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Abstract

This study investigates plastic waste management, focusing on Japan. The volume of
plastic waste in Japan is more than eight million tons, and less than a quarter of the plastic
waste is subjected to recycling. Considering that Japan is an archipelago consisting of a
combination of four large islands and numerous smaller ones, plastic waste that enters the
ocean poses significant threats to marine life, birds, other living beings, and beach pollution.
This research explores the underlying factors that have made Japan one of the highest users
of plastic. In addition, this study evaluates different strategies that are utilized in Japan
to deal with the reduction in plastic utilization and plastic waste. The final section of the
study proposes strategies that can reduce utilization of plastic and production of plastic
waste and the new and future outlook for replacement of plastic.

Keywords: waste management; Japan; strategies to deal with plastic waste; alternatives to
using plastic

1. Introduction
The focus of this research is Japan, one of the highest plastic waste-producing countries.

The volume of plastic waste in Japan reached approximately 8.23 million tons in 2022 [1].
In 2020, only 21% of plastic waste was subjected to material recycling [2]. Plastic waste is
damaging the bodies of water, and it has a harmful impact on marine life, birds, and all
other living beings across the globe [3–9]. In addition to the destructive environmental
impact of plastic waste, plastic is manufactured from crude oil, which is another source of
carbon emissions [10,11].

According to the Organization for Economic Co-operation and Development (OECD),
the manufacturing and utilization of plastic have increased from 234 million tons to 435
million tons in a span of twenty years, from 2000 to 2020 [12]. OECD predicts that by
the year 2040, manufacturing and utilization of plastic will increase by 70% from the year
2020 [12]. According to the OECD, economic development in emerging countries and also
the OECD country members will contribute to an increase in plastic use that will have a
great impact on increasing global carbon emissions [12].

Following the literature review, the study explores the underlying reasons why there
is so much plastic utilization in Japan. The study examines several strategies that have
been implemented in Japan to deal with plastic utilization and plastic waste. The Plastic
Resource Circulation Strategy, adopted in May 2019 by Japan’s Ministry of the Environment,
set ambitious goals, including a 25% reduction in single-use plastics and a 60% recycling
rate for plastic packaging by the year 2030 [7].
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The final parts of the study propose public–private partnership and the utilization
of blockchain technology as a resource-recycling platform, in addition to exploring the
development of innovative sustainable materials that can replace plastic.

2. Literature Review
As mentioned above, based on the OECD’s prediction, the production and utilization

of plastic will have a tremendous increase by the year 2040, with a major impact on
increasing greenhouse gases (GHGs) globally [12]. Several studies have explored the
impact of microplastics on marine life and birds and how microplastics in the oceans
contribute to the death of sea animals and birds [5,6,13]. According to Susanti et al. [5],
microplastics in the oceans contribute to the death of sea animals and birds. The study by
Li et al. [6] discusses plastic waste and marine life. Concurrently, some researchers state
that plastic does not degrade for a very long time means that plastic waste is transportable
and enters the bodies of water and the oceans across the globe [3,6]. Li et al. also propose
that plastic industries need to be accountable, and different countries have to pass rules and
regulations to address this issue [6]. Schwarz et al. [13] conducted a study of the types of
plastic waste in marine environments, such as rivers and oceans. They found that the plastic
waste in the rivers included mostly the plastic wrappings of products used by consumers
that stayed in the rivers or washed to the beaches, while the fishing equipment was
mostly found in the oceans. Schwarz et al. suggest that understanding the transportation
and accumulation of plastic waste is an important factor to consider the environmental
damage of plastic waste [13]. Pilapitiya and Ratanayake [3], in their study reviewing plastic
waste and its environmental impacts, discuss how plastic has revolutionized the way we
deal with different products. According to the authors, the properties of plastic, such as
being lightweight, easy to handle, and convenient for wrapping different products and
transporting them, have made a tremendous impact on the production and utilization of
plastic. The authors emphasize the importance of global cooperation in 6 dealing with
plastic waste [3].

Rafey and Siddiqui [4], in their study of plastic waste in India, discuss the challenges
that encompass plastic waste recycling and the need for comprehensive strategies that
provide solutions to deal with the production and sustainable waste management of both
plastic and bioplastic.

Vuk et al. [7] investigated waste management and plastic waste recycling in Japan,
South Korea, Singapore, and China. Among the studied countries, Japan and China indicate
reductions in plastic waste, 11% for Japan and 8% for China. Japan has set rules and
regulations for the reduction in plastic utilization and recycling, such as the 2019 Resource
Circulation Strategy for Plastics [7]. However, South Korea and Japan, which used to send
their plastic waste to China, cannot do it anymore since China banned importing the plastic
waste [7]. The authors predict that Japan cannot achieve its goals of reducing single-use
plastic and recycling by the year 2030, and there is a need to establish policies, such as a
circular economy, and implement them through public–private partnerships to deal with
the plastic waste and its impact on the environment in and around Japan [7].

Gazeau et al. [8] conducted a systematic review on tracing plastic recycling and con-
cluded that blockchain technology is the most capable tool for ensuring accurate tracking.
They noted, however, that significant challenges such as integration and standardization
must be overcome by establishing high, cross-industry standards for recycling practices.
Other researchers likewise emphasize that robust digital traceability frameworks are essen-
tial to advancing a circular plastic economy [8].

Torkelis et al. [9] discussed the increase in usage of plastic packaging, while there is
no indication of meeting the set goal for recycling plastic waste. They argue that multiple
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factors, including economic, political, environmental, technological, cultural, and legal
dimensions, must be addressed in tandem to improve plastic utilization and waste man-
agement. This broad perspective aligns with an OECD analysis [12], which stresses that
recycling goals cannot be met without concurrently tackling such diverse influences.

This study focuses on Japan and explores the underlying reasons for Japan’s high
volume of plastic waste and the ways that Japan deals with recycling plastic waste and its
efficiency. The last part of the study explores the most effective ways of dealing with plastic
waste in Japan and globally and proposes strategies that can best deal with plastic waste.
The goals of this study are delineated below:

a. Investigating the different practices dealing with plastic waste in Japan.
b. Exploring the advantages and disadvantages of the current practices dealing with

plastic waste that are currently used in Japan.
c. Proposing strategies to best deal with Japan’s plastic utilization and plastic waste

with the potential of global impact.

3. Plastic Waste in Japan
Japan’s cultural emphasis on hygiene and aesthetics has deep historical roots [14–16].

Brown’s analysis of Japanese cultural practices [14] notes that packaging is not merely
functional but symbolic, representing respect and care in both personal and commercial
contexts. This cultural inclination results in high levels of single-use plastics, such as indi-
vidually wrapped produce and elaborate packaging for gifts. The research by Gamaralalage
et al. [15] emphasizes that such practices significantly contribute to Japan’s position as one
of the largest producers of plastic waste. According to the study by Li et al. [16], Japan’s
cultural emphasis on hygiene and aesthetics significantly influences the high consump-
tion of single-use plastics. The tradition of meticulous packaging reflects a societal value
placed on cleanliness and presentation. A survey conducted by the Japan Ministry of the
Environment reveals that 60% of household waste in Japan consists of packaging materials,
underlining the cultural priority placed on cleanliness and presentation [17].

An emerging area of research involves behavioral interventions to reduce plastic
consumption. A study by Ohtomo and Ohnuma [18] shows that financial incentives, such
as discounts for reusable containers, significantly influence consumer habits. Their study
further indicates that public awareness campaigns emphasizing the environmental impact
of single-use plastic have also proven effective, particularly among the younger generation,
and integrating such interventions with existing policy frameworks can accelerate the
shift towards a circular economy. In addition, concentrating on industries that heavily use
plastic can also assist in reducing the usage of plastic. Nakatani et al. [19] investigated
plastic waste in Japan and how it could effectively be recycled and reused. Their finding
suggest that the concentration should be on industries that use plastic, such as the food
industry, in addition to the collection of plastic waste from households.

Furthermore, Japan’s economic strength supports its capacity for technological in-
novation in waste management. However, heavy reliance on imports for raw materials
intensifies its plastic dependency. Policies, such as the Plastic Resource Circulation Strategy
and incentives for reducing single-use plastics, represent attempts to balance economic
growth with environmental sustainability. Luk [20] argues that these policies, while pro-
gressive, require stronger enforcement mechanisms and broader public participation.

As a result, in addition to national policies, regional efforts also play a role. Jones [21]
highlights case studies of municipal programs, such as Yokohama’s “Smart Resource Recy-
cling” initiative, which combines citizen engagement with advanced sorting technologies to
achieve higher recycling rates. Such localized efforts often serve as models for nationwide
implementation but require significant funding and community involvement.
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Currently, Japan’s traditional methods, such as incineration and mechanical recycling,
which is the process of converting plastic waste into new products through physical
reprocessing (e.g., sorting, melting, and remolding) without altering the polymer’s chemical
structure [22,23], dominate the waste management strategies in Japan. While incineration
is efficient for reducing waste volume, it contributes to greenhouse gas (GHG) emissions
and raises environmental concerns. According to Ma et al. [23], recent advancements in
chemical recycling, including the HiCOP method and blockchain-based tracking systems
for resource recycling, have attracted academic and industrial interest. As highlighted
by Mitsui Chemicals [24], blockchain technology, in particular, has been identified as a
transformative tool for ensuring transparency and accountability in recycling practices.

Another solution to decrease plastic waste is the technological advancements focusing
on material innovations as alternatives to the utilization of plastic [25]. Satti and Shah [26]
discuss the development of plant-based biodegradable plastics that aim to replace conven-
tional polymers. Plant-based biodegradable plastics are materials derived from renewable
biological resources (e.g., corn-based polylactic acid) that can be broken down by microor-
ganisms into natural substances like water and carbon dioxide [26]. These materials are
designed to decompose in natural environments, reducing the environmental hazards of
plastic waste [26].

Xu et al. [27] propose that international cooperation is vital for addressing transbound-
ary plastic pollution. Japan’s participation in global initiatives, such as the G20 Osaka
Blue Ocean Vision, demonstrates its commitment to reducing marine plastic litter. The
G20 Osaka Blue Ocean Vision is an international initiative launched under Japan’s G20
presidency in 2019 that aims to eliminate new marine plastic litter pollution by 2050 [28].
However, more concrete actions, including stricter regulations on plastic exports and in-
creased investment in regional waste management infrastructures, are needed to deal with
plastic waste in Japan.

This research examines different methods that are used to recycle plastic waste and
highlights the benefits and issues of these methods. This study proposes strategies that
can be effective in dealing with plastic pollution. The proposed strategies concentrate on
Japan, one of the most plastic waste-producing countries in the world, with the potential
for global impact.

4. Problem Identification
According to Alves [29], the worst mismanagement of plastic waste happens in Asia,

which produces 65% of plastic waste globally. Table 1 presents the top 10 plastic waste-
producing countries in the world [30].

The Plastic Management Index (PMI) was originated by Economic Impact and The
Nippon Foundation as part of the “Back to Blue” initiatives [31]. PMI includes 25 selected
countries that are compared based on how they manage their plastic waste from production
to recycling. PMI, in combination with the “Decade of Ocean Science” that was 157 started
by the United Nations in 2021, assists in developing strategies for countries to deal with
plastic production, utilization, and waste management [31].
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Table 1. Plastic Pollution by Country 2024.

Country Plastic Waste (M Tons)

China 37.6

United States 22.9

India 7.4

Brazil 4.9

Mexico 4.0

Japan 3.8

Germany 3.6

Indonesia 3.4

Thailand 3.4

Italy 3.3

Plastic Waste Challenges

A major issue with plastic waste is that it is not biodegradable, causing plastic residues
to persist in the environment for centuries. Over time, larger plastic items degrade into
microplastics, which can be ingested by humans through water and seafood, posing
potential health risks [6,7]. Additionally, the impact on marine life and birds and the
tainting of the seafood are inevitable [4,6].

The plastic waste degradation process occurs globally, but it is particularly visible
in countries like Japan, where high plastic usage meets extensive coastal areas [1,7]. As
incineration is used in Japan to deal with plastic waste, an equally important concern is
air pollution and greenhouse gas emissions from the incineration of plastic waste, Japan’s
most widely employed plastic disposal method [8]. While incineration effectively reduces
plastic waste volume, it also releases CO2, nitrogen oxides, and other pollutants [8]. If
recycling of plastic waste through incineration is not properly regulated in Japan, toxic
substances, such as dioxins, can be emitted, which causes long-term environmental harm
and potential health hazards for nearby communities [8]. As China and other Southeast
Asian nations have stopped plastic waste imports [32], Japan must handle a larger share
of its plastic domestically, leading to an increased reliance on incineration that raises
additional environmental and public health concerns [7,32].

Moreover, the high cost of recycling plastic waste presents a significant bar-
rier. Collecting, sorting, and processing different types of plastics, ranging from PET
(polyethyleneterephthalate) bottles to more complex multilayer packaging, requires so-
phisticated infrastructure and specialized technology [10,25]. The complexity of recycling
plastic and its high cost not only discourage the adoption of advanced recycling methods
but also drive local governments to select less expensive, yet more polluting, options, such
as incineration and landfill disposal [8,22].

Compounding this challenge for Japan is Japan’s cultural emphasis on hygiene and
elaborate packaging, which leads to extensive use of single-use plastics, from individually
wrapped produce to disposable cutlery, thereby inflating the overall volume of plastic
waste [15,17].

Finally, the increasing prevalence of marine plastic pollution is a reminder that plastic
waste is not confined to terrestrial systems but also affects global oceans. Studies show that
plastic debris, especially from coastal regions, often ends up in marine environments, harm-
ing coral reefs, fish populations, and seabird colonies [6,7,14]. As an island nation, Japan
faces heightened vulnerability to marine pollution, and cleaning up plastic debris along
its coastlines imposes additional economic and labor burdens on local governments and
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non-governmental organizations (NGOs) [1]. Consequently, addressing these challenges
calls for comprehensive solutions. The strategies that Japan is using to deal with plastic
waste are as below:

1. Incineration.
2. Chemical Recycling.
3. Extensive public engagement.
4. International collaborations.
5. Policy intervention.
6. Reducing plastic utilization.
7. Circular Economy.
8. Blockchain Technology.

5. Current Strategies Utilized in Japan to Deal with Plastic Waste
1. Incineration: Incineration remains Japan’s dominant strategy due to its capacity to

handle large quantities of waste efficiently [8,33]. Yet, as discussed above, this method
contributes significantly to greenhouse gas emissions and air pollution [8,33].

2. Chemical Recycling: Chemical recycling approaches have gained attention, converting
plastic waste into raw materials or fuels. While promising in principle, these processes
demand high energy inputs and cost-intensive facilities, limiting their widespread
adoption [10,23].

3. Stakeholders’ Engagement: Along with coming up with technological solutions to
plastic waste recycling, the engagement of stakeholders has become crucial. Gov-
ernments, businesses, and NGOs need to collaborate on awareness campaigns and
community-driven initiatives, such as local plastic collection events and educational
programs on sorting protocols [15,17]. Beyond raising public consciousness, such
engagements can contribute to policy changes at multiple levels, local, regional,
and national, to promote both innovative recycling methods and a reduction in the
utilization of plastic [16,19,29].

4. International Collaborations: International agreements also play a significant role in
shaping Japan’s approach to plastic utilization and plastic waste recycling. Initiatives,
such as the G20 Osaka Blue Ocean Vision and the United Nations “Decade of Ocean
Science”, have encouraged Japan to align its policies with global standards on marine
conservation and plastic pollution control [29]. There is a need for robust interna-
tional collaboration mechanisms since cross-border collaborations can be hindered by
inconsistent regulations and varying economic interests [29].

5. Policy Intervention: Improving plastic waste collection efficiency is another strategic
focus, as better sorting and retrieval of plastic waste can greatly enhance recycling
rates [17,27]. Advanced AI-driven sorting systems, developed by companies like
Nippon Electric Corporation in Japan, are increasingly used to identify and separate
various plastic polymers, thereby reducing contamination and boosting material
recovery [8,23]. However, these technologies require substantial financial investments
and reliance on public compliance with sorting guidelines [27].

6. Reducing Plastic Utilization: A more transformative approach involves reducing plas-
tic utilization outright, particularly single-use plastics. Japan has introduced multiple
legal and policy measures, such as discouraging the free distribution of plastic bags
and utensils in retail and dining establishments, to curb plastic dependency [20,32].
These measures are complemented by industry-level shifts toward biodegradable or
bioplastic alternatives, which can assist in diminishing fossil-based plastic production
in the long term [11,26,34].
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7. Circular Economy Model: Closely related to reducing plastic usage is the pursuit of a
circular economy model. Through this approach, products are designed and manufac-
tured with reuse, repair, and remanufacturing in mind, thereby minimizing waste over
the product life cycle [8,10,27]. To implement such a paradigm shift effectively, the
Japanese government has enacted policies like the 2019 Plastic Resource Circulation
Strategy, incentivizing manufacturers to adopt design-for-recycling principles and to
create markets for secondary raw materials [8].

8. Blockchain Technology: Blockchain technology has emerged as a compelling tool for
ensuring transparency and traceability in the entire recycling chain [9,24]. When de-
ployed effectively, blockchain systems can track the journey of plastic from production
to disposal, reducing fraud and guaranteeing that materials labeled “recycled” are
genuinely recycled. Yet, implementing blockchain comes with challenges, including
high setup costs, the need for regulatory frameworks, and collaboration issues among
diverse stakeholders [9,24].

Table 2 presents the discussed strategies that Japan has adopted to deal with plastic
waste and the advantages and disadvantages of these strategies.

Table 2. Japan’s strategies in dealing with plastic waste.

Strategies Advantages Disadvantages

Incineration
• Inexpensive and quick
• Reduction in waste volume rapidly

• Increasing CO2 emissions and air pollution
• Potential release of toxins

Chemical Recycling
• Conversion of plastics into valuable chemical

feedstock
• Reduction in the need for virgin materials

• Energy-intensive process
• High operational costs

Engagement of Stakeholders

• Raising awareness of plastic pollution
• Encouraging collaborations among

Government agencies, industries, and
Consumers

• Requiring consistent long-term funding
• May face resistance if cultural and economic

interests are not aligned

International Collaborations
• Enhancing global cooperation and knowledge

exchange
• Harmonizing regulations across borders

• Enforcement can be inconsistent
• International political tensions can impede

progress

Policy Intervention
• Improving sorting and lowering contamination
• Efficiency in collection and enhancing recycling

rates

• Requiring advanced infrastructure and
technology

• Depending on public participation and
adherence to sorting rules

Reducing Plastic Utilization
• Reducing plastic waste at the source
• Encouraging the use of alternative Materials

• Cultural preference for over-packaging
remains strong

• May lead to higher costs for Businesses and
consumers

Circular Economy

• Extending product life cycle through Reuse
and remanufacturing

• Potential reduction in resource depletion and
pollution

• Complex to implement at scale
• Requiring alignment of policy, technology, and

social values

Blockchain
• Enhancing traceability of recycled Materials
• Reduction in risk of data tampering and fraud

in waste management systems

• High initial costs for the system
implementations

• Requiring digital standardization across
stakeholders

In sum, incineration remains popular due to its lower costs and efficiency in reducing
waste volume, yet it contributes significantly to air pollution and greenhouse gas emissions.
By contrast, chemical recycling offers a pathway to reclaim valuable raw materials but
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remains capital-intensive. Engagement of stakeholders, including policymakers, corpora-
tions, and citizens, serves as a critical means of raising awareness and instituting broader
reforms. Similarly, international collaborations, agreements, and policy interventions by
efficient collection systems can ease logistical challenges and enhance recycling outcomes.
Efforts to reduce plastic utilization, particularly in single-use applications, necessitate shifts
in consumer behavior and business practices, which may be facilitated by circular econ-
omy initiatives. Finally, blockchain technologies present a novel solution for improving
accountability and transparency in waste management operations.

The complexities outlined in Table 2 indicate the need for a systematic investigation
of the factors driving plastic waste generation and management. In light of these diverse
strategies, such as incineration, chemical recycling, engagement of stakeholders, inter-
national agreements, circular economy initiatives, and blockchain-based traceability of
recycled materials, this study investigates several strategies to pinpoint the most vital strate-
gic model to deal with plastic utilization and plastic waste in Japan. This research evaluates
a combination of policy measures, technological innovations, and cultural shifts to identify
the most effective comprehensive approach. Prior research has called for public cooperative
strategies (e.g., combining circular economy policies with stakeholder engagement) as
essential to tackling Japan’s plastic waste problem [7].

6. Strategies to Deal with Plastic Utilization and Waste in Japan
This section examines several strategies aiming to clarify and explain the interplay

among policy measures, technological innovations, and socio-cultural norms in shaping
plastic waste recycling outcomes. Recent studies [8,15,33] emphasize that simple cor-
relations, such as those between environmental policy stringency and reduced plastic
consumption, may be confounded by broader economic structures, consumer behavior,
and supply chain dynamics. Likewise, while the Plastics Management Index (PMI) serves
as a robust measure of policy efficacy and infrastructural readiness, its predictive power
for actual waste outcomes can be moderated by nation-specific conditions, such as Japan’s
291 cultural norms that determine single-use plastic packaging practices across different
industries [17,32]. To determine the most effective strategy to deal with plastic waste in 293
Japan, the subsequent strategies are explored to highlight the best one that can shape the
294 ultimate reduction in plastic waste.

1. Strategy 1

Countries with higher PMI scores demonstrate a lower per capita plastic waste gener-
ation rate. This proposition suggests that nations scoring favorably on the PMI, reflecting
strong policies, infrastructure, and stakeholder engagement, will exhibit a reduced per
capita plastic waste output.

2. Strategy 2

In Japan, implementing circular economy approaches, such as chemical recycling
and design for recyclability, and drawing upon Japan’s recent policy framework, the 2019
Plastic Resource Circulation Strategy, the goal is to reduce single-use plastics by 25% by
2030 [35]. This study proposes that by integrating advanced recycling processes with
product redesign principles, these circular economy measures can yield a demonstrable
and measurable reduction in aggregate plastic waste.

3. Strategy 3

The adoption of advanced incineration technologies in Japan, such as gasification and
pyrolysis, correlates with a net decrease in carbon dioxide (CO2) emissions compared to
conventional incineration methods [36]. These technologies also achieve higher energy
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recovery efficiency, which can further reduce net emissions by offsetting the use of fossil
fuels [36]. Although incineration remains Japan’s principal disposal technique, modern ther-
mal processes, such as gasification and pyrolysis, may ease some environmental impacts by
lowering net CO2 outputs, assuming strict emission controls and efficient energy recovery.

4. Strategy 4

Blockchain-based traceability solutions increase the accuracy of reported recycling
rates, resulting in a smaller discrepancy between reported and independently verified
plastic recycling data. This study proposes that digital traceability systems can reduce
inconsistencies in official recycling figures. Blockchain provides an undisputable record
of each transaction in the recycling process, making it difficult to falsify or double-count
recycled material and thereby helping to align reported figures with actual outcomes [8].
For example, a Japanese pilot project using SAP’s Green Token blockchain system to track
recycled plastic inputs has shown that such technology can substantiate environmental
claims and improve transparency in the plastics supply chain [37].

7. Investigating the Strategies for Dealing with Plastic Waste in Japan
To evaluate the above strategies, data were compiled from multiple sources, including

the Plastics Management Index [38], OECD environmental databases [12], Japan’s Ministry
of the Environment [35], academic research on advanced incineration processes [8,23],
and blockchain-based waste management implementations [9,24]. Figure 1 indicates the
PMI scores for the listed countries [38] and their per capita plastic waste in kilograms per
year [31].
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Figure 1. PMI score versus per capita plastic waste (2021, 2016).

As illustrated in Figure 1, countries with relatively high Plastics Management Index
(PMI) scores, such as Germany (87.4) and Japan (84.5), exhibit lower per capita plastic waste
(Germany = 81, Japan = 38) than England (99) and the U.S. (105), with lower PMI. However,
as indicated in Figure 1, countries with low PMI scores, such as Brazil (56.3) and India (41.5),
exhibit a lower volume of per capita plastic waste, 52 kg/year for Brazil and 20 kg/year for
India. As a result, data does not support the assumption in Strategy 1 that countries with
higher PMI scores demonstrate a lower per capita plastic waste generation rate.

To evaluate Strategy 2, Japan’s approach to decreasing plastic waste by implementing
a circular economy is examined. Japan’s implementation of a circular economy, such as
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chemical recycling and design for recyclability, is to significantly decrease overall plastic
waste disposal by at least 15% within five years [31]. Figure 2 presents the estimated
reduction in plastic waste after the implementation of circular economy strategies in Japan
from 2019 through 2021 [33,34].
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Figure 2. Estimated reduction in Japan’s plastic waste with circular economy strategies.

As indicated in Figure 2, the plastic waste was reduced by 28% in 2020 and 26% in
2021 compared to 2019. However, the percentage of plastic waste in 2021 increased by 4 kT
when compared to 2020. These discrepancies indicate the need for more assertive policy
measures or faster technological adoption to achieve significant plastic waste reduction.

Strategy 3, incineration, remains Japan’s principal disposal technique through modern
thermal processes. Figure 3 presents the results of the examination of this strategy by
comparison of missions created from different incineration techniques in Japan for 2021 [39].

Figure 3 provides information and compares the average CO2 emissions (CO2

kg/plastic kg) and the percentage of energy recovery efficiencies among different in-
cineration methods used in Japan: pyrolysis, gasification with ammonia or combustion,
and conventional methods. As indicated in Figure 3 [39], incineration with different meth-
ods exhibits high CO2 emission. The conventional incineration methods indicate a lower
CO2 emission, but the energy efficiency ranges between 25% and 40%. Higher energy
recovery ratios, which may contribute to a more sustainable waste-to-energy conversion
if scaled nationally. However, economic and infrastructural barriers remain critical to the
widespread adoption of different efficient incineration methods.

The last strategy to explore, Strategy 4, blockchain-based traceability, has the potential
of increasing the accuracy of reported recycling rates. In order to examine the accuracy of
reported plastic recycling versus the actual verified plastic recycling rates, Figure 4 presents
the results of this investigation. As indicated in Figure 4, there are discrepancies between
reported versus verified plastic recycling rates in the countries below from 2020 to 2021.
The data for the selected countries in Figure 4 were from different sources: Japan [39–41],
Germany [41], South Korea [41,42], Singapore [41], and India [43–45].
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As presented in Figure 4, there are discrepancies between the reported recycling of
plastic waste and the verified recycling of plastic waste in the above nations. As a result,
there is a need for robust digital transparency that can improve accuracy in reported
recycled plastic waste [8,37]. Utilization of blockchain traceability that follows the life cycle
of a product can enhance the records of recycling of plastic waste across the globe.

8. Discussion
Based on the presented tables and figures, the strategies that are implemented to

lower plastic waste all demonstrate positive and negative points. The PMI and per capita
plastic waste and implementing policies, infrastructure, and stakeholder engagement show
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a general trend toward lower waste generation in countries with high PMI, with notable
exceptions, such as Japan, as depicted in Figure 1. That means strong policy frameworks
alone may not reduce consumption if cultural or economic factors drive single-use plastic
demand, as the PMI and per capita plastic waste data indicate that it is the situation
in Japan.

Circular economy efforts in Japan have led to very modest decreases in total waste
as depicted in Figure 2 [33,34], which falls short of the goal of a 25% reduction in plastic
waste [35]. Strengthening policy implementation and accelerating innovation could help
bridge this gap.

Utilization of different incineration techniques for plastic waste, as presented in
Figure 3, shows that all these techniques produce CO2 ranging from 27.1 to 50.5 kg per
kg of plastic waste, and energy recovery is between 25% and a maximum of 45%. 50.5 kg.
The conventional method of incineration with a power generation rate of 25% produces
less CO2 (27.1 kg/kg plastic waste) and an energy recovery efficiency of 40%. However,
national-scale implementation of better techniques remains limited due to high costs and
infrastructure constraints.

The blockchain strategy and the results of recycling rates depicted in Figure 4 highlight
discrepancies between self-reported versus verified recycling rates, which vary from 17%
(Germany) to 62% (Japan).

Collectively, the findings of our study highlight the complexity of plastic waste man-
agement, which hinges on a combination of policy frameworks (PMI), technological inno-
vation (advanced incineration, blockchain), and socio-cultural factors (packaging norms,
consumer habits). Japan’s experience with simultaneously high PMI and relatively high
per capita plastic usage demonstrates that even advanced systems must continually adapt
to new challenges if significant reductions in plastic pollution are to be 443 achieved.

In light of the observed shortcomings and successes, we argue that Japan should
pursue an integrative model of plastic waste governance. This includes implementing
blockchain-based traceability systems alongside public–private partnerships to improve
accountability, investing in R&D and infrastructure to upscale advanced recycling and
waste-to-energy technologies, and promoting cultural shifts through education and incen-
tives. By interpreting the empirical findings in this manner, our discussion bridges to the
subsequent recommendations, which outline concrete steps to govern plastic waste for
policymakers and stakeholders. Additionally, it lays out a future outlook wherein contin-
uous innovation and international cooperation will be vital. Japan’s case exemplifies a
broader lesson. Achieving significant plastic waste reduction will require not only national
efforts but also alignment with global initiatives and treaties, ensuring that domestic actions
contribute to and are reinforced by worldwide progress.

9. Recommendation
Based on the results of our research, we recommend a blockchain traceability strategy

along with public–private partnerships and interdisciplinary research combining behavioral
science, design innovation, and governmental policies that have the potential of yielding
effective educational frameworks to deal with plastic utilization and plastic waste recycling.

Studies examining Japan’s cultural hygiene for plastic packaging, such as Brown [14]
and Nakatani et al. [19], highlight how deeply rooted norms can drive persistent single-
use plastic consumption despite robust policy interventions. These analyses confirm that
any successful waste reduction strategy must be culturally responsive rather than merely
legislatively driven.

Changing the hygiene cultural aspect of Japan through focusing on introducing
early environmental literacy in school curricula needs to be the starting point. Involv-
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ing academia and scientists to create consumer awareness is essential in encouraging the
decrease in the utilization of plastic. Devising government policies to promote incentives
for different industries to implement eco-packaging alternatives can positively influence
national cultural values.

In addition, considering Japan is a country surrounded by water, international al-
liances to assure ecological safety for living beings and marine life are imperative. Discus-
sions of strategies regarding the reduction in plastic utilization and proper plastic waste
management in organizations, such as the G20 [39], are imperative for the successful imple-
mentation of global strategies. The study by Gamaralalage et al. [15] emphasizes the critical
role of international alliances in addressing transboundary plastic pollution. As a result,
multilateral agreements, shared monitoring platforms, and standardized data collection
protocols are beneficial in aligning stakeholders’ interests. Moving forward, comprehensive
inquiries are necessary to develop and test more scalable models of global collaboration
regarding plastic utilization and plastic waste.

Studies by Torkelis et al. [9] and Jones [21] investigating advanced incineration and
recycling technologies reveal that while methods such as pyrolysis or gasification have
promise, the operational complexities and financial costs can hinder large-scale implemen-
tation.

Recent research on life-cycle assessments of bio-based plastics by Khoo et al. [10] and
biodegradable polymers by Satti and Shah [24] illustrates both the potential and pitfalls of
new material innovations. Although emerging solutions can diminish reliance on fossil-
based plastics, trade-offs in land use, water consumption, and cost-effectiveness must be
thoroughly examined.

Multi-criteria decision-making (MCDM), as discussed by Taherdoost and Madanchian [36],
is a sound approach to systematically evaluate the ecological and socioeconomic dimensions
of novel materials. Interdisciplinary teams, combining polymer science, environmental
economics, and industrial design, can be positioned to explore, prototype, and pilot alterna-
tives to plastic utilization and plastic waste recycling at various stages of the supply chain.
These efforts can also address questions of recyclability, consumer acceptance, and policies
resulting in widespread adoption.

Furthermore, the emerging research on blockchain-based traceability and digital
reporting, as explored by Gazeau et al. [8] and Mitsui Chemicals [24], highlighting how
technology can revolutionize plastic recycling accountability, signifies that utilization
of evolving blockchain technology and digital reporting will have a major impact on
decreasing and ultimately eliminating plastic utilization and plastic waste in Japan.

10. Future Outlook
Future studies should concentrate on methods that can reshape public perceptions and

cultural hygiene around plastic packaging in Japan by changing the hygiene culture, which
is a major contributing factor to plastic utilization. As mentioned above, educating the pub-
lic, starting with the young generation, is imperative to understand the impact on Japan’s
coastlines, bodies of water, marine life, and the health and welfare of all living beings.

In addition, the impacts on the environment at the national and municipal levels,
comparing different waste-treatment scenarios, need to be explored. Furthermore, real-
world pilot programs, accompanied by longitudinal data collection, can validate these
novel approaches to plastic utilization and plastic waste recycling.

By integrating findings from pilot-scale successes and failures, government entities
and private-sector stakeholders can refine best practices for broader deployment, especially
in urban areas with high waste-generation rates. To effectively deal with plastic utilization
and plastic waste recycling, public–private partnerships can be the underlying dynamic for
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the elimination of plastic utilization across the globe. In addition, international alliances
are very important to deal with the hazards of plastic utilization and plastic waste.

In addition, further research is needed to explore the replacement of plastic with other
safe and easily degradable materials in the near future. As a result, it is imperative for
future studies to concentrate on developing effective, safe, and affordable techniques to
replace and recycle plastic waste across the globe.

11. Conclusions
The present study makes scientific contributions by examining Japan’s plastic waste

management through both governance and innovation lenses. It provides an integrated
analysis of how policy measures, cultural factors, and technological innovations interact in
the context of plastic waste, offering a comprehensive case study for nations grappling with
similar issues. Academically, our work highlights the importance of cultural context in
waste management outcomes. For example, Japan’s ingrained single-use packaging norms
were shown to reduce the effectiveness of otherwise strong policies. This finding contributes
to the literature by empirically demonstrating that technological or policy solutions alone
are insufficient without societal engagement. Additionally, the study’s evaluation of
advanced recycling technologies, such as improved incineration techniques and blockchain
traceability, sheds light on both their potential and limitations in a real-world national
setting, thus providing a perspective that bridges engineering and policy disciplines.

Looking forward, the challenges identified in this research point to several future
directions. One key direction is the need for longitudinal studies to assess how behavioral
interventions, such as education campaigns or incentive programs, can gradually shift
consumption patterns in cultures with high plastic dependency. Another is the development
of cross-sector pilot projects. For instance, collaborations between municipal authorities,
industry, and technology developers to implement circular economic initiatives can be used
to test integrated solutions at scale. Our findings also suggest that international cooperation
will be critical. Therefore, establishing unified metrics and data-sharing protocols for
plastic waste, building tools like PMI, could be an important step, enabling researchers and
policymakers to track progress and learn from each other’s experiences. In conclusion, by
combining insights from policy analysis, cultural examination, and technological evaluation,
this study underscores that tackling plastic waste is a multifaceted challenge. It calls for
sustained interdisciplinary efforts and international collaboration to drive the systemic
changes required for a more sustainable and circular plastic economy in Japan and beyond.
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