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Abstract

The use of recycled material is a key building block for the circular economy. In
this study, we explore the impact of recycling laws in Japan on the use of recycled
materials in the production process of intermediate plastics. Using a difference-in-
differences approach, we investigate whether the input share of recycled plastics
in intermediate plastic products increased after the Container and Packaging
Recycling Law (CPR Law) was enforced in 1997 in Japan. Results indicate that
the input share of recycled plastics increased by 1 percentage point after the law’s
implementation. Meanwhile, the input share of virgin plastic materials, such as
polyethylene, polypropylene, and vinyl chloride, per plastic product decreased by
3 percentage points on average. These results suggest that the CPR law helped shift
inputs from virgin plastics to recycled plastic materials even though the impact size
has been small. To further encourage the use of recycled plastic materials, policy
interventions should directly incentivize producers to increase the use of recycled
plastics.

Keywords Plastic waste - Recycling - Container and packaging - Japan

JEL Classifications C23 - K32 - L65 - Q53

1 Introduction

The global production of plastics increased from 2 million tons in 1950 to 380
million tons in 2015, and the cumulative generation of plastic waste amounted to
6.3 billion tons during this period (Geyer et al. 2017). The vast amount of plastic

P4 Hirotaka Kumamaru
kumamaru@ed.akita-u.ac.jp

Faculty of Education and Human Studies, Akita University, 1-1, Tegata-Gakuenmachi,
Akita 010-8502, Japan

Graduate School of Global Environmental Studies/Graduate School of Economics, Kyoto
University, Yoshida-Honmachi, Kyoto 606-8501, Japan

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10018-023-00360-6&domain=pdf
http://orcid.org/0000-0003-4613-7021

356 Environmental Economics and Policy Studies (2023) 25:355-376

waste poses a serious threat to the environment, including marine litter and pollution
(Carney Almroth and Eggert 2019; Navarre et al. 2022). In particular, plastic
leakage from developed countries is contributing to these issues through global
supply chains (Navarre et al. 2022). While the governments of many countries have
implemented various policies to reduce plastic waste and promote recycling, the
extent to which these policies have impacted the production process is not yet clear.

This study examines the impact of a recycling law in Japan on the use of
recycled/virgin materials in the production process of intermediate plastics.!
Recycling is beneficial in that it reduces disposal costs as well as the use of virgin
material. Although the collection of recyclables temporarily avoids disposal, the
latter benefit will not be realized unless the recycled material is used for production
and substitutes for virgin material. To explore how the input share of recycled and
virgin material has changed after the implementation of the recycling policy, we
focus on the production of intermediate plastic products, such as film, sheets, plates,
and containers. The Japanese recycling law for containers and packaging does not
directly require producers to use recycled plastics, but the law may indirectly affect
producer behavior by increasing the supply of recyclable materials. As the law
increases the collection of used plastics, we expect the producers of intermediate
products to find more opportunities to shift their input mix toward used plastics and
increase the recycled content of products. For example, Hosoda (2004) documented
that manufacturers began to increase the use of recycled plastics as inputs for various
products after the law’s implementation.

In this study, we capture the change in the input mix by utilizing data from
the Monthly Report of Current Production Statistics Survey published by Japan’s
Ministry of Economy, Trade, and Industry. The report provides data on the monthly
production of various categories of intermediate plastic products and the amounts
of inputs used for their production. This allows us to investigate the changes in the
input share of recycled plastics in each product category. Building on the assumption
that the recycling law impacted only specific product categories, we examine the
law’s impact by the difference-in-differences (DID) method. To confirm the validity
of the method, we run the estimation with a different definition of the treatment and
the control group, as well as the test for parallel trend by event studies. We further
discuss the effect of the export of plastic waste to describe the whole picture of the
law’s impact.

Results of this study indicate that the use of recycled plastics per product
increased by 1 percentage point after the recycling law’s implementation.
Meanwhile, the use of virgin plastic materials, such as polyethylene, polypropylene,
and vinyl chloride, per plastic product decreased by 3 percentage points on average.
These results suggest that the law helped shift inputs from virgin plastics to recycled
plastic materials even though the impact size has been small.

! The use of substitute materials, such as biomass plastics and biodegradable plastics, is an alternative
response by producers. Because of limited data availability, this study does not explore the impact on the
substitute materials.
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This study is related to several strands of literature on waste management and
recycling. First, there are numerous empirical studies on the economics of recycling.
Specifically, scholars have investigated the impact of recycling programs on
households (Ek and Miliute-Plepiene 2018; Ishimura 2022), professional recyclers
(Ashenmiller 2009), municipalities (Dijkgraaf and Gradus 2017, 2020; Ferreira
et al. 2017), and technological innovation (Nicolli et al. 2012). These studies tend
to focus on how much waste is collected and pay less attention to how much-
collected waste is actually used. This study fills the research gap by focusing on the
producer’s role in the recycling system and examines how the collected waste affects
demand for recycled/virgin materials by producers. As producers play a critical
role in determining the total amount of material used in an economy, our study has
significant implications for policies to establish a sustainable production process
with lower environmental impacts. Second, while several studies have theoretically
investigated the impact of various policies on extended producer responsibility
(Calcott and Walls 2000; Ino 2011; Matsueda and Nagase 2012), empirical
investigation of existing recycling programs remains scant. This study contributes to
the literature by quantitatively examining the impact of recycling law on the change
in inputs in the production process.

The remainder of this paper is organized as follows. Section 2 introduces the
institutional background. Section 3 describes the data and our empirical model.
Section 4 explains the main results. Section 5 discusses extensions of the analysis.
Section 6 concludes. Supplemental figures are included in the Appendix.

2 Institutional Background

In Japan, the generation of plastic waste increased from 3.26 million tons in 1980 to
more than 8.91 million tons in 2018, as shown in Fig. 1 (Plastic Waste Management
Institute 2020a). Meanwhile, the mechanical recycling of the plastic waste in Japan
increased from 1.39 million tons in 2000 to 2.08 million tons in 2018. One of the
driving forces behind this increase is the Container a nd Packaging Recycling Law
(CPR Law) enacted in 1995 and enforced in 1997.2 The CPR Law aims to reduce
household waste by collecting containers and packaging waste for recycling. It
mandates consumers to separate packaging waste from garbage, municipalities to
collect recyclable materials, and producers of packaging and packaged goods to pay
the cost of recycling. Producers take partial financial responsibility for recycling
by paying a recycling fee to the Japan Containers and Packaging Recycling
Association, which contracts with recyclers. The collected waste is sent to these
recyclers selected by public bidding for processing waste into recycled materials.
The recycling fee provides an incentive for producers to reduce packaging waste, but
they are not directly motivated to use recycled materials in their production process.

2 Domestic demand for plastics for containers and packaging accounted for 40% of the total demand for
plastics in 2015 (Nakatani et al. 2020).
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Fig. 1 Plastic waste and recycling rate in Japan (1980-2020)

Although plastic recycling in Japan has advanced during the last two decades, it
is not clear if it has led to a fundamental change in the production process. First,
while mechanical recycling has increased, energy recovery by incineration has
also increased, from 3.12 million tons in 2000 to 5.02 million tons in 2018 (Plastic
Waste Management Institute, 2020a). This has led to a large discrepancy between
the total recycling rate and the mechanical recycling rate shown in Fig. 1. Although
the Japanese Ministry of the Environment includes energy recovery as a method of
recycling, it is distinguished from recycling by definitions in other countries. Second,
materially recycled plastics are not necessarily used in the domestic production of
new plastic products. A substantial proportion of them is exported to other countries
or disposed of as residuals during the recycling process. In 2018, Japan exported
more than half the amount of materially recycled plastics (Plastic Waste Management
Institute, 2020a). Exported plastic waste is not always managed properly, which
causes pollution in destination countries (Kellenberg 2012; Jambeck et al. 2015).

Japan’s CPR Law provides a unique opportunity to examine the potential impact
of the recycling policy on producer behavior. The CPR Law promotes recycling
mainly by increasing the municipality’s collection of packaging waste. There is evi-
dence of a considerable increase in the supply of recycled materials. According to
Ishimura (2022), municipalities have increased their recycling of plastic waste by
3—4 kg per person. The separate collection of PET bottles increased from 21,000
tons in 1997 to 298,000 tons in 2016 (Ministry of the Environment 2018). The sepa-
rate collection of plastic containers and packaging rose from 101,000 tons in 2000
to 739,000 in 2016. Yamakawa (2004) reported that the implementation of the CPR
Law has led to the reduction of plastic containers and packaging and increased recy-
cling of PET bottles but has not promoted the use of returnable containers. The col-
lection rate of PET bottles increased from 9.8 to 93% between 1997 and 2019 while
the recycling rate of PET bottles increased from 75 to 86% between 2006 and 2019
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(Council for PET Bottle Recycling 2001, 2011, 2020). Meanwhile, the total produc-
tion volume of PET bottles increased from 124,000 tons in 1993 to 593,000 tons
in 2019, and waste volumes were larger than before the law’s enforcement (Yas-
uda 2001; Council for PET Bottle Recycling 2020). While these findings suggest
a potential effect of the CPR Law on the production process, a thorough empirical
analysis has not been conducted to date.

3 Data and methodology
3.1 Data

We use a panel of monthly data for 11 categories of plastic products in Japan
from January 1989 to July 2019.% Data on the amounts of materials used in plastic
products were obtained from the Monthly Report of Current Production Statistics
Survey (Ministry of Economy, Trade, and Industry, 1989-2019), which covers all
establishments working with plastic products employing more than 50 people. We
collected the monthly totals of various plastic products and inputs used in these
establishments.

Table 1 reports the descriptive statistics. On average, recycled plastics used for
plastic products amount to 1223 tons per month per category. The data reveal that
in 2018 the total amount of recycled plastics used in our sample establishments
was approximately 235,725 tons. This amount is smaller than the total amount of
recycled plastics used in domestic production (760,000 tons in 2018), as reported
by the Plastic Waste Management Institute (2020a). The gap can be attributed
to the coverage of the dataset. First, our data do not include establishments with
fewer than 50 employees. These establishments comprise 91% of the total number
of establishments and account for 47% of the total number of employees (Statistics
Bureau of Japan 2014). Because of the data constraints, we use only data from large
companies to perform our analysis. The results of this study, therefore, might be
biased upward if large companies are more flexible in using recycled materials than
smaller companies. Second, recycled plastics refer to those purchased or provided
by other firms and offices of the company and are directly used in the manufacturing
process. It does not include plastic waste generated during the manufacturing
process within the establishment. Furthermore, the amount of recycled plastics used
in our analysis includes waste generated from the municipal and industrial sectors.
Because the CPR Law matters only to the container and packaging waste emitted
by the municipal sector, we may overestimate the impact of the law. However, an
estimate by the Plastic Waste Management Institute (1996, 2020) indicates that
mechanically recycled plastic waste emitted by the industrial sector increased
marginally from 1.01 million tons in 1996 to 1.16 million tons in 2018, while that
emitted from the municipal sector increased substantially from 0.02 million tons in
1996 to 0.7 million tons in 2018. Thus, the change during the treatment period can
primarily be attributed to the increase in the municipal sector.

3 Refer to Table 3 for the categories of plastic products.
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As a measure of the material used in the production process, we define the input
share of recycled plastics as follows:

Inputy;,
Nt Production;,”
where S, represents the input share of material k used as the input for manufacturing
product i in period . In the context of recycled material, the input share is often
called recycled content. It is calculated by dividing the input of recycled plastics by
the production of plastic products. For example, if 1 ton of recycled plastic is used
as an input for 100 tons of plastic products, the recycled content is 1%. The input
share of recycled plastics in our dataset is 2.2% on average and 8.5% at the highest.
It is much lower than the input share of virgin plastic materials, as the average input
share of PE is 14.8%, that of PP is 12.8%, that of polystyrene (PS) is 10.7%, and that
of VCis 21.7%.

Table 2 summarizes the characteristics of plastic materials used for production.
PE, PP, PS, and VC are representative plastic materials made from crude oil. PE
and PP are widely used in plastic products, such as plastic bags, plastic wraps,
and product packaging. They are lighter than water, soft, water-resistant, and have
excellent electrical insulation properties. PS is hard plastic and is used for rigid
products, such as food packaging and disposable cutlery. It can also be converted
into a foam material to protect packaging, such as single-use food containers. VC
is the precursor to polyvinyl chloride (PVC), typically used in plastic parts for the
construction and automotive industries.

The CPR Law was enacted in 1995, enforced in 1997 for glass and PET bottles,
and expanded its scope in 2000 to include containers and packages made of paper
and plastics. This study uses the following dummy variables to capture the stepwise
impact of the CPR Law: After 1997, After 2000, After 2018, and three dummy
variables that indicate the period between these timelines (1995-1997, 1997-2000,
and 2000-2017). The dummy variable 1995-1997 represents the announcement
effect of the CPR Law. After 1997 and After 2000 represent the partial and full
enforcement of the law, respectively. After 2018 is used to capture the impact of
China’s import ban on waste plastics in December 2017. Before the ban, more than
50% of plastic waste exports from Japan were directed to China (Trade Statistics
of Japan). After the import ban, the amount of domestically recycled plastics was
expected to increase. We use WTI crude oil price to control the effect of oil price
on the usage of recyclables and other plastic materials. The data are from the World
Bank Commodity Price Data (Pink Sheet) and adjusted to real prices in 2015 using
the consumer price index.

3.2 Empirical methodology

This subsection discusses the empirical methodology used to investigate the effect
of the CPR Law on input share. The estimated model is expressed as follows:

Sii = PoTreatment; * Post, + p,OilPrice, + 6; + A, + €, 1)

@ Springer



Environmental Economics and Policy Studies (2023) 25:355-376

362

(6007) 2dson

(€002)
[yodasnen
pUR JOUSSIIN

($107) UOaSON

(9107) unoyre)

(L107) BOUOY
(9102) 193ed

200¢ ut spunod uor[iq 66 e
PJBWITS “DATSURIXD ST DA J JO uononpoid oprmppiom oy, ‘uone[nsur pue ‘syerrojewr Sursesped ‘sodid jo uoneoriqey
oy ur pasn onserd uowrwod e ‘ursar (DAJ) SpHoyd [Autak[od armyoejnuew o) AJrewrid pasn ST 9pLIOTYD [AUIA

Srem TedIpaw o[qesodsIp pue ‘Ansnpur uoneIdsLIyaI Ay
Ul SIaUI] pue UONR[NSUI SUIp[Ing ‘ANSNPUI UONHEBIIUNWIWIOD PUB JIUONI[I/ILNOJ[ Ay} Ul s3ursed ‘suoneordde pooy
-uou pue pooj 10j [errjew Surgexoed € se pasn st auIL)sA[04 ouaIAls uo paseq dnseld 3sordurs oy st uIL)sA[0g

Sursseooid Wy umo[q pue 3sed Y1oq BIA swy JoAe[nnu ur jusuodwod e se J0 swy JoAe[-o[Surs
aInjoejnuew 0) pasn oq Aewr auojAdoidAjod ‘swiy 1oAe[nnu ur asn 10j uondo 2AIOBIIE UR JI sayew Surssaoord
JO asea aAne[a1 oy pue ‘Kjjiqesurtad pinbip pue ‘sed mo[ ‘AS1oud 9oryIns MO ‘YISuans JUI[[oxa sey sua[AdoidAjog

sadid pue ‘swnip ‘s1ourejuod pr3u ‘swijy surdeyoed se yons ‘suoneorjdde

oy10ads 10j suIsal I0[1e) 0} s190npoId SMO[[B SUOTIBLIBA [BISAS dInjorjnuew 0) A)I[Iqe 3y, "Aouaredsuen

—sopeIsS urel19o Jo swiy uny) u—pue ‘AJIqrxoy ‘ssouysno) ‘AIIqessaooid poos ‘ooue)sIsal [eOTayd JUS[[90Xd
‘sorouonbaij Jo a3uel OpIM B JOAO UOTJE[NSUI [BILIOJS JUS[[99X2 ‘90LId MO[ ST 9pnjoul g JO SAINesj 9AnoeIIE Y],

(DA) @puo[yd [KuIp

(Sd) 2ua1kisAjod

(dd) ausjAdoxdLjog

(dd) SusjAyahjod

SQOUQIRJY

SONSLIORIRYD

S[eLIaYRIA

srerrjew onserd Jo sonsLIRORIRYD) T d|qe]L

pringer

As



Environmental Economics and Policy Studies (2023) 25:355-376 363

Table 3 Treatment and control.
Source: Monthly Report of
Current Production Statistics

Survey (Ministry of Economy, . . . oy .
Trade, and Industry, 1989-2019) Plastic products for machine Plastic products for building materials

tools and parts

Treatment group Control group

Plastic film and sheets Plastic plates

Plastic pipes and joints Plastic synthetic leathers

Plastic containers Plastic products for general goods
Other plastic products Plastic foam products

Plastic film and sheets Plastic reinforced products

where S, represents the input share of material k used for plastic product i in period
t. Treatment; * Post, represents the interaction term to measure the impact of the
CPR Law, where Treatment; is the dummy variable for the product category that is
strongly affected by the CPR law (see the next paragraph for details), and Post, is a
dummy variable representing the implementation of the CPR Law, as defined in the
previous subsection. OilPrice, denotes the log of oil prices in period ¢, §; represents
the category of fixed effects, A, denotes the year-by-month or year and month-fixed
effects, and ¢;, represents the error term.

This study uses the DID method to examine the effect of the CPR Law on
the use of recycled plastics in intermediate plastic products. It investigates the
differential impact of a treatment on a treatment group versus a control group in a
natural experiment. We calculate the effect of the treatment (i.e., an explanatory
variable or an independent variable) on an outcome (i.e., a response variable or
a dependent variable) by comparing the average change over time in the outcome
variable for the treatment group to the average change for the control group
(Abadie 2005; Bertrand et al. 2004; Angrist and Pischke 2008). We divide the
11 categories of plastic products into the treatment group or the control group.
Table 3 presents the classification of the product categories. We hypothesize that
the effect of the law on the product mix is more substantial in the treatment group
because of the difference in product characteristics. Although the CPR Law might
affect all categories of plastic products, the impact is expected to be small in the
control group because of the technical difficulty in increasing inputs of recycled
plastics.

The treatment group comprises five product categories: film and sheets,
products for machine tools and parts, pipes and joints, containers, and other
products. The control group contains the other product categories: plates, building
materials, synthetic leathers, general goods, foam products, and reinforced
products. It is more challenging to use recycled plastic materials in these product
categories because of their durability and stability. Plastic plates are hard plastic
products made of VC, acrylic resin, and other materials. Plastic products for
building materials, such as rain gutters and floor tiles, are typically made of VC.
Synthetic leathers are mainly made of VC and nylon. Plastic products for general
goods, such as tableware and lunch boxes, are mainly made of PP. Plastic foam
products are mainly made of PS, while plastic-reinforced products are formed by
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Fig.2 Amount of recycled plastics used as inputs

adding glass and carbon fibers to plastic materials. The treatment group accounts
for nearly 80% of the total amount of intermediate plastic products.

Figure 2 depicts the amount of recycled plastics used in the treatment and
control groups during the study period. It suggests that recycled plastics used for
the treatment group began to increase in the late 1990s, while the control group
remained relatively stable. Throughout the study period, the total usage of recycled
plastics was 133,533 tons on average for the treatment group and 26,340 tons on
average for the control group. The above comparison, however, does not consider
the increase in the total amount of plastic products. The increase in the amount
of recycled materials used for production after implementing the CPR Law may
be explained by the rise in the total amount of plastic production. As indicated
in Figure A-1 in the Appendix, total plastic production in the treatment group
began to increase in the late 1990s, while total plastic production of both groups
remained relatively stable after the 2000s. To account for the increase in total plastic
production, our DID analysis uses the change in the input share of recycled plastics
as the outcome variable.

Figure 3 depicts the input share of recycled plastics of the treatment and control
groups. When we divide the amount of recycled plastics by the total production, the
contrast between the treatment and control groups becomes less clear. Nevertheless,
Fig. 3 suggests that the input share in the treatment group increased in the late
1990s. We hypothesize that this shift was caused by the enforcement of the CPR
Law, and we estimate a model that explains the change. We also investigate the
change in the input share of virgin plastic materials after the CPR Law. For this
purpose, we use the input share of virgin plastic materials as the dependent variable.
Owing to the substitutability between recycled plastics and virgin plastic materials,
the increase in the input share of recycled plastics is expected to reduce the input
share of virgin materials. While our study period spans 1989 to 2019, it is more
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challenging to approximate the counterfactual trend in the later study period by the
actual change in the control group. Therefore, the impact of China’s import ban
should not be interpreted as a reliable estimate of the causal relationship. Rather, it
has been included as a control variable.

A potential threat to identification is that other recycling laws implemented dur-
ing the 2000s might have impacted the use of recycled plastics: these include the
Home Appliance Recycling Law in 2001, the Automobile Recycling Law in 2005,
and the Small Home Appliance Recycling Law in 2013.* However, according to the
Plastic Waste Management Institute (2020b), the amount of mechanical recycling in
industrial waste has hardly changed since 1996, and the composition of automobiles
and home appliances is mostly iron, aluminum, and glass. Thus, the impact of these
recycling laws on recycled plastics seems to be small.

We define the treatment and the control group based on the technical feasibility of
using recycled materials. According to the Council for PET Bottle Recycling (2020),
collected PET bottles have been used domestically to produce PET bottles (24.3% of
collected bottles); film and sheets (43.5%); synthetic fibers (20.7%); and products
for logistics, construction, and offices (2.3%). Although these products roughly
correspond to our treatment group (film and sheets, products for machine tools and
parts, pipes and joints, containers, and other products), the assumption might be
inappropriate for capturing the impact of the law. To examine the sensitivity of the
results to this assumption, we estimate a model that uses an alternative definition of
the treatment and the control group in SubSect. 4.2.

* In addition, the Green Purchasing Law was implemented in 2000 to promote the demand for environ-
mentally friendly goods in administrative procurement. The law might have an effect of increasing the
market share for products that use recycled material.
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Table 4 Effect of CPR Law on recycled content

Recycled content

€] (@) 3 “ O] Q]

Treatment ¥1995-1997  0.0112***  0.0112***  0.0112***  0.0096***  0.0096***  0.0096***
[0.0014] [0.0014] [0.0014] [0.0012] [0.0012] [0.0012]

Treatment *After 1997  0.0101%** 0.0099%**
[0.0008] [0.0007]
Treatment *1997-2000 0.0108***  0.0108%*** 0.0105%**  0.0105%**
[0.0012] [0.0012] [0.0011] [0.0011]
Treatmen 0.0100%%%* 0.0097#%%*
*After 2000 [0.0008] [0.0007]
Treatment *2000-2017 0.0099 % 0.0096°%**
[0.0008] [0.0007]
Treatment *After 2018 0.0119%*%* 0.0116%**
[0.0015] [0.0014]
Oil price —0.0008 —0.0008 —0.0008
[0.0011] [0.0011] [0.0011]
Constant 0.0187***  0.0187***  0.0187***  0.0265***  0.0263***  0.0263***
[0.0029] [0.0029] [0.0029] [0.0090] [0.0090] [0.0090]
Year-by-Month FE Yes Yes Yes No No No
Year FE +Month FE No No No Yes Yes Yes
Category FE Yes Yes Yes Yes Yes Yes
Adj-R-squared 0.1277 0.1276 0.1279 0.1984 0.1985 0.1877
N 4037 4037 4037 4037 4037 4037

*p<0.1, ¥*p <0.05, ***p <0.01. Standard errors are in parentheses

4 Main results
4.1 Effect of CPR Law on recycled content

Table 4 reports the estimation results for the recycled content. The interaction term
between the treatment group and all policy dummies is positive and statistically
significant. The results suggest that the recycled content increased after the
implementation of the CPR Law. It implies that the share of recycled plastics
increased by approximately 1 percentage point after the law. The estimated impact
of the CPR Law is small: column (3) suggests the effect is 1.08 percentage points
after the initial enforcement in 1997 and 0.99 percentage points after the complete
enforcement in 2000. The impact of initial enforcement is similar to the full
enforcement in this model. Finally, the effect of China’s import ban is positive and
statistically significant, as suggested by the interaction term between the treatment
group and After 2018 (Treatment*After 2018).

These results imply that the CPR Law caused a slight increase in the recycled
content in the production process (about 1 percentage point). Although the amount
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Fig.4 Event study plots: input share of recycled plastics

of recycled plastics used as inputs increased during this period, the increase in the
total production of plastic products outweighed the effect.

To confirm the parallel trend during the baseline years, we also estimate a
model that includes the interaction term between the treatment group dummy and
year dummy, taking 1994 as the baseline year. Figure 4 presents the coefficients of
the interaction term estimated by the event study. The results for recycled content
indicate that all coefficients before 1995 have 95% confidence intervals that overlap
with zero. Therefore, we can assume that the trends of recycled content were similar
between the treatment and control groups before the enactment of the CPR Law.
The figure for the input share of recycled plastics shows that many coefficients after
1995 are positive and statistically significant, suggesting an increase in the amount
of recycled content in the treatment group, particularly after implementing the CPR
Law.

4.2 Robustness check

To confirm the robustness of the main results, we consider a model with an
alternative treatment group and a fractional-response model.

@ Springer



368 Environmental Economics and Policy Studies (2023) 25:355-376

Table 5 Alternative treatment

Recycled content
group (film and sheets, and eeyeied conten

containers) Treatment*1997-2000 0.0090%#*
[0.0015]
Treatment*2000-2017 0.0057%**
[0.0009]
Treatment*after 2018 0.0269%**
[0.0019]
Oil price 0.001
[0.0048]
Constant 0.0121
[0.0337]
Year-by-month FE Yes
Category FE Yes
Adj-R-squared 0.1337
N 4037

*p<0.1, ¥*¥p <0.05, ***p <0.01. Standard errors are in parentheses

As the alternative treatment group, we use “film and sheets” and “containers”
while using the rest of the 11 product categories as the control group. Because
two categories (film and sheets, and containers) are closely related to packaging
and containers, we can regard the model as a conservative estimate of the impact
of the CPR Law. Table 5 reports the estimation results. It shows that the effect of
the CPR Law is positive and statistically significant, and the impacts are slightly
smaller than those of the main results. Thus, the effect of the CPR Law is con-
firmed even with a conservative definition of the treatment group.

To account for the proportional value of the dependent variable, we also estimate
Eq. (1) using the fractional-response logit model. Table 6 shows the results,
including the marginal effects. The coefficients of the CPR Law are positive and
statistically significant, and the input share of recycled plastics shows an increase
of 1 percentage point. These results suggest that the main findings are robust to the
choice of estimation model.

5 Discussion

5.1 Effect of CPR Law on virgin plastic materials

To consider the potential substitution between recycled materials and virgin plastic
materials, this subsection investigates the impact of the CPR Law on the input share
of virgin plastic materials. We focus on five materials: PE, PP, PS, VC, and other

materials. According to the Plastic Waste Management Institute (2020a), the share
of plastic materials in total plastic waste is 33% for PE, 22% for PP, and 12% for PS.
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Table 6 Fractional-response

Recycled content
model Y

Fractional- Marginal effects
response model

Treatment*1997-2000 0.5361%** 0.0116%**
[0.0533] [0.0012]

Treatment*2000-2017 0.4414%** 0.0096%**
[0.0373] [0.0008]

Treatment*after 2018 0.5187%** 0.0113%**
[0.0787] [0.0017]

Constant —3.7678%**
[0.1571]

Year-by-month FE Yes

Category FE Yes

N 4037

*p<0.1, ¥*¥p <0.05, ***¥p <0.01. Standard errors are in parentheses

Table 7 presents the estimation results for the input shares of these plastic mate-
rials.’ In the case of PE, PP, and VC, the interaction between the treatment group
and 1997-2000 (Treatment*1997-2000) is negative and statistically significant.
The results suggest that the input shares of these materials decreased after the initial
implementation of the CPR Law in 1997. The impact is also significantly negative
after 2000. Thus, the input shares of these materials decreased after the CPR Law,
while that of recycled content increased. However, we must be cautious about inter-
preting the results as indicating the substitution of petroleum-derived plastic materi-
als, because the coefficients are much larger than those of recycled plastics.

Notably, the use of VC might be mainly driven by reasons other than the
recycling policy. VC is considered an intermediate source of dioxin contamination
and has been highlighted as a serious environmental issue in Japan in the late 1990s
(Sekine 1997; Sakamoto 2020). This concern, coupled with social pressure (such as
the Act on Special Measures against Dioxins) on the producers during the period
may reduce the usage of the material, regardless of the CPR Law (Sakai 2007).

5.2 Export and domestic usage of recycled plastics

As noted in Sect. 2, a substantial part of collected plastics is exported to other
countries as recyclable materials. The export of recyclables inevitably reduces the
domestic use of recycled materials. Thus, it is necessary to consider the recycled
plastics exported abroad to capture the whole picture of plastic recycling. Figure 5

> The parallel trend test results are reported in Figure A-2 in the Appendix. There appears to be no sig-
nificant difference in trends between the treated and the control group before the CPR Law, as all the pre-
treatment coefficients are statistically insignificant.
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Fig.5 Export volume and domestic usage volume of recycled plastics

presents the change in the export volume and domestic usage volume of recycled
plastics.

The export volume of recycled plastics has been increasing substantially since
the early 2000s. In 2013, it amounted to 1,680,000 tons, almost eight times larger
than the domestic use of recycled plastics. Exports suddenly dropped as a result of
China’s import ban in December 2017, providing more opportunities for domestic
usage of collected and recycled materials.

6 Conclusion

This study has investigated the impact of the CPR Law on the input share of recycled
plastics. The findings can be summarized as follows. Our estimation results indicate
that the input share of recycled plastics increased by 1 percentage point after
the enforcement of the CPR Law in 1997. The results suggest that the CPR Law
indirectly affected the proportion of recycled plastics used as inputs. Furthermore,
the use of virgin plastic materials, such as polyethylene, polypropylene, and vinyl
chloride, has significantly decreased since 1997. Irrespective of the small impact, the
results are suggestive of a substitution between recycled plastics and virgin plastic
materials. However, the estimated coefficients suggest that the decrease in these
plastic materials has been more substantial than the increase in recycled plastics.
The increase in exports of recycled plastics also suggests that a large portion of
collected plastics are not utilized in domestic production.

The findings of this study indicate that policymakers should take into account
policies that specifically impact the utilization of recycled plastics, such as
implementing recycled content standards. For instance, the EU approved a directive
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on single-use plastic products in 2019, mandating that plastic bottles must comprise
25% recycled plastic by 2025 and 30% by 2030. Japan has also pledged to decrease
the usage of single-use plastics by 25% by 2030 through the Plastic Material Cycle
Strategy. As our results imply a weak substitution between recycled plastics and
virgin plastic materials, supplementary measures are necessary to shift inputs from
virgin to recycled materials and achieve the objectives of a circular economy. One
example of such additional measures could be the Plastic Resource Circulation Act
in Japan, enacted in 2021, which aims to reduce single-use plastics and promote
recycling.

A limitation of this study is that our analysis does not take into account biomass
and biodegradable plastics in the production process. These newly developed
plastic materials can substitute for conventional plastics and provide an alternative
avenue for firms seeking to reduce their use of plastic materials. Furthermore, a
more comprehensive examination of the energy usage of chemical and mechanical
recycling of plastic waste is also necessary. Future research should comprehensively
evaluate the cost and benefits of these various measures to reduce plastic waste.

Appendix

See Figs. 6 and 7.
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Fig.6 Amount of total plastic production

@ Springer



Environmental Economics and Policy Studies (2023) 25:355-376 373
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Fig.7 Event study plots: virgin plastic materials
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(D) Amount of Vinyl Chloride (VC)
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Fig.7 (continued)
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