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Abstract: South Korea has made remarkable progress in food waste recycling through efficient
policies. Around 30% of total waste is food waste, with over 90% of it effectively separated and
collected. Challenges remain in optimizing biogas production and utilizing food waste for animal
feed. The Volume-Based Waste Fee system, initiated in 1995, reduced waste and promoted recycling.
In 2005, the ban on direct food waste landfilling further encouraged separation and proper disposal.
The Master Plan for Reducing Food Wastes, launched in 2010, led to the nationwide implementation
of the Weight-Based Food Waste Fee (WBFWF) system in 2013. Drawing inspiration from Japan’s
policies and strengthening them with the WBFWF system, South Korea has evolved its food waste
management. It also adapted European policies to enhance its regulations. This review provides a
valuable waste management framework for countries seeking to improve their recycling and resource
utilization initiatives.

Keywords: food waste; animal feed; recycling; resource recovery; Weight-Based Food Waste Fee
system; South Korea

1. Introduction

The Sustainable Development Goals (SDGs) are gaining global attention amid worries
regarding food resource security and environmental pollution stemming from the expan-
sion of the global economy and population growth. This underscores the significance of the
circular economy concept, aimed at optimizing resources and reducing waste. The UN’s
Sustainable Development Goal (SDG) 12.3 addresses the serious social and environmental
impacts of food loss and waste due to indiscriminate consumption [1]. According to the
United Nations Environment Program (UNEP) Food Waste Index, 1.3 billion tons of food
is lost or wasted worldwide every year. Also, the Intergovernmental Panel on Climate
Change (IPCC) indicated that the greatest contributor to global warming is anthropological
CO2 emissions, and emphasized the urgent need to limit them worldwide [2,3]. In 2015,
in response to the climate change crisis, the United Nations Climate Change Conference
urged that carbon neutrality should be realized by 2050 [4]. Tonini et al. [5] emphasized that
one of the major contributors to global warming is food waste generated in the household
and food-service sectors. The disposal of food waste in landfills is a primary factor that
adversely affects greenhouse gas emissions due to the production of methane through
anaerobic decomposition [6–8].

In 1995, South Korea introduced a waste management system known as the Volume-
Based Waste Fee (VBWF) policy, which is based on the ‘pay-as-you-throw-principle’,
wherein fees are determined based on the quantity of waste disposed of through the
sale of required standard garbage bags. This policy has been considered to be an effective
method for measuring the amount of generated waste and managing waste collection and
treatment processes [9–13]. However, the policy did not focus on the differentiation of food
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waste from general waste, leading to approximately 30% of food waste being mixed into
VBWF garbage disposal bags [14]. During the disposal process, the decomposition of these
organic materials (e.g., direct landfilling without separating household non-food waste
from food waste) resulted in the emission of unpleasant odors, and the liquid portion from
these wastes seeped into the adjacent soil, leading to contamination of the landfills and the
surrounding areas [15].

A committee located near the landfills initiated efforts to prevent wet food waste from
entering these sites in November 1996. They strictly prohibited any moisture-laden garbage
disposal bags, whether from their contents or contamination in garbage vehicles. As part
of these efforts, municipalities across the region and the nation adopted measures for food
waste reduction, including the Comprehensive Food Waste Plan in December 1996 and the
Basic Plan for Food Waste Resource Utilization in September 1998 [16].

In addition to these measures, cities nationwide implemented a ban on the direct
burial of food waste in landfills, commencing in January 2005 [15]. The Master Plan
for Reducing Food Wastes was introduced in 2010 to facilitate the implementation of a
comprehensive Weight-Based Food Wastes Fee (WBFWF) system, which was subsequently
enforced nationwide in 2013. This food waste disposal system has evolved to include
standard bags, adhesive stickers, and radio frequency identification (RFID)-based weight
measurement methods [17].

This review introduces the historical trajectory of waste management policies in South
Korea, shedding light on how management systems for food waste have evolved alongside
policy shifts. In addition, the method and current status of food waste treatment were
addressed and an effective strategy for sustainable waste management was presented.
Specifically, we describe the following: (1) the effectiveness of establishing a management
system according to changes in food waste disposal policies; (2) the WBFWF method
as a successful case of food waste management and recycling being applied in the field;
(3) the resource utilization of food waste in South Korea; and (4) the methods of resource
utilization including composting, animal feed, and biogas production. The purpose of this
review is to provide a comprehensive analysis of the history of food-waste management
policies in South Korea which can serve as a framework for developing effective policies in
other countries.

2. Methodology

This paper provides a description and review of relevant information related to South
Korea’s waste policies, focusing on the historical background, food waste-related policies
and methods, and the current state of food waste management. Additionally, it conducts a
review of the utilization and status of food waste. The methodology involves analyzing
environmental reports, waste management statistics, relevant legislations, and scholarly
articles. It outlines significant policy changes and their present status, and aims to present
an effective framework for efficient food waste management strategies applicable to other
countries.

3. Waste Management Acts and Policies in South Korea

The policies established by the Ministry of Environment regarding food waste in South
Korea can be categorized as follows: (1) the introduction of a Weight-Based Food Wastes
Fee (WBFWF) system, and (2) policies for the resource recovery of food waste.

3.1. Changes in Acts and Policies by Era

The development of waste management systems in South Korea can be divided
into four periods: The Filth Cleaning Act (1961–1977), Environmental Conservation Act
(1978–1986), Waste Management Act (1986–1992), and Division (1993–present) [18]. A
summary of the chronological changes in South Korea’s legislation and policy development
related to waste management is shown in Figure 1.
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3.1.1. Filth Cleaning Act (1961–1977)

In the 1960s and 1970s, the Filth Cleaning Act was established in South Korea, which
was intended to focus on waste management using the concept of cleaning. During this
period, there was a significant shift from the previous focus on waste and sewage treatment
to regulations mandating the cleaning of industrial waste by businesses. This has alleviated
environmental problems caused by urbanization and the burden of waste disposal on local
governments [19]. In this act, “garbage” included solid waste, ash, sludge, manure, and
animal residue. The owners of land or buildings within the cleaning zone were obliged to
clean up the garbage on their premises, and the garbage that was difficult for individuals to
manage was collected and disposed by the district, city, or county. In addition, provisions
were made to prohibit the illegal dumping of garbage, implement comprehensive cleaning
measures, and impose penalties [20]. The act of dumping waste in other public areas such
as sewers, parks, port areas, rivers, etc., has been revised to impose penalties of up to
6 months of imprisonment or fines of up to 0.3 million won [21].

3.1.2. Environmental Conservation Act (1978–1986)

With an increase in social interest regarding the environment, the Environmental
Conservation Act was enacted in 1978. This Act initiated an environmental management
system that emphasized the need to establish environmental standards, implement environ-
mental impact assessments, and create environmental technology review committees [22].
Environmental standards were established for air and water quality, stipulating that the
concentration of sulfur dioxide (SO2) in air should be managed to not exceed 0.05 ppm.
Water quality was categorized based on various living environments, ranked as Grades
1, 2, 3, and 4 for drinking, industrial, agricultural, and aquatic waters, respectively. The
management criteria were defined using various measures, such as pH, chemical oxygen
demand (COD; mg/L), biochemical oxygen demand (BOD; mg/L), dissolved oxygen (DO;
mg/L), and the most probable number (MPN/100 mL) of coliform bacteria [23].

In response to the escalating pollution problems resulting from industrial and societal
advancement, the Environmental Agency was established in 1980 [24]. This agency has a
comprehensive range of responsibilities, including addressing air and water pollution, ve-
hicular emissions, waste management, soil contamination, marine pollution, environmental
impact assessments, and ecological surveys [18].

3.1.3. Waste Management Act (1986–1992)

The Waste Management Act was enacted in 1986, and integrated the Filth Cleaning
and Environmental Conservation Acts to introduce and include the concept of recycling.
The Filth Cleaning Act focused primarily on the regulations related to the disposal of waste
and sewage, whereas the Environmental Conservation Act aimed to address air and water
pollution resulting from industrialization. However, this did not explicitly represent the
fundamental objective of waste management. The amended Waste Management Act of
1991 defined the responsibilities of the national government and local authorities, based
on a new waste classification system. Waste was classified into two categories based on
the type of disposal facility: household and business wastes. Business waste was further
divided and managed according to the standards of the emission facilities (e.g., air and
water quality and noise). Household waste was defined as waste other than business
waste [18].

3.1.4. Division (1993–Present)

From 1993 to present, the era of division laws and more detailed management ap-
proaches are being developed. The first policies on food waste were introduced during this
period. Since 1998, there has been extensive discussion regarding the disposal of food waste,
culminating in the formulation of the Basic Plan for Reducing Food Waste and Resources
(1998–2002). This policy was implemented by delineating roles among key stakeholders at
each stage of production, distribution, and consumption. In addition, the composting and
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conversion of food waste into animal feed were promoted through the resource conversion
plan [25].

In 2005, a law prohibiting the direct landfilling of food waste was enacted, and in
2013, the WBFWF policy was introduced. Comprehensive food waste measures during the
years of 2004 to 2007 focused on establishing a food waste management infrastructure and
improving the operation of food waste treatment facilities. Food conversion improvement
and comprehensive food waste measures for 2006 to 2010 aimed to promote the reduction
in food waste while expanding and enhancing treatment facilities [26]. In the first phase of
the Basic Plan of Resource Circulation (2018–2027), the goal is to reduce the daily generation
of household waste per capita while increasing the adoption rate of RFID (Radio Frequency
Identification) for food waste in multi-unit dwellings to 100% by 2027. The target rate for
the anaerobic digestion of food waste to bio-gasification has been revised upwards from
10% in 2018 to 36% by 2027 [27]. The Act on the Promotion of the Production and Use of
Biogas Using Organic Waste Resources (Act No. 19151) was enacted and promulgated on
30 December 2022. This law stipulates the scope of mandatory private biogas producers,
biogas production target rate, and targets of financial support [28].
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4. The Generation and Management of Food Waste
4.1. Food Waste Disposal and Classification

In South Korea, garbage classification is primarily divided into three categories: VBWF,
Food Waste, and Recycling Waste. Food Waste includes agricultural, fishery, and food
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leftovers generated during the production, distribution, and cooking processes. Recycling
Waste comprises plastics, cans, glass bottles, paper, and scrap metal, which should be
separately discharged for recycling. All other general waste is placed in VBWF garbage
bags for disposal.

The annual waste generation in South Korea has increased consistently since 2013
(Figure 2). In particular, the VBWF and food waste were 16% greater in 2019 compared with
that in 2013. As a result, policies related to food waste management have been highlighted,
and the need to curb the increase in food waste generation and promote the recycling of
generated food waste is being emphasized [29].
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Figure 2. National waste discharge volume: (a) national waste discharge volume (tonnes/day) and
(b) 2019 waste discharge volume ratio (%) [27].

In 2019, considering the nationwide waste generation ratio, VBWF, food, and recyclable
waste accounted for 20,917, 13,138, and 11,802 tonnes per day, respectively. Food waste
accounted for 28% of the total waste generated in 2019. Notably, 53.0% of the food waste
was from households and 47.0% was from non-household sectors, such as markets, business
facilities, and restaurants. The National Waste Statistics Survey is conducted every five
years, in which the fifth survey was conducted in 2016–2017, and the sixth survey was
conducted in 2021–2022. Results from the sixth survey showed that the composition
ratio remained similar to the results of the fifth survey, with vegetables, meat and fish
products, and fruits accounting for 28.1, 16.3, and 12.4%, respectively, of total food waste
(Figure 3). When examining South Korea’s dietary patterns, carbohydrate intake represents
4.3 g per 100 g of food consumed, which is approximately double that of protein and
fat. Furthermore, there is minimal variation in carbohydrate consumption throughout the
seasons [30]. Koreans primarily base their meals on rice and wheat, and their food culture,
characterized by a variety of side dishes, also results in significant vegetable consumption
(Figure 3) [31].
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Figure 3. Composition ratio and separate discharge rate of food waste: (a) composition ratio of food
waste (%) and (b) separate discharge rate of food waste (%) [31].

The food waste separation rate is an indicator of the proportion of food waste that is
collected separately rather than mixed with general waste (Figure 3). Therefore, it reflects
the efficacy of the VBWF system. The separate discharge rate of food waste was 88.8%,
indicating a decrease of 4.8 percentage units, compared to that in the fifth survey (93.6%).
This ratio was calculated using the following equation [31]:

The separate discharge rate of food waste =(
Food waste separate discharge amount

food waste volume rate mixed discharge amount+food waste separate discharge amount

)
4.2. The Types of Food Waste Recycling Processes

The “recycling of food waste” policy is aimed at utilizing discarded food waste for
composting, animal feed, and biogas production. Resource recovery facilities generally
adopt the following processes: aerobic composting, wet and dry fermentations for animal
feed, and anaerobic digestion for biogas production. The processing stages for each food
waste recycling method are shown in Figure 4.

The aerobic composting process involves the fermentation of sorted and ground food
waste in a fermentation chamber (Geobox) for 14 days (4 days for feed fermentation).
Subsequently, the material is post-fermented for an additional 15 days to mature. Mi-
croorganisms, mainly bacteria, decompose organic matter during fermentation. In the
subsequent maturation stage, pathogenic microorganisms are eliminated at temperatures
exceeding 55 ◦C, and unpleasant odors are removed [32].

The wet feed-conversion process is a method used by livestock farms, wherein foreign
substances such as bone fragments and vinyl are removed from food waste, and the waste
is ground while it still contains moisture. Then, the waste is heated to a high temperature
of 140 ◦C for sterilization. The dry feed-conversion process involves placing food waste
in a dryer and using high-speed hot air or heating equipment at 390 ◦C to dry it, until
its moisture content is reduced to approximately ≤15%. Thus, it is a straightforward
treatment method that consists of sorting by manually selecting foreign materials, drying,
and grinding and is commonly carried out on a larger scale in factory-sized facilities [33].
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Facilities Used to Process Food Waste into Animal Feed and Compost

The operation of public waste treatment facilities began with the Optimization Strategy
for Waste Treatment Facilities that was implemented in 2011 to address the disparities in
waste treatment costs among local governments and establish an integrated management
system at the national level [34].

In this study, we conducted regular operational evaluations of the post-management
of waste treatment facilities, as stipulated in Articles 55 and 56 of the Waste Management
Act. The assessment included the investigations and evaluations of the installation and
operational status of the treatment facilities, as well as the evidence for national financial
support. The current status of the public resource recovery treatment facilities for feed and
compost in the country are presented in Tables 1 and 2, respectively. The methods and
utilization rates of feed and compost for public food waste treatment facilities are shown in
Table 2. The utilization rates of the feed and compost were calculated using the following
formula [35].

Usage of feed or compost =
{
(Paid sales × 1.0) + (Provided free of charge and use of self × 0.5)

Production of feed or compost

}
× 100

Table 1. Operational status of public food waste treatment facilities by capacity and resource recovery
methods [35].

Categories Number of Facilities
Distribution of Facilities Based on Capacity

>30 Tonnes/Day <30 Tonnes/Day

Feed 26 25 1

Compost 28 19 9

Others 21 9 12

Table 2. Feed and compost usage methods and usage rates of public food waste treatment facili-
ties [35].

Categories Number of Productions
(Thousand Tonnes/Year)

Method of Usage (Thousand Tonnes/Year)
Usage

Rate (%)Paid
Sales

Provided Free
of Charge

Self-Generated
and Use 1

Feed 67.0 2.8 44.3 - 37.3

Compost 59.4 1.0 57.1 0.003 49.8

Others 2 115.3 - 55.5 - 24.1
1. Food waste generated by households and fed to their animals. 2. Others: drying, heating, dehydration, and
crushing

The public food-waste treatment facilities in the country were analyzed based on the
facility capacity. Among the 54 facilities considered in this study, 26 were dedicated to
feed conversion, while 28 were dedicated to composting. Among the 54 facilities dedicated
to feed conversion and composting, 44 facilities processed ≥ 30 tonnes per day while
10 facilities processed < 30 tonnes per day.

Among the different treatment methods considered in this study, the highest utilization
rate was observed in composting (49.8%), followed by feed (37.3%), and other methods,
such as reduction and organic resource utilization, which had a rate of 24.1%. The total
production of compost and feed was 126,400 tonnes per year, with 101,400 tonnes provided
free of charge, while 3800 tonnes were sold. The annual assessments and evaluations of
the status of waste generation, treatment, and circular utilization provide essential data for
resource allocation and utilization planning such as controlling production according to the
amount of feed, fertilizer, and biogas resource use, controlling the number of production
facilities or companies, and predicting areas in need of resource conversion facilities. Such
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evaluations are also helpful for establishing basic resource circulation plans and setting
national resource circulation goals [36].

4.3. Methods Used to Process Food Waste into Compost, Animal Feed, and Biogas
4.3.1. Compost

During the composting process, the food waste undergoes a series of steps, including
sorting and moisture content adjustment at composting facilities. In Korea, food waste
primarily comprises rice-based meals with soupy components, leading to a high moisture
content of approximately 80–85%. Additionally, the prevalent dietary inclusion of salty
fermented foods like kimchi contributes to a salt content of about 3–4%. Consequently,
preprocessing becomes necessary due to these elevated levels of moisture and salt content.
Furthermore, parameters affecting composting, such as pH and Electrical Conductivity
(EC), were found to be notably high [37].

Aerobic composting typically takes about 2 to 3 months, which involves pre-processing,
fermentation, and maturation stages. In a mixed fermentation tank, moisture regulation
and fermentation agents are added, and the mixture is stirred for 24 h to reduce moisture
content to <52%. Following this step in the compost fermentation facility, air is injected
for 28 to 30 days while maintaining a temperature of 55 to 60 ◦C, and the compost is
stirred approximately 20 times a day using a compost turner. During the maturation stage,
compost is produced by stirring until the moisture content is reduced to <42%. Aerobic
composting is the most widely adopted method, because of its relatively low installation
costs and easy setup. It has the advantage of a relatively short composting period; however,
it requires a large land area for facility installation, along with additives required to regulate
the moisture and salt content. In addition, odor-control facilities are necessary for such
setups, and the facility operations have significant energy consumption (Table 3) [38,39].

Table 3. Summary of the characteristics of each composting method considered in this study [38].

Category Principle Advantage Disadvantage

Aerobic
composting

For a home that carries out composting using aerobic
microorganisms, a continuous air supply is required

Short time required
for composting

High energy consumption;
odors

Anaerobic
composting

Food stays for a long time in an enclosed space to
decompose; compost and methane gas are produced

as by-products

Degree of loss is
large Decomposition is slow

Vermicomposting Compost production by fermenting food waste and
providing it as food for earthworms

Low initial facility
investment

Limitation of application in
urban areas due to odors

Anaerobic composting involves fermenting food waste with anaerobic and methane-
forming microorganisms to produce alcohol and methane, followed by composting the
remaining sludge. Anaerobic composting involves utilizing bacteria that function at tem-
peratures of 36 to 38 ◦C and undergo a fermentation process of about 30 days. Moisture
conditions are adjusted to about 60% when preparing raw materials and are maintained
at 50 to 55% during the fermentation process after the inoculation of anaerobic microor-
ganisms (Table 3) [40]. Yang et al. [41] indicated that the efficient operation of composting
relies on parameters such as pH of 6 to 8, a carbon to nitrogen ratio of 20 to 30:1, 50 to 65%
moisture, and a temperature range of 55 to 75 ◦C. However, these parameters should be
adjusted for each composting facility and process.

In addition to conventional aerobic and anaerobic composting methods, vermicom-
posting has gained attention. Vermicomposting is the utilization of insects and earthworms,
to cultivate their excrement, known as vermicompost, for use as fertilizer. Organic waste
materials like food scraps serve as excellent food for these organisms, and their excrement
enriches the soil [42]. This approach is considered to be an environmentally-friendly re-
source recycling method and offers the advantage of relatively low installation costs [43].
However, it requires proper environmental control and the maintenance of the temper-
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ature, humidity, and pH of the waste, and the installation of facilities for odor removal
and leachate treatments (Table 3) [44]. Optimal conditions for vermicomposting include a
temperature range of 20 to 30 ◦C, humidity levels between 60% and 80%, a pH of 7, and a
carbon to nitrogen ratio of 15 to 20:1 [45,46].

The quality control of composting materials:
No specific quality standards have yet been established for compost derived from

food waste in South Korea. However, the waste composition must follow the specifications
for compost under Article 4 of the Fertilizer Management Act [47]. The fertilizer process
specification for compost sets the maximum salt content limit at 2.0% [48]. The Fertilizer
Management Act regulates the production of compost regardless of whether it is produced
from food waste and distributed free of charge or sold for profit. This regulation ensures
that the compost production industry is registered and produces compost that meets the
standard processing specifications [49].

4.3.2. Animal Feed

The feed processing methods that involve a combination of drying and fermentation
offer the advantage of faster processing compared with composting. However, feed pro-
cessing facilities have the disadvantage of initial high equipment costs and the expenses
associated with the maintenance, repair, and overhaul of facilities. Feed processing methods
are categorized as wet, dry, or fermentation methods [38,50]. The manufacturing process
diagram of wet and dry feed conversion is shown in Figure 5. Wet processing involves the
conversion of the feed into a moist form (70 to 80%) [51], whereas dry processing involves
drying the feed to remove moisture (≤15%) [51]. The fermentation process employs mi-
crobial activity including bacteria such as Bacillus subtilis, as well as fungi like Aspergillus
tubingensis and Meyerozyma caribbica to enhance the nutritional quality of the feed [52].
Fermentation can enhance feed digestibility and nutrient content through microbial action
but requires the proper control of fermentation conditions. While undergoing the wet
fermentation process, there was a 1.24% increase in organic matter, a 7.11% increase in
non-fibrous carbohydrates, and a 4.05% increase in nitrogen-free extract [53].
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Due to the introduction and spread of African Swine Fever in South Korea, the use of
leftover food in pig feed has been prohibited since July 2019. As a result, approximately
7.5% (1200 tonnes) of wet feed from the total leftover food waste (15,900 tonnes per day)
intended for pig farming is not recycled adequately [55]. In addition to health-related
concerns, a range of issues including elevated moisture and salt levels, contamination by
foreign materials, unpleasant odors, and the potential for spoilage during transportation
and storage have all contributed to the reduced suitability of recycled food waste as a feed
ingredient. Due to the prevailing skepticism regarding the quality of recycled food waste,
its inclusion as an ingredient in commercial swine diets has proven to be a challenging
endeavor [33,56].

However, another approach for using food waste as an animal feed resource involves
the use of insects to convert nutrients in food waste to insect meal as animal feed. Novel
studies on animal feed technologies that employ black soldier fly larvae have been shown
to provide excellent decomposition abilities and subsequently produce high protein and
mineral insect meal that can be used as animal feed [57,58]. The utilization of food waste
for the cultivation of insects, particularly for applications such as animal feed and other
purposes, has garnered significant attention in recent years [59,60]. This increased interest is
primarily driven by the perceived environmental and economic advantages associated with
this practice, underscoring the increasing inclination towards employing food waste for
insect production, which serves diverse objectives, including animal feed, waste mitigation,
and sustainable protein generation.

The production of animal feed using plant waste adheres to the criteria and standards
for harmful substances. This in turn, aligns with the standards for compound feeds (The
Standards and Specifications for Feeds, Ministry of Agriculture, Food and Rural Affairs
Notice No. 2022-55). Within the feed standards, the utilization of food waste as animal feed
is separately regulated as “other (leftover food feed)”. The range and criteria for harmful
substances for leftover food feed are specified in Table 4.

Table 4. Ranges and criteria for harmful substances in residual food-waste feed production [61].

Classification Hazardous Substances Acceptance Criteria

Management target:
heavy metal

Lead (Pb) 20 ppm

Mercury (Hg) 0.5 ppm

Cadmium (Cd) 50 ppm

Management target:
major mycotoxin

Aflatoxin
B1, B2, G1, G2 50 ppb

Ochratoxin 250 ppb

Management target:
minor mycotoxin

Deoxynivalenol
(vomitoxin) 10,000 ppb

Zearalenone 3000 ppb

Fusarium B1 and B2 60,000 ppb

T-2/HT-2 500 ppb

Management target:
other safety concerns

Free gossypol 1200 ppm

Cyanide 50 ppm

Salmonella Not detected

4.3.3. Biogas

Biogas is valuable renewable energy that serves as a secondary source. It is derived
from the anaerobic digestion of biodegradable organic materials. Biogas has multiple
applications including use as a fuel and as a raw material for the production of chemicals,
hydrogen, and gas [62]. Biogas facilities can produce fertilizers and water for agricul-
tural irrigation, while utilizing and controlling organic waste materials, with digestate—a
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nutrient-rich byproduct of the anaerobic digestion process—serving as an effective fertilizer
for soil enrichment in agricultural practices [63,64].

Continual research focuses on various aspects of biogas production and utilization [65],
including the optimization of anaerobic digestion by employing mechanical, chemical, and
thermodynamic pretreatment processes and providing a solution for handling the organic
fraction of municipal solid waste (OFMSW). Schiavon et al. [66] studied the thermal and
electrical energy aspects of post biogas production, assessing biogas utilization options and
optimizing facility efficiency while considering environmental impacts. Moreover, biogas
produced from organic waste sources, such as food waste treatment plants, is supplied
to the urban gas pipeline network and used in compressed natural gas vehicles after a
sophisticated purification process [67].

In general, there are various types of organic wastes including sewage sludge, livestock
manure, food waste, and animal remains which contain a significant amount of energy. They
can be processed through anaerobic digestion to generate biogas containing approximately
60% methane and other valuable resources [68]. In 2019, the energy recovery from food
waste accounted for 12.5% of total organic waste, while feed production and composting
accounted for 36.2% and 38.1%, respectively (Table 5). Over the previous decade, organic
waste has increased by 14.7% due to the improvements in Korean living standards. In 2019,
the annual generation of organic waste was 65.37 million tonnes. Among the different
waste categories, livestock manure accounted for the largest proportion (55.93 million
tonnes; 86%). Food waste accounted for 5.22 million tonnes, accounting for 8% of the total
organic waste generated in the year (Figure 6) [69]. In terms of organic waste treatment,
composting and anaerobic digestion have the highest share, with 50.15 million tonnes
(accounting for 76.7% of the total waste treated using such processes). Feed processing
accounted for 2.9%, with 1.89 million tonnes being processed annually. Biogas production
accounted for 5.7%, with 3.75 million tonnes being generated annually (Table 5). Currently,
there are 1341 environmental facilities in South Korea; these include 110 facilities for biogas
production that carry out the treatment of waste resources, such as food waste [69].
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Table 5. Utilization ratios of organic waste (unit: million tonnes; %) [69].

Category Total Feed
Processing

Composting/
Liquid

Fertilizing

Bio
Gasification Purification Others (e.g.,

Incineration)

Total 65.37
(100)

1.89
(2.9)

50.15
(76.7)

3.75
(5.7)

6.80
(10.4)

2.78
(4.3)

Food
waste

5.22
(100)

1.89
(36.2)

1.99
(38.1)

65
(12.5) - 69

(13.2)

Livestock
excretion

55.93
(100) - 48.16

(86.1)
92

(1.6)
6.80

(12.2)
5

(0.1)

Sewage
sludge

4.22
(100) - - 2.18

(51.7) - 2.04
(48.3)

Figure 7 presents the operational status of food waste treatment facilities in 2021,
categorized based on the resource utilization method. The operational status of food
waste treatment facilities was as follows: composting, anaerobic digestion for biogas
production, dry feed production, and wet feed production accounted for 27.7, 14.9, and
47%, respectively. Notably, 0.8% of the privately operated facilities utilized food waste as
animal feed [70].
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Furthermore, according to the data on domestic biogas production and utilization
provided by the Ministry of Environment, the year 2020 witnessed the production of
362 million standard cubic meter (Sm3), of which 302 million Sm3 was utilized, achieving
an overall utilization rate of 83.2%. Among the annual production, 50 million m3/year
(13.8%) was sold as electricity, 38 million m3/year (10.5%) was used for steam production,
100 million m3/year (27.6%) was supplied as gas, and 114 million m3/year (31.4%) was
self-consumed. The unused amount amounted to 61 million m3/year (16.8%), which was
fully disposed through combustion [69].

5. Conclusions

South Korea has successfully addressed waste management issues caused by rapid
industrialization and urbanization through various recycling policies. However, the emerg-
ing issues of resource circulation and environmental preservation that need to be addressed
to achieve carbon neutrality present new challenges. The Basic Act on Resource Circula-
tion, enacted in 2016, introduced waste disposal burden fees, along with a performance
management system for resource circulation and a certification system to promote resource
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circulation, to minimize the incineration and landfilling of waste and maximize recycling.
To address environmental preservation, South Korea implemented various policies, includ-
ing the activation of waste separation and collection, resource utilization of food waste,
and bio gasification of organic waste. Based on the results and discussion of this study, we
propose viable suggestions for utilizing food waste in South Korea.

Although we summarized the situation and challenges of the current resource uti-
lization methods in South Korea, such as anaerobic, aerobic, and insect-based composting,
as well as dry and wet fermentation processes for animal feed, and biogas production
using categorized materials, there are some limitations that need to be addressed. First,
commercial farms that install feed facilities with government subsidies for food waste
recycling face difficulties due to the restrictions on feed utilization for the prevention of
livestock diseases. Secondly, improvements in processes, such as reducing spoilage during
food waste collection and storage, excessive salt content, and odor generation, are nec-
essary to increase nutritional value and ensure safety when upcycling into animal feed.
Finally, the bio gasification of organic waste requires technological development to increase
productivity and improve resource utilization efficiency.

The efficient utilization of waste resources requires a comprehensive effort, rather
than the development of a single technology. We need to optimize methods for handling
food waste according to each region’s characteristics, emphasizing societal and economic
benefits through policies to encourage participation. The continual monitoring of policy
effectiveness is essential, alongside crucial technological advancements considering energy
and carbon factors. Further research into more detailed waste management methods would
aid in fostering sustainable resource circulation tailored to local communities.
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