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Abstract: With an increasing use of plastic, considerable plastic waste is generated, threatening
the environment and public health. In particular, changes in living patterns in urban areas have
significantly impacted the rate at which plastic waste increases every year. Thus, governments in many
developed countries have implemented numerous policies to reduce plastic waste generation. Among
them is the concept of circular economy that aims to protect the environment from plastic pollution
and promote growth and innovation in industry and human life through overall changes in designing,
producing, using, and recycling plastic products. The Korean government has implemented the
Resource Circulation Act (RCA), which includes the concept of circular economy and resource
efficiency policy for overall waste management. Following the concept of RCA, the Plastic Waste
Control Plan (PWCP) was established for the comprehensive management of plastic waste. Therefore,
this study introduces the goals and strategies of PWCP, which has a circulation system of four stages
of production, consumption, discharge, and recycling, as well as the major roadblocks in the stages
impeding the achievement of the goals and strategies. This study also suggests countermeasures at
the government level for solving the major problems in the four stages.

Keywords: plastic waste; plastic waste control plan; circular economy; resource circulation;
policy framework

1. Introduction

Due to their flexibility in terms of performance and processing, plastics are widely used in various
industrial fields such as advanced electronic products, automobiles, construction, and disposable
products. However, plastic waste treatment has emerged as one of the major concerns of the 21st century
owing to the continued use of plastic. While most of the plastic wastes are landfilled or incinerated,
they are unsustainable and a serious burden on the environment [1]. Furthermore, depending on the
circumstances of each country, some plastic waste is illegally discarded or thrown off over mountain
tops and in seas. If this continues, approximately 12 billion tons of plastic waste could be dumped in
nature by 2050 [2]. Thus, to solve this environmental problem, numerous countries are employing
varied strategic systems for effective utilization of plastic waste and promoting the technical use of
plastic waste as recycled materials that can replace limited resources. This is done by converting it
into plastic raw material and energy in the thermal or oil form through chemical decomposition [3-6].
These approaches may be similar to the transition to a resource circulation society wherein the concept
of a circular economy is introduced [7].

The existing socioeconomic system comprises a linear economic structure of take-make-dispose.
Thus, it has been limited in coping with the crisis of environmental problems and resource depletion.
However, the circular economic structure can be considered an alternative in the socioeconomic
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system because it enables used resources to be retained in the socioeconomic system for a long time
and waste in the disposal phase to be reused as secondary raw material or as energy to ensure
the use of as little natural resources as possible [7,8]. Therefore, establishing a resource efficiency
policy based on the circular economy concept is essential for effective plastic waste management.
The European Union has adopted a plastic management strategy that includes three basic aims [9]:
(1) to promote a circulation system, which includes designing plastic products, discharging after
consumption, separating for collection, recycling the plastic products, and encouraging demand for
recycled products; (2) to reduce the discarding and abandoning of plastic waste; and (3) to expand
research and investment for the circulation system of plastics. This strategy was established as a
comprehensive response to two of the 17 Sustainable Development Goals (SDGs) [10] released in 2015:
“Ensure sustainable consumption and production patterns” (12th goal) and “Conserve and sustainably
use the oceans, seas, and marine resources for sustainable development” (14th goal).

In Korea, the resource efficiency policy for general waste management has been underway. At the
same time, the Ministry of Environment has established and implemented the Resource Circulation
Act (RCA) [11] in line with the concept of UN SDGs. In addition, the 10-year Resource Circulation
Master Plan (RCMP) [12], which includes mid-term and long-term policy directions and detailed
strategies, was implemented to realize a circular economy. In 2018, the Plastic Waste Control Plan
(PWCP) was established for effective plastic waste management based on the RCA and the RCMP [13].
In this plan, the plastic waste means a synthetic polymer compound waste according to Waste Control
Act of Korea. It includes synthetic resin waste, synthetic rubber waste, polyvinyl chloride resin waste,
polyurethane foam waste, aquaculture waste, synthetic resin foam waste, packaging waste, and fishing
net waste [14]. This new plan has a strategy to establish a circular economy system for plastics and
specifically aims to reduce the amount of plastic waste to less than 50% and recycle more than 70% of
the plastic waste generated by 2030. Further, PWCP has three basic strategies to achieve the stated
goals: (1) to re-establish production and consumption structures to reduce the amount of plastic
waste generated; (2) to prepare a step-by-step improvement plan in the circulation system including
production, consumption, discharge, and recycling stages; and (3) to reinforce the responsibilities of
each agent such as government, municipalities, producers, and consumers.

2. Status of Plastic Waste in Korea

Waste in Korea is largely divided into two types: household type (HT) and industrial type (IT).
HT waste is generated by human activities and includes product waste (plastic packaging materials,
styrofoam, vinyl, etc.), food waste, waste 0il, and animal carcasses. IT waste is generated through
production or construction activities at industrial sites, e.g., waste synthetic polymers, process sludge,
slag, dust, and waste catalysts. In particular, as shown in Table 1, construction waste, including earth
and sand, waste bricks, waste concrete, waste wood, and waste reinforcing bars, generated during
building or dismantling are managed separately within the IT.

Table 1 also shows that the total amount of waste generated in Korea was 156.8 million metric tons
(MT) in 2017, a 20.0 MT increase from 2010, with an annual average increase of approximately 2.9 MT.
Of this, HT waste was 12.4% and IT waste (construction type constituted 45.7%) was 87.6%. HT waste
increased by about 0.23 MT per year, from 17.9 MT in 2010 to 19.5 MT in 2017, whereas IT waste increased
by about 2.6 MT per year, from 118.8 MT in 2010 to 137.2 MT in 2017. This indicates that the increase in
IT waste is more noticeable than HT because it is directly affected by increase in industrial production,
expansion of economic activity, and changes in resource-intensive industries and economic structure.
In particular, construction type waste is increasing due to rise in construction work, reconstruction,
and redevelopment in metropolitan areas. In case of plastic waste, the total amount generated in
2017 was 7.4 MT, with an annual average increase of approximately 0.4 MT from 2010 to 2017. Here,
Korea’s plastic waste generation in 2017 was compared with three developed countries (USA, Japan,
and Germany). In the United States, plastics waste generation was 35.4 MT in 2017. Whereas, Japan
and Germany produced around 9.03 MT and 6.2 MT of plastic waste in 2017, respectively [15-17].
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This indicates that the generation scale of Korea is between Japan and Germany. HT plastic waste is
generated through discarded packaging, beverage bottles, plastic household products, etc. Furthermore,
IT plastic waste is generated through waste wires (covered with plastics), waste electrical and electronic
products, polyvinyl chloride pipes, other waste synthetic polymer compounds generated in industrial
processes, etc. The amount of HT and IT waste generated was 2.8 MT and 4.6 MT (the construction
type amounting to approximately 0.5 MT, lower than the non-construction type that was 4.1 MT),
respectively, as of 2017; the ratio of plastic waste within the total HT was approximately 14.4%, higher
than the plastic waste ratio of 3.4% in IT. Moreover, there was an increase of approximately 1 MT and
1.7 MT for HT and IT, respectively, from 2010 to 2017, with an annual average increase of approximately
0.14 MT and 0.24 MT, respectively. Although the annual average increase of IT was higher than that
of HT, the ratio of annual average increase of plastic waste within that of total waste in each type
(e.g., HT with 0.14/0.23 = 0.61 and IT with 0.24/17.9 < 0.01 as of 2017) was higher for HT. This implies
that the change of annual generation rate of plastic waste can be more affected by activities in human
life than those in industrial production or construction, in contrast with the generation rate of total
waste affected by industrial activities as mentioned above.

Table 1. Generation and disposal amount of waste and the ratio of plastic waste.

MT D/Year
2010 2011 2012 2013 2014 2015 2016 2017

179 179 178 182 187 196 195
Household Type (HT) 17.9@ (1.8) ® 18) @1 @1) 22) 22) 26) 28)
Generation Industrial Type Non construction (523‘68) (524;; (5385(; (53837) (%067) (6410(; 21402) (64516)
am 650 680 681 670 677 724 728 716

03) (04 (05 (016) (0.6) (06) (05  (0.5)

8.7 9.2 8.9 8.9 93 9.7 9.7
1) (24 (@3 (23 (24 (4 (@25
Disposal . 134 135 135 139 139 139 149
Landfill 13.4 (0.4) ©03) (04 (03 (03 (03 (04 (04)
1178 1213 1241 1238 1295 133 1321
(26) (33) (34 (38 (4l (43)  (@45)

M Million metric tons; @ Sum of all types of waste; ) Amount of only plastic waste.

Construction

Incineration 79 (1.8)

Recycling 115.4 (2.5)

In case of the disposal method, as shown in Table 1, recycling of the total waste constituted the
highest at 84.3% in 2017, followed by 9.5% of landfill and 6.2% of incineration. The annual average
increase was 0.26 MT (incineration), 0.21 MT (landfill), and 2.39 MT (recycling), indicating the highest
increase in recycling. Comparing the proportion of disposal methods in 2010 (incineration at 5.8%,
landfill at 9.8%, and recycling at 84.4%) with those in 2017 (incineration at 6.2%, landfill at 9.5%,
and recycling at 84.3%), a slight change was observed in incineration and landfill without much change
in recycling. This means that the rate of increase in recycling is slowing down, while there is an
increasing tendency to rely on incineration. The government has to constantly shift from landfill or
incineration to recycling. However, it is difficult to increase the recycling rate of the entire waste because
the generation amount of waste is steadily increasing. In detail, regarding HT waste, the proportion
of recycling is maintained at 60% (e.g., the recycling volume was 11.7 MT in 2017, an increase of
1.25 MT compared with that in 2010). Conversely, recycling constituted 87.7% of the IT waste, higher
than that of HT; in IT construction waste, recycling constituted 97-98%. Next, regarding the disposal
method of plastic waste, recycling increased by 0.29 MT annually from 2010 (2.5 MT) to 2017 (4.5 MT),
while incineration increased by 0.1 MT annually, and there was a little change in landfill during
the same period. The changes between the proportion of disposal methods of plastic waste in 2010
(incineration at 38.3%, landfill at 8.5%, and recycling at 53.2%) and those in 2017 (incineration at
33.8%, landfill at 5.4%, and recycling at 60.8%) indicate a slow transition from incineration and landfill
to recycling. Nevertheless, due to the increasing production and consumption of plastic products
every year, there was little change in the plastic waste amount sent to landfill, and the amount of
incineration shows an increasing tendency (from 1.8 MT in 2010 to 2.5 MT in 2017) along with that
of recycling. In particular, regarding waste types, the recycling ratio of HT plastic waste was less
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than 50%, lower than that of IT (approximately 70% or more). Therefore, one of the key factors for
increasing the recycling rate of plastic waste would be to manage HT plastic waste from discharge to
final disposal effectively.

3. A New Policy Framework for Effective Plastic Waste Management: PWCP

3.1. RCA

Waste policy in Korea began with the basic concept of “safe disposal” in the 1980s, which led to
the Wastes Control Act, as shown in Figure 1 [18].

1980 1990 2000 2010 2020

(©) () (©) (©) (©)

\

Safe Disposal Wastes Control Act (1986) |

_______________________________ t

Act on the Promotion of
Saving and Recycling Resources (1992)

Concept

Recycling
Construction Waste
Recycling Promotion Act (2003)
Resource Circulation Act (2016)
S
Resource Resource Circulation Master Plan (2018)

Circulation @

Plastic Waste Control Plan (2018)

3 Subject-matter of this study

Figure 1. Flow of waste policy with the concepts of safe disposal, recycling, and resource circulation in
Korea (Ministry of Environment, 2019a; Ministry of Environment, 2018b; Ministry of Environment, 2018c;
Ministry of Environment, 2019a; Ministry of Environment, 2019b; Ministry of Environment, 2020).

The idea of waste recycling began to be emphasized from the 1990s to the mid-2000s, thereby leading
to the establishment of the Act on the Promotion of Saving and Recycling Resources [19] and the
Construction Waste Recycling Promotion Act [20] to use recyclable waste as alternative resources.
Since the mid-2000s, as the concept of “Resource Circulation” emerged, efforts have been made to shift
from the simple quantitative system to a circulation system where the values of natural and waste
resources are promoted. Finally, the RCA was established in May 2016 and implemented in January
2018 [21]. The RCA follows the concept of “resource circulation” to implement a circular economy
with a circulation system of production, consumption, discharge, and recycling to minimize waste
generation and maximize reuse and recycling instead of landfilling or simple incineration. This is
expected to reduce the use of natural resources and non-renewable energy sources, which may help
conserve the environment. Additionally, for realizing policy directions and detailed strategies of the
RCA, a mid- or long-term RCMP was created in 2018 and will be implemented by 2027 [12]. It provides
autonomous decision-making opportunities to each region through regional governance expansion.
Moreover, it includes a plan to reduce conflicts between regions by establishing a system that enables
the exchange of opinions and information between regions. The RCMP has set three main goals:
reduction in waste generation to less than 20%, increase in the recycling rate from the existing 70.3% to
82%, and reduction in the final disposal rate from the existing 9.1% to 3.0%. To realize the main goals,
three strategies are established as follows: (1) to divide the circulation system into four stages, namely,
production, consumption, discharge, and recycling; (2) to reduce waste generation prior to recycling
and produce high-quality recycled products; and (3) to optimize regional integrated waste management
based on local governance easily accessible to the public. Table 2 shows three goals and three strategies
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of RCMP and their countermeasures in each circulation part of production, consumption, discharge,

and recycling.

Table 2. Comparison of goal, strategy, and countermeasures between Resource Circulation Master Plan
(RCMP) and Plastic Waste Control Plan (PWCP) [12,13].

Resource Circulation Master Plan (RCMP)
from 2018 to 2027

Plastic Waste Control Plan (PWCP) from 2018
to 2030

- 20% reduction in waste generation

- Reduction of plastic-waste generation
under 50%

Goal ) C,erUIa.t fon rate: 70.3 (ex1str1n'g) - over 82% - Recycling of generated plastic-waste over 70%
- Final disposal rate: 9.1 (existing) — under 3.0% R .
(recycling ratio)
- Re-establish the production and the
- Establish a circulation system with a life cycle consumption structures of plastic products to
including production, consumption, discharge, = suppress plastic-waste generation
and recycling - Improve four stages (production, consumption,
Strategy - Reduce waste generation and promote recycling  discharge, and recycling) of circulation system to
of high-quality materials expand plastic-waste recycling limits
- Optimize regional waste disposal based on - Reinforce the accountability of each of the
public participation governance participants such as government, local
government, producer, and consumer
- Enhancement of resource productivity by
industry - Phasing out difficult-to-recycle products
Production - Promotion of waste reduction in the production - Design of recycling-oriented product
stage - Strengthening of producer responsibility
- Product design considering resource circulation
- Suppression of waste in living
- Promotion of resource-efficient and eco-friendly - Minimization of packaging in distribution part
Consumption consumption - Minimization of the use of disposable product

- Creating and spreading a culture with a
resource circulation concept

in consumption part

countermeasures

- Establishment of effective discharge, collection,
and screening system

- Clean separation and discharge of consumers
- Reinforcement of public management of blind

Discharge - Zero /0. of direct landfill spots and expansion of government support for
- Establishment of safety management system .
about hazardous waste private sector
- Promotion of high value-added recycling ;i);liia;;;)rrz)gizlzmand—route for

Recycling - Improvement of material-oriented recycling - Improvement of the quality for

- Stabilization of recycling market and promotion
of related industries

recyclable material
- Stabilization of recycling market

3.2. PWCP with the Concept of RCA

As mentioned in Section 2, two issues are associated with plastic waste. First, according to the
increasing use of plastic every year, activities in human lives can affect the change of annual generation
rate of plastic waste more than those in industrial production or construction. Second, there is no clear
corresponding increase in the recycling rate (the increase may become stagnant), and the recycling
rate of HT plastic waste is lower than that of IT. These two issues can be major hurdles in achieving
the goals of the RCMP mentioned in Section 3.1. To solve this, there should be a plan that provides a
turning point at which the dependence on incineration or landfill is reduced and the recycling rate is
increased, and plastic products (packaging, styrofoam, vinyl, plastic bottles, etc.) used or discarded in
human activities is better managed. Therefore, the Ministry of Environment, as indicated in Table 2,
established in 2018 the PWCP to comprehensively manage plastic waste and plans to implement it
by 2030 [13]. PWCP follows the concept of RCA and has three main strategies based on the basic
framework of the RCMP: (1) to re-establish the production and consumption structures of plastic
products wherein the generation of plastic waste is suppressed; (2) to introduce a circulation system
with four stages, like RCMP, and prepare the improvement plan (countermeasures) for each stage to
minimize the waste generation and maximize the recycling stage; and (3) to reinforce the accountability
of each participant (government, local government, producer, consumer, etc.) in the circulation system.
These strategies are expected to achieve two goals: reduce current generation of plastic waste by more
than 50% by 2030 and reuse or recycle more than 70% of the plastic waste as raw materials or recycled
products through the recycling stage.
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To follow the goals and strategies presented in the PWCP, identifying the major problems that
block the circulation system with four stages (production, consumption, discharge, and recycling) is
necessary. First, in the production stage of the plastic product, to entice consumers, a color may be
added to the raw material to give attractive visual effects. It is also possible to attach labels that are
difficult to be detached from the surface of a plastic product. In some cases, products are manufactured
using the mixture of various raw materials. These practices make recycling difficult. For these reasons,
in case of plastic packaging, the guidelines for improving the material and structure of the body, label,
cap, and others are suggested and implemented, as indicated in Table 3.

Table 3. Guidelines for material and structure of plastic packaging [13].

Recycling Degree
Material and Structure Medium Difficult Notes
Easy (Grade 1) (Grade 2) (Grade 3)
Colorless single material .
Body - Only green and
; : Green sky-blue colored
Colored single material Sky-blue @ ¢ materials are rated
Grade 2
- Mixed material with
Mixed material Brown & . only brown colored is
rated Grade 2
Synthetic resin Non-adhesive .
mate'rlal with specific Adhesive with water
gravity less than 1 .
separable
Label
- If substitutes are
Adhesive with . commercialized, this
non-water separable will be downgraded
to Grade 3
- Label with
perforated line is
recommended
Synthetic resin Non-adhesive . - If substitutes are
material with specific commercialized, this
gravity more than 1 will be downgraded
to Grade 3
Adhesive °
Printed directly on the body .
PVC ® material, Paper-type, mixed with metal o
Cap and Synthetic resin cap with specific gravity less .
than 1
others

Synthetic resin cap, metal cap, PVC cap, and
removable materials for other purpose these .
have the specific gravity more than 1

M Applied to polyethylene terephthalate (PET) bottle for alcoholic beverages except beer; ® Applied to PET bottle
for (mineral) water to increase a feeling of refreshment; ® Applied to PET bottle of mixed material for beer to block
UV rays; @ Polyvinyl chloride.

Here the plastic packaging is classified into three grades, in terms of whether it is suitable
for recycling by dividing the evaluation for the materials and structures. Grades 1 and 3 make a
distinction between the packaging whose material and structure are suitable or unsuitable for recycling.
The packaging in Grade 2 is not recyclable but is inevitably used; consumers are recommended to
refrain from using it. Despite such efforts by the government, the ratio of packaging with Grade 1
was generally low; in particular, Grade 1 of polyethylene terephthalate (PET) bottles was as low as
approximately 2% as of 2015. Second, in the consumption stage, numerous changes have occurred in
consumption patterns, such as increased one-person households, diversified consumer age groups, and
dependence on online shopping. Due to these changes, a practice such as the use of consumable and
unnecessary overpacking has led to increased plastic waste. For example, disposable cups increased
from 19.1 billion (2009) to 27.5 billion (2015), and plastic bags increased from 17.6 billion (2009) to
21.1 billion (2015). Third, in the discharge stage, there is a distinction between the discharge and
collection parts. In the discharge part, HT plastic waste is dependent on the disposal system using
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standard plastic garbage bags to reduce discharge amount by imposing waste disposal tax and lead
the separation of recyclables. However, the convenience of standard plastic garbage bag can also
hinder the growth of waste recycling. For example, there have been many cases wherein considerable
foreign material was mixed with recyclable plastic waste and thrown into the garbage bag frequently.
Even small amounts of contaminants (such as PET bottles containing cigarette butts) can reduce
recycling rate because of the high cost and complicated process required in separating them during
the recycling stage. In the collection part, as shown in Figure 2, the collection for HT waste from
the detached house is processed by the government after discharging into the two types of standard
plastic garbage bags and recyclable waste, while recyclable waste from apartments (except standard
plastic garbage bag) is handled by private companies. In case of IT, all the collection processes,
except house-type industrial waste, are processed by private companies. It indicates that, as waste
collection is more dependent on private companies than the government, the collection system may be
affected if private companies refuse to collect it. For example, considerable plastic waste has flowed
into Korea since the Chinese import ban [21,22]. In contrast, the volume of plastic waste exported from
Korea has declined sharply, leading to an accumulation of domestic plastic waste. This phenomenon
has led to a drop in the price of raw plastic materials for recycled plastic products and ultimately
to private companies refusing to collect waste. Finally, in the recycling stage, plastic waste was not
properly recycled when the recycling industry had trouble making profits. As shown in the part
about recycling in Figure 2, the government does some of the recycling in public recycling facilities,
but it is limited to only HT waste from detached houses (some are entrusted to private recycling
companies). As most of this waste relies on private companies, recycling cannot but be sensitive to the
profitability of the recycling industry. Profitability is subject to change due to several important factors.
It can be influenced by changes in raw material prices sensitive to international price. Rising costs of
the intermediate treatment before recycling in IT construction waste can affect profitability. Further,
it may also be sensitive to other factors such as the limited demand market of recycled products,
commercialization of recycling-related technologies, environmental stability of recycled products,
and public perception.

-Collection

- Discharge - . - Recycling - - Disposal -
H hold T (HT) Transportation - -
ousehold Type I
Standard plastic Residue JEobtic
D . incineration
Detached garbage bag Local Public facility
recycling \Z
house type ; government o .
Bt facility Public landfill
—>  (discharge after — facili
separation) Residue acility
> Standard plastic | Residue Incineration
Apartment garbage bag) Collection or Recycling compy
. transportation - - v
house type Recyclable waste company company
L>!  (discharge after 'e) : —>] Landfill company
separation)
Industrial Typc (IT) X progressed by government
House-type’s | [:] progressed by private company
. p 2)
Non- industrial waste’
construction type T
General industrial |5} m?) ’ui:::i‘::x L Recycling Residue, Incineration
waste ‘c;ﬁfpa‘m} company company
Recyclable T Recyclable \L
§ . Collection or Intermediate treatment
Construction tvpe —1 Construction [ transportation company [——3{ " company for only Landfill company
sonstruction typc waste for only construction . 3)  [Residue
ante on- construction waste:

recyclable

"Discharge method with plastic garbage bag to reduce discharge amount by imposing a tax of waste disposal and to lead to separate the recyclables

DWaste, which is as same as the ‘Household-Type’. generated from the industrial field

“Company, which has the physical separators with liberation, crusher, magnetic separation, etc., simply treat the non-recyclable waste for effective incineration

incineration or landfill in the next step or recovering the valuable materials

Figure 2. Process flowchart from the discharge of waste to collection, transportation, recycling,

and disposal.
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4. Countermeasures in Four Stages for Achieving Their Goal and Strategies in PWCP

To address the major problems impeding the goals and strategies of the PWCP presented in
Section 3.2, the countermeasures in four stages with production, consumption, discharge, and recycling
are presented in Table 2. The production stage focused on designing recycling-oriented products and
strengthening the producer responsibility for recycling. The consumption stage focused on simplifying
packaging and minimizing the use of disposable products. The discharge stage focused on improving
the separation and discharge systems and strengthening public management. The recycling stage
focused on stabilizing the recycling market, expanding the demand for recycled products, and securing
the environmental stability of recycled products. Details of each stage are presented below.

4.1. Production Stage

To reduce the amount of plastic waste generated, in the first stage of circulation system,
three basic countermeasures must be suggested. The first countermeasure is to phase out
difficult-to-recycle products. The second is to ensure that products, which can be recycled with
a simple operation after discharge, are designed as such before the manufacturing process. The third
is to strengthen the producer responsibility system wherein producers are mandated to recycle
plastic waste. For example, plastic packaging, especially PET bottles used in Korea are composed of
different materials with the body made of PET, lid of polypropylene (PP), and label of polystyrene (PS),
which leads to difficulties in the recycling stage. Although the material and structure of packaging are
systematically evaluated and producers are mandated to follow the guidelines in Table 3, new guidelines
(including revised existing guideline in Table 3) must be provided for the unification of materials
used in the plastic packaging. Further, the government recommends the following manufacturing
direction to improve producers’” design for recycling, composition as a single material, quality
of adhesive, and simple treatment method for recycling after use and discharge. For producers
who have not implemented this recommendation, the government plans to apply the Resource
Circular Assessment wherein the products that are harmful to the environment and detrimental to
recycling are identified after evaluation and barred from being used in the future. This assessment has
four items of evaluation: circular availability and adequate disposal; prediction of weight, volume,
material quality, and composition of waste expected after use and disposal; existence of hazardous
substances and their characteristics; and durability. It targets frequently used products, such as PET
bottles (for beverages and detergents), foamed synthetic resin products, polyvinyl chloride (PVC) wraps,
and PP, polyethylene (PE), and PS bottles. For example, in the case of circular availability and adequate
disposal (first item), the plastic products should be evaluated with the guideline, as shown in Table 4,
in Resource Circular Assessment.

Table 4. Guideline for evaluation of circular availability and adequate disposal in Resource Circular
Assessment [13].

Guideline
Main Purpose Improvements in Materials and Components, Ease of Separation, Color, etc.
PET @ bottle - (Body) Colorless and transparent should be used as a single material. However,
for beverage or detergent when using composite materials due to the characteristic of the product, it should

be used in a color that can be easily separated in the recycling stage

- (Label) A water-soluble adhesive that does not leave any impurity after
detaching the label should be used, and a perforation line should be applied to
allow easy separation from the body

- (Cap) Cap should be used as same as the material of the body and should be
easily separated from the body through specific gravity separation in the
recycling stage

Applied Products PP @, PE®), and PS @ bottles
For beverage

Foamed synthetic resin - Only single color (only white) should be used
including EPS ) - No coating process with any chemical additives is allowed

- In order to prevent the generation of chlorine compounds during thermal

©)
PVC® wrap recycling, materials are re placed with PE, etc., which is easy to be recycled

M Polyethylene terephthalate; ? polypropylene;  Polyethylene; ¥ Polystyrene; ® Expanded polystyrene; ©
Polyvinyl chloride.
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Next, to reinforce the producer’s responsibility for recycling, the list of items (plastic products)
subject to the recycling cost of the manufactured plastic product shared by the producer is to be expanded.
Moreover, the producer’s responsibility can also be reinforced by improving the method of estimating
the recycling fulfillment rates. In the past, the values of fulfillment rate (D/C) calculated according to
the recycling amount (D) compared with the mandatory recycling amount (C) were relatively higher
than 100%, and D/C led to lower contributions paid by the producers. However, the values of improved
fulfillment rate (D/A) determined by the recycling amount (D) compared with the directly applied
manufacturing output (A) are relatively lower than existing values (referring to the comparison of
existing and improved fulfillment rate in Table 5), and D/A leads to increased contributions.

Table 5. Comparison of fulfillment rates of packaging recycling calculated from manufacturing output
(A) and mandatory recycling amount (C) [13].

Fulfillment Rate ?

. . Manufacturing Mandatory Ma.ndatory Recycling (wt.%)
Syl;ta}lit: ilxllesm Output (A) Recycling Rate (B) Recycling (ﬁmount Amount (D) . :
ging (Ton/Year) (Wt.%) © (Ton/Year) Existing Improved
(Ton/Year) D/C D/A
3)
PET * bottle (colorless 165,470 82 135,354 131,487 97.1 795
single material)
PET bottle (colered single 95,090 83 78,830 75,091 953 79.0
material)
PET bottleA(mlxed 13,431 82 10,987 13,369 1217 99.5
material)
Foamed synthetic resin
(exclucing EPS ) 33,859 81 27,324 32,133 117.6 99.5
EPS 9279 42 3925 5265 134.1 56.7
©O) (si i
PVC® (single or mixed 4389 73 3225 3209 99.5 73.1
material)
Other vessel, tray, etc. 241,799 83 201,418 233,731 116.0 96.7
Other film form (single or 308,567 65 201,184 319,481 158.8 103.5

mixed material)

() Mandatory recycling amount (C) = manufacturing output (A) x (mandatory recycling rate (B, set by the
government)/100); ? Value determining the sum of contribution (paid by a producer) relating to the producer’s
responsibility for the recycling of product discharged after use (% If the value does not exceed 100%, the producer
has to pay the contribution. Whereas, if exceeded, the g)roducer can receive support from the government.);
© Polyethylene terephthalate; ) Expanded polystyrene; ® Polyvinyl chloride.

4.2. Consumption Stage

The consumption stage focuses primarily on countermeasures to regulate disposable products and
packaging wastes generated during consumption. In an offline system, if the products are included in
the list of items currently subject to overpacking regulations, the producers are mandated to apply the
standards outlined in Table 6 before releasing the overpacked goods.

Table 6. Standard for overpacking regulations [13].

Standard

Applied Packagin
PP sing % of Packaging Space Number of Packaging

Below 15% (below 20% for
powdered coffee)

Processed food Less than two times

Food and drink Beverage Below 10% Less than two times
Alcoholic beverage Below 10% Less than two times
Confectionery Below 20% (below 35% for cake) Less than two times
Healthy food (Except when the o .
contents ;Zre less than l8)0 mL or 80 g) Below 15% Less than two times
. Products for quy and hair Below 15% Less than two times
Cosmetics cleansing
Other products Below 10% (except perfume) Less than two times
Detergent Below 15% Less than two times
Toys and dolls Below 35% Less than two times
General merchandise Stationery Below 30% Less than two times
Wallet, belt, etc. Below 30% Less than two times
Drugs Below 20% Less than two times

Clothing Below 10% Once
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For online products, new guidelines and legal standards on the prevention of overpacking are
needed for the transport-packaging materials used by online markets and parcel delivery companies.
Next, in case of disposable products, the primary focus was on reducing the usage of disposable cups.
Previously, the disposal cost of the disposable cup was shared by the consumer (of course, when it
was returned, the cost was refunded) through the Disposable Cup Deposit System promoted by the
brand and the coffee shop to recover disposable cups discharged out of the store. However, it was soon
abolished due to the following limitations: raising questions about effectiveness of the system due
to the low rate of return, opaque management of the disposal cost paid by a consumer, and absence
and controversy about the legal basis of this system. To solve these problems, a framework with
new a legal basis for the Disposable Cup Deposit System was established and additional measures,
such as expansion of public facilities, introduction of the unmanned collection box, and integrated
management of the disposal cost by a third public institution, were suggested. Additionally, disposable
cups are defined as regulated items (and will be phased out in the future), as well as plastic straws,
cotton swabs, stirrers, spoons, and bags.

4.3. Discharge Stage

The discharge stage is primarily focused on countermeasures to improve the separation rate
(the rate that recyclable waste is separated from contaminant or foreign substance) by the discharger
prior to discharge and strengthen the management of local government in the collection process.
To improve the separation rate, on-site inspections in each region are strengthened by evaluating
discharger’s activities by checking the condition of recyclable waste in the discharge stage. It
also ensures correct discharge procedure through guidelines (providing separation and discharge
methods, removal method of foreign substances, and list and standard of prohibited contaminant)
and government-led public relations. In the areas where waste collection is poorly done, a plan is
underway to provide a dedicated custodian and secure an exclusive collection site to store for a long
duration. Moreover, the role of local governments is strengthened significantly, unlike the existing
collection system that was dependent on private companies. For example, as shown in Figure 2, public
management is expanded to the recyclable plastic waste of an apartment in HT. In case of IT waste, the
role of local governments is strengthened sequentially from the general industrial plastic waste to the
construction type. This is expected to provide a quick response at the government level in the event of
problems with the collection system, such as the event (private companies refusing to collect) caused
by the ban on import of plastic waste by China, as mentioned in Section 3.2.

4.4. Recycling Stage

In the recycling stage, countermeasure priority is given to the guaranteed profitability of
the recycling industry, revitalization of the market demand of recycled products, government
support for commercialization of recycling technology, and securement of environmental stability
of recycled products. For approaching the four countermeasures, the following six measures have
been proposed. First, to stabilize the recycling market, an exclusive organization is formed to analyze
current trends in transboundary movement of plastic waste, changes in international price, and values
of recycled products (or plastic raw materials) in the domestic market. This is expected to ensure
the profitability of the recycling industry. Second, if there is a concern about the accumulation of
recycled plastic products or raw materials in the recycling market due to an international event,
such as the ban on import by China, domestic market recession, and demand chain problems
of recycled products, the government will purchase and store them by using the storage system.
Third, with a government’s initiative, the plastic waste generated in Korea should be reused or
recycled in the domestic recycling industry as a priority by strengthening import controls on the
transboundary movement of plastic waste, and related companies are encouraged to raise the output
of recycled products. Fourth, to increase the market demand of recycled products, the government
activates public projects that utilize recycled products and take preferential measures, such as reducing
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the amount of contributions paid by producers, for companies that use recycled products. Fifth,
the government encourages venture companies to develop and commercialize recycling technology
and comes up with a national mid- to long-term research and development (R&D) roadmap that leads
to the quality improvement of the recycled product or raw material. Sixth, the environmental stability
of recycled products can be ensured by using a strategic environmental assessment, which is a new
policy framework for effective waste management in Korea [23]; the concept of this framework pursues
important strategies toward waste reduction, preservation of landfill area, stabilization and removal of
hazardous substance in wastes, and optimal treatment for energy and material recovery from wastes.

5. Conclusions

Since the waste policy in Korea began with the Waste Control Act enacted in the 1980s, it was
followed by the RCA, including the concept of a circular economy and a resource efficiency policy,
established in 2016 and implemented in 2018. RCA is expected to conserve the environment by
reducing the use of natural resources and non-renewable energy sources and allow our society to
advance into a resource circulation society. Further, to realize this, the RCMP was also formed with
three main goals: reducing waste generation, increasing recycling rate, and reducing final disposal rate.
The entire process in RCMP is presented through the circulation system with four stages of production,
consumption, discharge, and recycling.

To achieve the goals of the RCMP, the current status of plastic waste can be a major hurdle. From the
status of plastic waste generation and disposal (landfill, incineration, recycling, etc.), two issues can
be identified. First, despite the annual increase in the manufacturing of plastic products, recycling
rates have recently been stagnant. Second, the recycling rates for HT plastic waste generated through
human activities are lower than those for industrial sites. Therefore, to address these issues, the PWCP
was established, following the concept of RCA and the basic framework of the RCMP (circulation
system with four stages), and it is expected to reduce more than 50% of the amount of plastic waste
generation and allow more than 70% of the generated plastic waste to be reused or recycled as raw
materials and recycled products via the recycling stage.

In the PWCP, the major problems that block the circulation system with production, consumption,
discharge, and recycling stages are identified; major problems include the design and manufacture
of difficult-to-recycle plastic products, overpacking, use of disposable products, high dependence on
private companies in the processes from discharge of waste to collection, transportation, recycling,
final disposal, and difficulty in maintaining profitability of the recycling industry. To address
these problems, the PWCP proposes countermeasures for each stage. Countermeasures in the
production stage include designing and manufacturing recycling-oriented products and strengthening
producers’ responsibility system. In the consumption stage, the countermeasure is to regulate
packaging and disposable products, and the discharge stage is to improve the separation rate of
the discharger prior to discharge and strengthen the management of local government. Finally, in
the recycling stage, countermeasures include ensuring the profitability of the recycling industry,
revitalizing market demand for recycled products, commercializing recycling technologies, and
securing environmental stability.
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