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Abstract: This study explores the importance of critical raw materials and minerals by analyzing
the Republic of Korea’s recent circular economy and resource security policy. Raw materials and
rare metals are becoming increasingly significant to the Korean economy because the country is
currently shifting away from fossil fuels and nuclear power towards renewable energy resources as
well as transforming its industries towards decarbonization, digitization, and automation. Korea is a
resource-poor country and is heavily dependent on imported minerals and rare earths, which are
essential for its economy and new industry. Responding to these challenges and concerns, Korea
is moving towards a sustainable circular economy and achieving greater resource security. Despite
certain limitations, this transition would ultimately contribute in preparing Korea for current and
future challenges in the areas of critical raw materials and minerals.
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1. Introduction

Today, we face global challenges concerning climate change, resource scarcity, the se-
curity of raw materials, population growth, and increasing consumption, all of which are
burdening the sustainable development of the Earth [1]. Overcoming this sustainability
crisis will require a paradigm shift to maintain economic prosperity and societal stability for
future generations. In particular, raw materials and rare metals are becoming increasingly
significant to our economies, their global demand is growing, and global competition
for accessing critical minerals and metals is becoming stronger. Moreover, due to tech-
nological innovation and the emergence of new technologies, countries are transforming
their industries towards decarbonization, digitization, and automation. As geological
deposits and production are geographically concentrated in a very small number of coun-
tries, securing reliable, sustainable, and undistorted access to them is a matter of growing
concern for highly dependent countries, which rely on the imports of critical raw materials
and minerals [2-4].

The Republic of Korea (Korea) is a resource-poor country and one of the largest energy
consumers worldwide [5]. Due to the lack of domestic raw materials, Korea is heavily
dependent on imported critical raw materials, which are essential for its main industries,
such as the production of steel, semiconductors, automobiles, and ships [6]. Korea is cur-
rently in a state of transition from fossil fuels and nuclear power towards renewable energy
sources. The government announced the “Renewable Energy 3020 Plan”, which aims to in-
crease the share of renewable energy in the energy sector by 20% by 2030 [7,8]. Furthermore,
Korea experiences industry transformation [9] in response to technological developments
such as autonomous driving, 3D printing, drones, and renewable energy, which are often
described as Industry 4.0 (or the 4th industrial revolution) [10].

In response to these challenges and concerns, Korea is moving towards a sustain-
able circular economy, thereby achieving greater resource security. Circular economy and
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resource security have become Korea’s environmental and resource policy priorities. Specif-
ically, Korea enacted the Framework Act on Resource Circulation (FARC), which came
into effect on 1 January 2018. To prescribe specific requirements delegated by the FARC
and the necessary conditions to enforce it, the FARC enforcement decree and rule were
enacted. Subsequently, the First Master Plan on Resource Circulation (Resource Circulation
Plan) was established for the transition towards a circular economy under Article 11 of the
FARC. Recently, Korea published the Master Plan on Resource Development (Resource
Development Plan).

The several problems to be resolved include the major challenges for Korea in the
raw materials and minerals sector, roles of critical raw materials or critical minerals in
Korea’s circular economy and resource security policy, and if Korea’s recent transition
towards circular economy and resource security can contribute in solving the current
challenges. To resolve these problems, this study employs an interdisciplinary approach
from legal and practical perspectives and explores the importance of critical raw materials
and minerals through an analysis of Korea's circular economy and resource security policy.
The remainder of this paper is presented as follows. We provide an overview of the current
status of Korea’s mineral resources and challenges as well as the classification of critical
minerals or critical mineral resources. We then analyze the recent developments in Korea’s
circular economy law and policy, including the First Master Plan on Resources Circulation
and the current direction of Korea’s resource policy and strategy described in the Master
Plan on Resources Development Plan. We also present a short assessment of renewable
energy and critical raw materials to show the interdependence between circular economy
and resource security. In conclusion, our study discusses important concerns and future
considerations.

2. Overview of Current Status of Korea’s Critical Mineral Resources and Challenges
2.1. Overview

The Korean peninsula is geographically divided into south and north, and it is the
storm center of Asia, surrounded by the conflicts of interests between China, Japan, Russia,
and the Democratic People’s Republic of Korea (North Korea). Korea’s major challenges
originate from China and Japan, being sandwiched between them. China has been re-
stricting its raw materials and rare earths exports and aggressively expanding resource
investments overseas. Japan, which is a leader in metal production and processing, has re-
stricted its raw material exports to Korea. Korea’s manufacturing industry suffers from
a lack of raw material resources and a weak supporting industry [11,12]. Most primary
raw materials are imported from China and refinery materials from Japan to supply its
industries and markets [11].

Korea has deposits of some nonmetallic minerals such as feldspar, limestone, siliceous
earth, quartz sand, sulfur, serpentine, talc, and zeolite; however, it has limited domestic
deposits of rare metals such as titanium, molybdenum, tungsten, tin, vanadium, and
lithium [11,13]. In contrast, it is established that North Korea possesses abundant under-
ground resources including coal, copper, fluorspar, gold, graphite, iron ore, lead, magne-
sium, rare earth elements, silver, tungsten, and zinc. However, North Korea has never
made its public reserves of natural resources or actual production volumes official [11,14].

Because of Korea’s heavy dependence on raw material imports and vulnerability to
the changes in external economic circumstances, Korea has made efforts to overcome this
by establishing comprehensive resource strategies, including securing overseas raw mate-
rial supplies, stockpiling reserves, technological innovation, and developing a recycling
industry [11]. Moreover, Korea explores the possibility of close resource cooperation and
participation in investing and developing North Korea’s natural resources [14].

The current dispute between Korea and Japan and the rare earth crisis in 2010 demon-
strate that the world’s dominant producers and suppliers, which hold large global market
shares in raw materials or rare earth elements, could use their dominance on these materials
as a political weapon to solve unrelated disputes [2]. China is the world’s largest producer,
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consumer, and exporter of rare earths, controlling 90% of the global supply base [15,16].
Owing to a territorial dispute between China and Japan, China disrupted the supply of
rare earths to Japan. Accordingly, together with the European Union (EU) and the United
States, Japan requested consultations under the World Trade Organization (WTO) Dispute
Settlement Understanding with China over export restrictions on rare earths [17].

The recent dispute between Korea and Japan resembled the rare earths crisis in 2010.
Japan restricted the exports of three kinds of critical materials (resists, hydrogen fluoride,
and fluorinated polyamide) used in Korea’s high-tech industry, such as semiconductors
and digital displays, by citing national security concerns regarding the mishandling of
sensitive exports [18]. Japan has a 70% to 90% global market share for these materials, and
the dependence of Korean companies on Japan is 94% in polyimide, 92% in resist, and
44% in etching gas [19], rendering it difficult for Korean tech giants, including Samsung
Electronics, SK Hynix, and LG Display to find alternatives [20]. Moreover, Japan removed
Korea from the white list of countries that receive preferential treatment on requirements
for importing sensitive Japanese goods. The new measure will lead to a stricter approval
process that could require Korean exporters to take extra administrative procedures to
secure export licenses. Consequently, tensions between the two countries were growing,
and they could jeopardize their long-standing trade partnership. In response to Japan’s
export restrictions, Korea requested consultations with Japan under the WTO Dispute
Settlement Understanding with respect to Japan's export restrictions [12,21].

2.2. Classification of Critical Minerals or Critical Raw Materials

The classification of raw materials or mineral resources can be different for countries
with different levels of economic development and natural resource endowment. Determin-
ing which minerals or metals are critical depends on the nature of the country’s industry,
national interests and security concerns, technology, and market changes. A standardized
definition of criticality is absent, which is a relative concept that explores the question of
“critical to whom?” [3,22].

Korea, the EU, the United States, Australia, and Japan recognize the economic im-
portance of critical raw materials and minerals and adopt different resource strategies.
They undertake a more strategic approach to ensure the security of supply of these critical
raw materials and minerals by making a list of critical raw materials or critical minerals,
as shown in Tables 1 and 2. The EU publishes a list of critical raw materials every three
years (14 materials in 2011, 20 materials in 2014, and 27 materials in 2017). It classifies 30
raw materials as critical in 2020 that have significant economic importance for the European
economy, high supply risk due to heavy import dependence, high concentration levels in
particular countries, and the lack of substitutes [23]. The United States identifies 35 critical
minerals that are essential to the economy and national security of the country, which are
subject to risk of supply disruption and serve an essential function in the manufacturing
of a product [24,25]. Australia is a resource-rich country, a relatively small consumer
of minerals, and one of the major exporters of minerals; it identifies 24 critical minerals
because they are deemed critical by many countries against Australia’s known geological
endowment [26]. Japan identifies 31 critical minerals [26].
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Table 1. List of Rare Metals/Critical Raw Materials/Critical Minerals.

South Korea (35) (2020)

E.U. (30) (2020)

U.S. (35) (2018)

Australia (24)

Japan (31) (2018)

(2019)
Antimony, Arsenic, Antlmony, Bar‘yte, Aluminum (bauxite), Antimony, A'ntlmony,
. ) Bauxite, Beryllium, . . f . . Beryllium, Carbon,
Barium, Beryllium, . Antimony, Arsenic, Barite, Beryllium, Bismuth,
. Bismuth Borate, Cobalt, ) . . Chrome, Cobalt,
Bismuth, Boron, . Beryllium, Bismuth, Chromium, Cobalt, .
. . Coking Coal, Fluorspar, g . . Copper, Fluorine,
Cadmium, Cesium, Gallivm. Germanium Cesium, Chromium, Gallium, Gallium
Chrome, Cobalt, Gallium, . ’ Cobalt, Fluorspar, Germanium, . g
. . Hafnium, Heavy Rare . . . . Germanium, Gold,
Germanium, Hafnium, . Gallium, Germanium, Graphite, Hafnium, .
Earth Elements, Indium, ! . . Indium, Lead,
Rare Earth Elements, Licht Rare Earth Graphite (natural), Helium, Indium, Lithiam
Indium, Lithium, Eleien t: Ei t}?ium Hafnium, Helium, Lithium, Ma nelsliu;n
Magnesium, Manganese, Ma nesiurln Natura;l Indium, Lithium, Magnesium, Ma%\ anese’
Molybdenum, Nickel, G?a hite I/\Ta tural Magnesium, Manganese, Manganese, Mol bg denur;1
Niobium, Platinum p o Niobium, Platinum group  Niobium, Platinum . Y .
Rubber, Niobium, Nickel, Niobium,
Group Metals, . metals, Potash, Rare earth group elements,
. Platinum Group Metals, . . PGM, Phosphorus,
Phosphorus, Rhenium, elements group, Rhenium, REE, Rhenium, .
. . Phosphate rock, L . . REE, Rhenium,
Selenium, Silicon, ! Rubidium, Scandium, Scandium, . .

. Phosphorus, Scandium, . .. Silver, Strontium,
Strontium, Tantalum, Strontium Strontium, Tantalum, Tantalum, Titanium, Tantalum. Tin
Tellurium, Thallium, . ’ Tellurium, Tin, Titanium, Tungsten, .. Lo
. ! Silicon metal, Tantalum, . . Titanium, Tungsten,

Titanium, Tin, Tungsten, . Tungsten, Uranium, Vanadium, . ;
. . ) Titanium, Tungsten, . . . . . Vanadium, Zinc,
Vanadium, Zirconium . Vanadium, Zirconium Zirconium . .
Vanadium Zirconium
Table 2. Table of Rare Metals in South Korea.
Rare Korea’s
Metals EU Us Australia  Japan Leading Producer(s) Import Major Sources (2019)
Reliance
1 Antimony Vv Vv Vv Vv China 100 China, Vietnam, Japan
2 Arsenic Vv China NA China, Germany, Japan
3 Barium Vv Vv China, India Almost 100 Japan, China, US.,
Germany
. Japan, U.S,,
4 Beryllium v v v v U.S. NA Netherlands
5 Bismuth Vv Vv Vv China NA Japan, China, Taiwan
Turkey, Kazakhstan, U.S., Turkey, China,
6 Boron Vv Chile 100 Japan
China, Korea, Japan,
7 Cadmium Mexico, Canada, NA U.S., Germany, Japan
Kazakhstan
8 Cesium Vv Canada 100 NA
. South Africa, .
9 Chromium v v vV Kazakhstan 100 China, U.S,, Japan
China, Japan, DRC,
10 Cobalt Vv Vv Vv Vv DRC 100 Australia
11 Gallium Vv Vv Vv Vv China 100 China, U.S., Japan
12 Germanium 4/ Vv Vv Vv China NA China, Canada, U.S.
13 Hafnium Vv v Vv us. 100 U.S., Japan, China
14 Indium Vv Vv Vv Vv China, South Korea NA China, J a[}}asn , Taiwan,
15 Lithium Ni Vi &?ﬁgakiggriifa 100 Chile, China, Argentina
16 Magnesium Vv Vv Vv Vv China 100 China, Japan, Russia
South Africa, . .
17 Manganese v Vv Vv Australia, Gabon, 100 Australia, South Africa,

China

Japan
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Table 2. Cont.

Rare Korea’s
EU Us Australia  Japan Leading Producer(s) Import Major Sources (2019)
Metals ;
Reliance
China, Chile, U.S., Chile, Mexico, U.S.,
18 Molybdenum v Peru, Mexico, Russia Almost 100 China
Philippines, Canada, .
19 Nickel v Russia, Australia, New 100 New Cal.edoma, Japan,
. Finland
Caledonia
Ly . China, Germany,
20 Niobium v V v Vv Brazil 100 Canada, Austria
U.S., Morocco,
21 Phosphorus Vv Vv Western Sahara, China, 100 Vietnam, Japan, China
Russia
Platinum-
22 group Vv Vv Vv Vv South Africa, Russia 100 NA
elements
Rare-earth . . China, Japan, France,
23 clements Vv Vv Vv Vv China, Australia 100 Taiwan
. . China, UK., U.S,,
24 Rhenium v Vv Vv China, Poland, U.S. NA Singapore
25 Selenium Japan, Canada, U.S. NA Japan, Germany, China
. China, Russia, . .
26 Silicon v Norway, US. NA China, Australia, Japan
. Spain, Mexico, China, Germany, Mexico,
27 Strontium v v Vv Iran 100 Spain
28 Tantalum Vv Vv Vv Vv DRC, Rwanda, Nigeria NA U.S., Japan, China
29 Tellurium Vv China, Japan, Russia NA Japan, China, Canada
30 Thallium Japan, China, U.S.
.. South Africa, China, .
31 Titanium Vv Vv Vv Vv Canada, Australia NA Japan, China, U.S.
. China, Indonesia, Indonesia, Malaysia,
32 Tin v v Burma NA Japan, Thailand
33 Tungsten Vv 4 Vv Vv China NA China, Japan, Bolivia
34 Vanadium v Vv vV v China, ilfl;scl:, South 100 China, Brazil, Taiwan
. . Australia, South U.S., Japan, South
3% Zirconium % % 4 Africa, China 100 Africa

Sources: Korea Institute of Geoscience and Mineral Resources (KIGAM), Korea Resources Corporation (KORES), U.S. Geological Survey
(USGS). Note: NA: Not available, DRC: Democratic Republic of Congo.

Compared to the EU, the United States, and Australia, Korea has not established an
official list of critical raw materials or critical minerals at the national level. However,
Korea classifies minerals as legal, strategic, or rare metals. Specifically, the Mining Industry
Act, which is the legislation governing the mining industry, classifies 59 minerals as legal
for exploration and extraction purposes. At the national level, Korea set six strategic
minerals: bituminous coal, uranium, iron ore, copper, zinc, and nickel, and recently,
rare earths and lithium have been added. The National Program on Overseas Resources
Development publishes strategic minerals based on high national demand for industry and
high import dependence. Strategic minerals play a substantial role in the development of
the national economy and the security of the nation. In addition, Korea has state-run reserve
management and stockpiling of critical raw materials at the national level. The Ministry
of Trade, Industry, and Energy (MOTIE) is primarily responsible for Korea’s mineral laws
and policies. Under the MOTIE, the state-owned Korea Resources Corporation plays a
central role in the practical implementation of the raw materials concepts and strategies of
the government and is also the most important promoter of foreign investment in overseas
resource development [6,27].
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Rare metals have been called the “vitamins of industry,” and they are becoming “the
lifeline of industry” owing to their importance in the industry. However, there is no
standardized definition for the term “rare metal,” and there is no consensus as to which
elements it pertains [28]. In Korea, rare metals are apparently defined as the metals that
are rare in the earth crust and are difficult to extract from ore; demand for rare metals
has been on the increase as ore-deposits and productions are located only in a handful
of countries, and materials are at a risk of supply disruption due to the dependence on
imports from a particular country [10,28,29]. In Korea, the term “rare metal” is often used
to refer to 35 metals, including antimony, arsenic, barium, beryllium, bismuth, boron,
cadmium, cesium, chromium, cobalt, gallium, germanium, hafnium, indium, lithium,
magnesium, manganese, molybdenum, nickel, niobium, platinum-group elements (PGMs),
phosphorus, rare earth elements (REEs), rhenium, selenium, silicon, strontium, tantalum,
tellurium, thallium, titanium, tin, tungsten, vanadium, zirconium [10,29]. Among these
metals, rare metals such as lithium, nickel, REEs, cobalt, and molybdenum are becoming
critical minerals because of the high demand for the 4th industrial revolution [30]. Korea’s
REEs include 15 lanthanide series elements, as well as yttrium and scandium [10]. Table 2
shows that Korea’s rare metals such as cobalt, gallium, lithium, magnesium, indium,
niobium, REEs, PGMs, tungsten, and vanadium are commonly deemed critical by the
EU, the United States, Australia, and Japan. In addition, it shows that China is a leading
producer of 17 rare metals, and Korea is highly reliant on rare metals imports, primarily
from China and Japan because they are a major producer or supplier and Korea has close
geographical proximity.

Countries can consider the list of critical raw materials as a realistic tool for supporting
their policy development when negotiating trade agreements, eliminating trade distor-
tions, identifying investment needs, or guiding research and innovation on new mining
technologies, substitution, or recycling for the circular economy. In this regard, developing
their own specific list of critical raw materials or critical minerals could be an efficient way
to reduce import dependency and strengthen the diversity and security of the supply of
critical mineral raw materials [23,30].

3. Recent Developments of Korea’s Circular Economy Law and Policy
3.1. The Framework Act on Resources Circulation

Korea has been shifting progressively from a pure waste management approach in the
mid-1980s to the 3Rs (reduce, reuse, and recycle) approach in the 1990s and, subsequently, to a
circularity of resources approach in the 2000s. As waste becomes a valuable resource, Korea
moves towards a sustainable resource-circulating society [31,32]. As Figure 1 shows, Korea has
extensive waste legislation, and particularly, the Act on the Resource Circulation of Electrical
and Electronic Equipment and Vehicles (EEEV Act) was the first legal instrument to contribute
in advancing the circular economy. To develop as an efficient resource-circulating society, Korea
enacted the FARC, along with subordinate laws for its enforcement.

Framework Legislation
Framework Act on Resource ‘Waste Management Act
Circulation (2016) (1986)

Act on Encouragement of Purchase of
Green Products (2004)

Act on Resource Saving and
Recycling Promotion (1992)

Legislation Specific Waste Types Relevant Legislations
Energy Act (2006)

Act on Management and Use of Livestock Excreta
(2006)

Nuclear Safety Act (2011)

Marine Environment Management Act (2007)
Framework Act on Environmental Policy (2012)

New and Renewable Energy Act (2004)

Act on Registration, Evaluation, etc. of Chemicals (2016)

J

Construction Waste Recycling Promotion Act
(2005)

* Act on Resource Circulation of Electrical,
Electronic Equipment and Vehicles (2008)
Act on Waste Treatment Facilities Promotion and
Support Surrounding Area (1995)

Act on Transboundary Movement and Treatment of
Waste (1992)

Figure 1. South Korea’s Waste Legislation.
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The primary purpose of the FARC is to control waste generation with efficient use of
resources and promote the circular use and proper disposal of waste, thereby minimizing
natural resources and energy exploitation, preserving the environment, and achieving a
sustainable resource-circulating society [33]. Through the FARC, Korea aims to shift from
a pure waste management approach towards a new paradigm, emphasizing a resource-
circulating society [34].

The FARC defines crucial terms such as “resource-circulating society” and “circular
resource.” The term “circular resource” has been explicitly defined in the FARC as “among
wastes, substances, or articles recognized by the Ministry of Environment pursuant to
Article 9 other than wastes.” The enforcement decree specifies the criteria for recognition
of circular resources and methods for identifying circular resources. The Ministry of
Environment retains the right to grant or refuse the circular resources recognition [33].
When waste turns into a valuable circular resource, then circular resources will no longer be
subject to waste regulations due to the end-of-waste status. The term “resource-circulating
society” is clearly defined as “a society in which its members minimize the use of natural
resources by endeavoring together to reduce waste generation in their lives or industrial
activities and use the generated wastes as raw materials or energy to the maximum extent
possible.” Here, “members” apparently include state, local governments, business entities,
and citizens [33]. The definition of “resource-circulating society” addresses the role of
waste-to-energy in the resource-circulating society but does not specifically elaborate on
the FARC provisions.

The FARC establishes a waste hierarchy, allocates responsibilities to key actors, and
requires setting quantitative targets and measures to support resource circulation, including
waste disposal charges [33]. The FARC specifies the waste management prioritization
based on the waste hierarchy: the minimization of waste generation through efficient
use of resources, circular use of waste, and disposal of the generated waste according
to the priority order of reuse, reclamation, energy recovery from waste, and appropriate
disposal. In the case of waste disposal, the environmental or human health impact and
damage should be considered [33]. Specifically, the FARC reflects concerns over hazardous
chemicals by stating that “the Ministry of Environment may assess hazards and circular
utilization for any of the products that are: (1) suspected of being harmful to human health
and the environment because they contain any substances, such as air pollutants or toxic
chemicals, under specific laws, such as the Clean Air Conservation or Chemicals Control
Acts; and (2) suspected of not being circularly used when they become wastes” [33].

The Ministry of Environment undertakes primary responsibility for the policy and
legal framework for waste acts at the central level. Under the FARC, the Ministry of
Environment can impose waste disposal charges on waste dischargers who dispose of
waste through landfilling or incineration despite the possibility of circular use of waste.
Moreover, the ministry can set concrete measures and quantitative targets, such as long
and mid-term targets for waste reduction, terminal waste disposal rates, and rates of
recycling and energy recovery from waste, to assess the progress and effectiveness of a
resource-circulating society [33].

Notably, the FARC integrates other relevant acts and moves toward a resource-
circulating society. For example, regarding concerns over hazardous chemicals, the FARC
has links with other environmental acts, such as the Clean Air Conservation Act and
Chemicals Control Act. Regarding waste disposal charges, the FARC incorporates the
Waste Management Act (1986) and Act on Promotion of the Saving and Recycling of Re-
sources (1992). However, the FARC does not explicitly incorporate the EEEV Act with
respect to recycling or recovery of raw materials. This act is particularly important because
electric and electronic equipment often consist of numerous precious and rare metals, and
the recycling of these raw materials can provide a significant economic opportunity [35].
In addition, improper recovery of electronic waste can cause the loss of valuable resources
and significant environmental impacts because of the presence of hazardous materials [36].
Moreover, the FARC does not specifically address concrete actions, strategies, measures,
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and targets to achieve a resource-circulating society, and, they are specifically addressed in
the Resource Circulation Plan. Evidently, the FARC focuses on improving waste manage-
ment by clarifying the legal status between waste and circular resources and strengthening
the waste hierarchy.

3.2. First Master Plan on Resource Circulation (2018-2027)

Korea published the Resource Circulation Plan to implement medium- and long-
term policies towards a sustainable circular economy, where the role of waste-to-energy,
renewable energy waste, and critical raw materials recovery are specifically addressed.
The Resource Circulation Plan was proposed for a ten-year period from 2018 to 2027 under
Article 11 of the FARC and covers the entire life cycle of a product, from production to
consumption, waste management, and from waste to resources by reclamation [37].

Overall, at the production stage, the design of a product from the beginning of a
product’s life is considered the resource circulation. Products should be made easier to
recycle (e.g., packaging, electric, and electronic products). To promote eco-efficient re-
source consumption, single-use plastic bags should be banned, the use of unnecessary
packaging should be minimized, and the increasing amount of per capita waste generated
should be reduced. Regarding waste management, the innovation of the waste disposal,
collection, and sorting system and zero direct landfills need to be established to promote
recycling. In addition, waste treatment facilities should be improved. The reclamation
stage particularly emphasizes the recycling of renewable energy wastes including modules,
batteries, and solar photovoltaic (PV). These renewable energy wastes are considered a high
value-added industry for the future, and the recovery of strategic rare metals, including
lithium, titanium, tantalum, and REEs is important, because Korea is heavily dependent
on imports for metals (99%) and rare earth metals (approximately 100%) [38]. With respect
to electrical and electronic equipment and vehicles waste, Korea will strengthen extended
producer responsibility programs by gradually enlarging the scope of the extended pro-
ducer responsibility items. Several measures and systems have been adopted to promote
recovery and technology development and resource recycling. Korea aims to raise the
recycling target amount of electrical and electronic products per capita to the EU level (6.0
kg — 8.0-8.8 kg) [38].

Through the Resource Circulation Plan, Korea recognizes the importance of efficient
waste-to-energy and the use of renewable energy sources to move towards a zero-waste
society, particularly at the reclamation stage. Specifically, “zero waste” is defined by the
Zero Waste International Alliance as “the conservation of all resources by means of respon-
sible production, consumption, reuse, and recovery of products, packaging, and materials
without burning and with no discharges to land, water, or air that threaten the environment
or human health” [39]. “Zero waste” supports waste prevention, reuse, and recycling.
Within this context, it appears that waste-to-energy directly contradicts with “zero waste,”
which is the diversion of waste from incineration and landfill [40]. Nevertheless, it may
not be possible and practical for Korea to restrict the application of waste-to-energy un-
der current circumstances. Because Korea is a relatively small and low-resource country
heavily dependent on raw material imports, it is increasingly difficult to find landfill sites.
The Resource Circulation Plan suggests that Korea will improve environmental safety and
consider public acceptance for solid refuse fuel (SRF). It specifies that waste-to-energy will
be implemented to maximize the circular economy’s contribution in reducing greenhouse
gas emissions and increasing energy from waste-to-energy operation. Waste-to-energy
and bioenergy are important sources of renewable energy, contributing 67% and 24.9%,
respectively, in 2014 [41,42]. Waste-to-energy consists of waste gas, industrial waste, living
waste, SRE, cement kiln fuel, and refinery fuel oil, whereas bioresources consist of biogas,
wood chips, wood pellets, black liquor, sewage solid fuel, and bio-SRF [42]. Recently, Korea
amended the Renewable Energy Act to provide a clearer definition of renewable energy,
which came into effect in October 2019. It clarifies the bioenergy scope and excludes nonre-
newable waste, such as SRF, from renewable energy resources [43]. SRF was considered
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the most viable solution for renewable energy sources for a long time but now turned into
polluters that threaten public health by emitting pollutants in the process of converting
waste to energy.

Furthermore, the Resource Circulation Plan sets concrete measures, medium and long-
term policy objectives, and directions for matters concerning to efficiently use resources, to
reduce waste generation, and facilitate circular utilization. It specifically sets targets for
the reduction of waste generation to 20%, circular utilization rates from 70.3% to 82% by
recycling packaging waste and electronic waste, terminal waste disposal rates from 9.1%
to 3.0%, and energy recovery rates from 16.3% to 20.3% by biogas [38]. Throughout the
Resource Circulation Plan, Korea acknowledges the trend changes, such as consumption
patterns due to improved living standards, highly energy-intensive industry, energy transi-
tion from fossil fuels to renewable energy, increasing electronic waste generation due to the
4th industrial revolution, strengthened regulation for waste and harmful materials, and
high competition for critical raw materials.

4. Towards Achieving Greater Resource Security: The Master Plan on Resource
Development (2020-2029)

There is no valid comprehensive Korean resource law or raw materials law to cover
diverse resource policies, including domestic and overseas resource development, resource
security, stockpiling, and efficient resource management. Resource security has always
been important but is now becoming a leading rationale for Korea’s resource policy, and the
formulation of a resource security law is critical concerning its resource security strategy.
The existing Framework Act on Low Carbon and Green Growth and Energy Act primarily
focus on climate change, energy security, and energy transition in a low-carbon fashion
by emphasizing energy efficiency, reducing greenhouse gas emissions, and increasing the
renewable energy share. They emphasize the efficient use of energy resources rather than
the security of supply of critical raw materials and minerals.

Over the last decades, Korea’s resource policy has focused on exploration, production,
and development of overseas resources. State-owned and state-controlled enterprises
such as the Korea National Oil Corporation (KNOC), Korea Gas Corporation (KOGAS),
and Korea Resources Corporation (KORES) have played a central role in the practical
implementation of the Korean government’s overseas resource policies and strategies [6].
The National Program on Overseas Resource Development was formulated for a ten-year
period every three years. Since the establishment of the first national program on overseas
resource development in 2001, it has emphasized oil, gas, and eight strategic minerals
(bituminous coal, uranium, iron ore, copper, zinc, nickel, rare earths, and lithium) and their
self-sufficiency rate and projections [44].

Korea currently sets up a comprehensive resource policy, and the security of the supply
of critical raw materials has become a high priority due to its high import dependence.
Resource security has become a new paradigm for Korea’s resource policy. The Resource
Development Plan combines the 6th National Program on Overseas Resource Development
with the 3rd National Program on Submarine Mineral Resource Development to establish a
comprehensive domestic and overseas resource development plan. Through the Resource
Development Plan, Korea has made efforts to reinforce its resource security to respond to
the changes in the international resources market and domestic industrial environment.
The Resources Development Plan aims to develop a solid resource security that supports
the national economy. The main driving strategies include revitalizing the resources
development industry, proactive responses to the changes in the energy and resources
environment, and policy shift from resource development to resource security [30].

Notably, the focus of the Resource Development Plan shifts from securing strategic
minerals to securing critical minerals for new industry demands. Under this plan, the list of
“critical minerals” and comprehensive roadmap for stockpiling of critical minerals will be
established. Overseas resource development will focus on stable access to critical minerals,
such as lithium, cobalt, and REEs [30,45]. Further, the Plan acknowledges the importance
of recycling raw materials for sustainable raw material security. In this regard, Korea will
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expand domestic urban mining and create an infrastructure to establish overseas urban
mining [30].

Regarding a policy shift from resource development to resource security, Korea will
establish a comprehensive system and process to check the national resource security
situation. Specifically, it will develop “National Resource Security Indicators” consider-
ing various factors encompassing resource development, stockpiling, infrastructure, and
transportation. Moreover, it will propose an action plan for the mid- to long-term resource
security roadmap and formulate the “Resource security Act” (tentative). In line with the
energy transition and the 4th industrial revolution, a resource strategy for securing stable
critical raw materials and minerals will be established based on the potential demand
for raw materials and minerals. Strategies include encouraging private entities to invest
in overseas resource development, enlarging direct imports for domestic use by provid-
ing incentives, and expanding the stockpiling of critical minerals to meet new industry
demands [30].

Nevertheless, the Resource Development Plan has certain limitations. The plan does
not sufficiently emphasize the importance of strategic minerals and concrete resource
development strategies and targets. Critical energy resources and non-energy raw materials
should receive full attention in the plan. In addition, the possibility of resuming domestic
resource development of critical raw materials is not illustrated. In this regard, the Mining
Industry Act should be integrated with the “Resource Security Act” to cover domestic
resource developments.

5. Renewable Energy and Critical Raw Materials

The management of renewable energy waste and recovery of raw materials play a key
role in the circular economy and resource security. Solar PV, wind power, and hydrogen
power are on the verge of rapid expansion, particularly due to the current “Renewable
Energy 3020 Plan” to increase the renewable energy share in the power sector to 20% by
2030. Furthermore, the Korean government has announced a draft of Korea’s Third Energy
Master Plan, which proposes to expand the share of renewable energy sources, especially
solar, wind, and hydrogen power, to 30-35% by 2040 [46]. Accordingly, several types of
renewable energy wastes, including solar PV and wind turbines, are expected to grow in
the coming years.

Until recently, Korea has not established any measures, systems, or legal instruments
to address the recycling of anticipated waste, including solar PV, wind turbines, and
electric vehicle batteries. Solar PV waste was classified as industrial waste; PV module
operation was not monitored, and the generation of waste from past PV installations
was not calculated [47]. In this regard, the Korean government proposed to amend the
Enforcement Decree to the EEEV Act by classifying solar PV panels as an extended producer
responsibility (EPR) item, making solar panel manufacturers and importers responsible for
collection and recycling [48]. Under the Enforcement Decree to EEEV Act, the EPR target
items had been expanded from 10 to 27 items and recently proposed to enlarge the scope
of EPR items to 50 items. Similarly, the amended EU directive on electrical and electronic
equipment waste (WEEE Directive 2012/19 EU) enlarged the scope to include photovoltaic
panels to Annex II category 4. EU PV companies have become responsible for the proper
collection, reuse, or recycling and disposal of PV modules they sell. However, the EU
WEEE Directive did not include the wind turbines in the amendments but made proposals
to limit the discarding of wind turbine blades in landfills [49].

Critical raw materials, which are often in electronic devices, are a central element in
the circular economy package and are ideal candidates for a circular economy. Critical raw
materials are intrinsically linked to all industries across all supply chain stages, particularly
for high-tech products and emerging innovations—technological progress [50]. Compared
to fossil fuels or food, they are not consumed, eternally recyclable, and they do not lose
their intrinsic properties during recycling [36]. In particular, renewable energy technologies,
such as wind and solar PV energy, rely on various critical raw materials. Currently, two
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types of solar PVs are used: crystalline silicon and thin-film [51]. Due to the toxicity of
cadmium, Korea mainly uses crystalline silicon, which has a market share of approximately
90% [51]. Furthermore, solar panel manufacturers use silicon metal, a raw material, to
manufacture polysilicon. Polysilicon is the core material of solar panels, and Korea is
highly dependent on China to secure 80% of silicon metal [52]. Unlike the EU, Korea does
not classify silicon metal as a rare metal even if there is a high supply risk due to heavy
import dependence. In contrast, the EU uses thin-film solar cells consisting of two types:
cadmium telluride and copper indium gallium selenide. EU solar PV manufacturers use
critical raw materials such as tellurium, gallium, and indium to produce thin-film solar
cells. The EU’s dependency on China for indium and gallium is very high, at 58% and 69%,
respectively [53]. The EU includes indium and gallium in the list of critical raw materials.
Regarding wind power, there are two types of offshore wind energy technologies:
hybrid systems that combine a gearbox with permanent magnets and direct-drive tech-
nologies that eliminate the gearbox. To produce permanent magnets for the generators,
the rare earths neodymium and dysprosium are used [53]. China is a dominant producer
of neodymium and dysprosium, and the wind industry is heavily reliant on China [53].
As the demand for these materials is expected to rise, there are efforts to develop alternative
technologies that use less neodymium and dysprosium, replace permanent magnets or
reclaim neodymium and dysprosium [53]. Although several critical raw materials have
high technical and real economic recycling potential and there is encouragement from gov-
ernments to move towards a circular economy, the recycling input rate of these materials is
generally low because of the complexity of recycling. Developing a specific policy for the
eco-design of wind turbines for easier recycling and innovative actions for efficient use of
these materials in wind and PV energy technologies are required for future action [50].

6. Conclusions

This study analyzed Korea’s current policy on the circular economy and resource secu-
rity and recognized the importance of managing critical raw materials and minerals for its
continuous economic growth. It was observed that circular economy and resource security
should not be treated as distinct areas, and, instead, both concepts should be considered
together to manage critical raw materials and minerals. Securing a stable and sustainable
supply of critical raw materials is crucial for resource security. The recycling and recovery
of critical raw materials from waste streams, particularly electronic devices, batteries, and
end-of-life products, are efficient means for securing them, thereby strengthening resource
security using secondary raw materials for Korea, which is heavily dependent on imports
for minerals and rare earths. The COVID-19 crisis gave countries a comprehensible lesson
to reduce dependency and strengthen diversity and security of supply of raw materials.
A transition towards circular economy and resource security would ultimately contribute to
the development of a sustainable, low-carbon, resource-efficient, and competitive economy.

To this end, Korea’s new resource policy should comprehensively incorporate circular
economy into resource security policy. Furthermore, the current term “rare metal” and its
definition should be clearly redefined and modernized. In drafting the official list of critical
minerals, Korea’s specific circumstances, such as economic, geological, technological, geo-
political, environmental, and social factors to determine criticality should be considered,
and the list should be assessed and updated regularly to reflect the changing circumstances.
A monitoring system covering the entire lifecycle of critical minerals, together with the
list of critical minerals, should be established to assess the progress and identify success
factors. To facilitate the transition to an improved circular economy and resource security,
the EPR scope should be expanded to cover estimated wastes for the efficient management
of critical raw materials. Resource security policy measures should include consistent
and uniform stockpiling as a short-term strategy and domestic and overseas resource
development as a long-term strategy. In parallel with these strategies, Korea should
promote the diversification of suppliers and the supply chain of critical minerals outside
China and Japan to reduce its exposure to supply risks.
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Furthermore, a tentative Korean resource security law should acknowledge the re-
source efficiency and sustainable supply of raw materials and metals. It should consolidate
the global market for raw materials and minerals, domestic and overseas development,
urban mining (e.g., recycling and recovery of critical raw materials), and national security
through stockpiling reserves and enhancing economic cooperation with North Korea. The
Resources Circulation Plan and Resource Development Plan clearly demonstrate that Korea
has proactively undertaken substantial steps and strategies to prepare for future challenges
in the areas of critical raw materials or critical minerals.
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