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Abstract

:

Vinyl, such as those in the form of mulching and vinyl houses, is used to improve agricultural productivity. It is generated as an agriculture waste vinyl (AWV) after use. The collected AWV is transported to a recycling facility and shredded, washed, and compressed to be recycled. Recycled materials can contribute to the circular economy of agriculture as they are used again as an agricultural plastic product. However, in Korea, there are concerns about the illegal disposal (landfill, incineration) of AWV. So, a new management model is needed in which stakeholders voluntarily establish an AWV management system. In this study, a sustainable management strategy was proposed. This strategy is reinforcing the responsibility of the producers of AWV and forms a value chain in the proper discharge after consumption by applying the deposit system proposed to recover AWV. Local governments and the National Agricultural Cooperative Federation (NH) proposed education to curb the illegal disposal of AWV, and for managing areas where a collection system has not yet been established, biodegradable mulching vinyl (BMV) was proposed to minimize the environmental pollution caused by AWV. It was calculated that the EPR contribution was 0.16 USD/kg, and the introduction of BMV was 0.42 USD/kg in Korea. This study will provide a new alternative in countries struggling with AWV management.
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1. Introduction


In the agricultural sector, plastics are categorized into packaging and non-packaging, accounting for 3.4% of demand [1]. Agricultural plastics (Film) are mainly used for houses, mulching and low tunnels, silage, and bale wraps [2]. Agricultural vinyl (AV) and pesticides are used to increase the yield of crops in agriculture and are considered essential products [3]. After being used, it is known as agricultural waste vinyl (AWV).



Not recycling AWV means financial loss and environmental damage, for example, the loss of potential financial benefits from recycled materials. AWV are composed of a limited range of resins such as low-density polyethylene (LDPE) or linear LDPE (LLDPE), making them a suitable input for mechanical recycling [4]. Implementing a circular economy (CE) model can economically and environmentally improve the production system, which will reduce the need for virgin materials in the production system [5].



According to figures from 2020, 310,000 tons of AWV are generated annually in Korea. A total of 70,000 tons of high-quality AWV for vinyl houses was collected by the private sector, and 190,000 tons of low-quality AWV for mulching was collected from the K-eco (Korea Environment Corporation). The remaining 60,000 tons have not been recovered and are illegally disposed of (landfill, Incineration) [6]. Uncollected AWV poses a threat to environmental pollution, rural landscape conservation, and the safety of harvested crops [7,8]. When AWV is incinerated, it can generate a large amount of dioxin, which is a carcinogen, and dust that induces respiratory diseases. It may adversely affect the health of farmers [9]. It is an environmental problem that can cause water [10,11,12] and production issues [13]. Issues related to AW are not limited to Korea. In rural areas of Africa, India, and China, human waste disposal is a major concern besides household and agricultural waste [14]; the monitoring of illegal dumping is crucial either in high-income countries affecting public lands, roadsides, or water bodies [15,16]. The expansion of waste collection services across rural municipalities should be a priority in many countries [17].



Looking at the prior research on the problems and improvements for AWV in Korea, AWV is rarely sanctioned, even if the farmers who are the discharger do not comply with the discharge obligation in a drop-off site, and it can be discharged for free [18]. Additionally, it does not apply to the polluter pays principle (PPP), and illegal disposals such as the incineration and landfilling of AWV is widespread. So, incentives need to be provided for resident education and rural areas in order to solve illegal disposals [19]. It is reported that it is necessary to provide appropriate drop-off sites and incentives for collection on a village-by-village basis for waste collection. Since it is difficult to expand the collection and treatment system because AWV is generated in a concentrated manner in the rural region, a private sector-led collection system for abandoned agricultural waste, which is mainly composed of large farmers, was proposed [20]. Additionally, to increase the collection rate, there is a study result showing that the increase in the unit price of collection compensation and the number of collections is effective in increasing the collection rate [21].



Analyzing prior research, the reasons why AWV cannot be collected are as follows: (1) absence of stakeholder responsibility and obligation [6], (2) insufficient drop-off site [18], (3) stakeholder education [22], and (4) insufficient incentive for collecting AWV [21], and (5) the division of roles of stakeholders to collect AWV and not enough effort by the public sector [19].



In prior research, the focus is on the fact that AWV is household waste, so there is a proposal that efforts in the public sector should strengthen the management of the public sector via the expansion of drop-off sites and collection compensation. However, it is difficult for the MOE and local governments to set a budget for the treatment of AWV, and neglect and improper treatment continue to occur. Therefore, it is time to analyze the current management system of AWV and improve the management system most suitable for the treatment of AWV.



The purpose of this study is to examine the agricultural plastic waste management system in Korea and to devise a strategy for establishing a resource circulation system, consider the legal system, the generation and disposal status of AWV, and the derived problems of management in Korea, to investigate cases in foreign Europe and Japan, and to suggest a sustainable management system for AWV. The results of this study can be considered as benchmarking models for countries that are experiencing problems like Korea or have waste management systems.




2. Results


2.1. Agricultural Vinyl Management System


2.1.1. Law and Policy


The Waste Control Act is a basic law that regulates matters related to waste management in Korea. Waste is divided into household waste (Municipal solid waste) and industrial waste. AWV is managed as household waste, and the national and local governments have the responsibility for disposal. Dischargers of household waste must be discharged separately; if this is not performed, a fine will be imposed.



However, AWV is unlike general household waste and is generated from agricultural activities. In addition, since it is generated widely in rural areas, a lot of costs are incurred for collection and transportation. Nevertheless, it discharges of AWV for free. This is a kind of incentive to maintain agriculture and recognize the aging of the countryside. Therefore, Korea’s Waste Control Act does not induce proper treatment because AWV is household waste, and thus consideration for agriculture continues.



A fare system based on distance is a system in which to efficiently carry out the AWV collection work being carried out by K-eco, where private consignment collection is being implemented. The amount of consignment collected by private business groups is limited to 1500 tons/year. The collection and transportation costs increased continuously from 0.034 USD/kg in 2005 to 0.040 USD/kg in 2020. Additional transportation costs were added if the collection distance is 100 km or more. This system is to support the cost of collecting and transporting AWV. However, the cost is not realistic, and due to problems such as rising oil prices and labor costs, it is more economical to collect only AWV from nearby areas. As a result, a large amount of generation and selective collection from AWV treatment facilities and nearby areas is taking place.



The collection grade system is improving the quality of waste vinyl by paying a difference in collection compensation costs after grade determination according to the foreign matter content at the time of collection of AWV [23]. It is classified into four grades (A, B, C, D) according to the degree of the foreign matter content of AWV. If the quality (class D) contains foreign substances (metal fittings, agricultural materials, iron wires, waste, etc.) excluding soil, water, and plant residues, collection can be refused, and proper separation and discharge are induced. The guideline suggests that the collection compensation should be USD 0.11 for A class, USD 0.076 for B class, and USD 0.046 for C class, but the collection compensation is paid at USD 0.038–0.25/kg depending on the financial conditions of the local government. However, as mentioned earlier, the amount that private contractors can collect is 1500 tons/year. Therefore, it is more economical to collect only grade A. As a result, B, C, and D grades are reluctantly collected, even if they are discharged to the drop-off site and are accumulated.



The waste charge system is the disposal cost of waste that products, materials, and containers that contain harmful substances or toxic substances are difficult to recycle and may cause problems of waste management borne by the manufacturer or importer of the container. It is a system to control the generation of waste from the production stage and prevent the waste of resources. AV is classified as a synthetic resin product; producers must pay a waste burden but can be exempted if vinyl is made of biodegradable resin. The collected waste contribution will be used as compensation by local governments for collecting AWV. Although this system has the advantage of charging producers for disposal costs, it cannot induce recycling. In addition, since the waste charge is added to the user, it is not used practically as it is an economic pressure on companies.



The public interest direct payment system subsidies to farmers to promote public interest functions such as environmental conservation and the maintenance of rural communities by agricultural activities [24]. It sets out the obligations for the proper disposal of AWV. The discharger is instructed: “Do not leave farm waste voluntarily, store it in a drop-off site in the village and manage the farmland and its surroundings cleanly” and “Landfill farm waste, domestic waste in the farmland, not be incinerated”. The local government is obliged to “operate and collect waste collected from the village by operating a village patrol collection vehicle.” This system is being evaluated positively. However, since it is an incentive system, there is no disadvantage to farmers, even if it is not implemented. Therefore, it is not possible to urge active change in the behavior of farmers.



Figure 1 shows the management system for AWV in Korea. AWV is two main streams, except for illegal disposal. The K-eco plays a central role in the disposing of AWV, which is relatively low in profitability. On the other hand, profitable house vinyl is being collected and recycled by private recycling companies. Local governments support the efficient separation of collection by education, publicity, and the collection grading system, and they manage and operate a common collection point. Dischargers are transported to the drop-off site and discharged separately. The AWV loaded at the drop-off point is directly transported to a collection office operated by the K-eco, a joint consignment treatment facility, or a private treatment facility. When AWV is brought into the collection office, the regional headquarters of the K-eco uses the video management device to check the properties and weight of the waste vinyl; after confirmation, a collection slip is issued. The collected AWV is recycled using recycling facilities and supplied to domestic and foreign recycling companies.




2.1.2. Generation and Disposal


Figure 2 shows the generation amount of agricultural plastic waste and the generation rate by material. The generation of AWV was 307,159 tons in 2020, on a declining trend [25]. It is presumed that the number of farm households and illegal treatment due to an aging population had major impacts on the decline. By material, about 53,589 tons of LDPE for houses, 156,422 tons of LDPE for mulching, 81,517 tons of HDPE (High-Density Polyethylene), and 15,631 tons of other AWV (PVC (Polyvinyl chloride), EVA (Ethylene Vinyl Acetate), and PO (Poly Olefin)) were generated. HDPE is mostly used for multi-purpose applications; even foreign substances are counted in discharged AWV. In addition, considering that the discharge of AWV from other materials decreased by 80% (77,346 tons (`10)→15,631 tons (`20)), the aging of rural areas in Korea is progressing very rapidly (67%(`10)→79%(`20)), while there is a diminishment in the reduction in plastic use in farmland (0.44 ton/ha(`10)→0.41 ton/ha(`20). The abovementioned reason causes a decrease in agricultural plastic waste.



In the results of a fact-finding survey by the Ministry of Agriculture in Korea [26], it is estimated that more than 20% of farmers incinerated agricultural waste such as plastic waste (2019), and the reasons for incineration was because it was ‘difficult to throw away and troublesome’ (54.2%) and the ‘prevention of pollution due to neglect’ (35.5%) was high.



Figure 3 shows status of collection and recycling of AWV in Korea. According to the public collection status of AWV in 2020, the HDPE collection rate was 118.7%, the LDPE collection rate for mulching was 62.8%, the LDPE for the house was 0.01%, and the others were 1.09%. This is because HDPE and LDPE for multi-purpose use are less profitable in the private sector, so the reason for the collection rate exceeding 100% is that waste vinyl that has not been discharged is recovered or mixed with foreign substances. On the other hand, the public collection rate of LDPE for houses and others is very low, but this is because LDPE for the house is discharged cleanly and profitably, so it is the preferred method of collection in private areas.



AWV which is not collected by the public sector is collected and recycled in the private sector. It is difficult to transport to the drop-off site, resulting in landfill or illegal incineration. Considering that the rate of the collection has stagnated at around 50–60% for several years, it is considered that there is a limit to the expectation that private collection will be activated under the current system.



Figure 4 is showing the facility status of AWVTFs (AWV treatment facilities), with a total of 14 AWVTFs in Korea (as of 2020). Only 10 AWVTF has operated, nine are wet-treated (washing) facilities, and the other one is a dry-treated (hitting) facility. The total capacity of the AWVTF in operation is 84,000 tons/year, and only 43% of the total collected AWV can be processed. The wet treatment for the recycling of AWV goes through a washing process two to three times to remove foreign substances, so the treatment cost is high and there is a problem with wastewater treatment. However, it is thought that the number of facilities converting to wet-treated is increasing because dry treatment has a lot of foreign substances, and the quality of recycled products is lower as a result. The properties of the recycled material of AWV are not as appropriate as the virgin material for AV [27], and use of the former would considerably increase production costs while requiring a greater number of additives and slowing down the production process [28].





2.2. Agricultural Vinyl Management System of EU


In the European case, it was found that the recycling of AWV was managed according to the Extended Producer Responsibility (EPR). EPR was imposed on all stakeholders, and it is notable that the public sector felt the difficulty of managing agricultural plastics alone and therefore the private sector tried to activate waste management and treatment. Therefore, there is a need to introduce a system that builds partnerships between stakeholders.



In Spain [29], a new association MAPLA (Environmental Agriculture and Plastics) has recently been formed to manage agricultural plastic waste. The purpose of MAPLA is to increase the collection and recycling rates. MAPLA engages farmers, cooperatives, sales representatives, and distributors. The circular economy in Spain consists of nine stages. Agricultural vinyl is produced, and used vinyl is decontaminated and discharged separately, then discharged to a designated area using a dedicated collection vehicle and finally collected by a collection company, undergoing pre-treatment and packaging and becoming plastic obtained via material recycling.



In France [30], AWV is legally classified as non-hazardous waste, and all producers of agricultural waste vinyl must follow the principle of producer-responsible recycling. Storage of agricultural waste can only be done in facilities classified, and landfill or incineration is strictly prohibited. Farmers have the responsibility and duty to separate discharge waste, and producers and distributors must collect and dispose of waste. A notable example is Adivalor, an industrial, private organization for the treatment of agricultural plastics in France. Adivalor is a non-profit organization established to contribute to the development of sustainable agriculture via agricultural waste collection and recycling. Adivalor is supported by stakeholders such as farmers, countries, the federation of agricultural unions, and the agricultural distributor. Adivalor has 330 producers and 1300 distributors (cooperatives and merchants organizing collection systems everywhere in the region), 300,000 farmers (returning agricultural waste), and receives support from government agencies. There are 7000 collection points in operation nationwide. Adivalor’s collection service is available only to agricultural enterprises, public institutions, and administrations, and only the packaging materials of participants with Adivalor’s mark are collected. As of 2015, 70,000 tons of agricultural plastic packaging waste out of 116,000 tons were estimated to be agricultural plastic vinyl, with a collection rate of 73% and a recycling rate of 98%.



In Germany [31], a voluntary collection system called ERDE (Erntekunststoffe Recycling Deutschland—Together for the environment) with manufacturers and merchants to increase the collection rate and recycling of agricultural plastics has been established. The discharge site is supported by agricultural plastics manufacturers and distributors for installation and operation, while farmers, contractors, and disposal companies operate ERDE collection points. Farmers contact RIGK (the recovery system for the agricultural field) directly to return AWV or check the discharge site and discharge it cleanly. Discharge sites are supported in installation and operation by agricultural plastics manufacturers and distributors, and trade, machinery, farmers, contractors, and processing companies operate ERDE collection points. At the collection site, personnel conduct on-site inspections to see if all manual work standards, such as the removal of foreign substances from the discharged collection, have been met. The plastic is compressed and transported to recycling partners. Recycling companies are building a system in which plastics are pulverized and produced as recycled materials and products. ERDE aims to recycle 65% of silage vinyl in Germany by 2022, collecting and compressing factory vinyl from agriculture and using it to make vinyl or other products. Currently, nearly 35% of waste silos and stretch vinyl are collected and 100% are recycled as renewable materials.




2.3. Agricultural Vinyl Management System of Japan


In Japan [32], AWV is classified as industrial waste by law, and according to the polluter pays principle, farmers are required to bear the cost of collection and disposal, and local governments and producers bear the cost together. By the application of the polluter pays principle, farmers remove foreign substances in the discharge stage and roll them to a certain size. It is possible to reduce the generation of AWV from farming and produce discharge waste of high-quality.



Waste plastic is based on suppressing its occurrence and using it as a renewable material for the reduction of the environmental load and effective use of resources. In addition, polyolefin vinyl such as Agricultural PO and Agricultural Poly have the same amount of heat as fossil fuels and are being used as fuel substitutes in cement plants, paper mills, and power plants. Exports were also made; the recycling rate was 74.5% in 2019 [32].



Proper treatment of agricultural waste plastics utilizes a regional collection and treatment system. Councils are organized by administrative agencies such as prefectures and municipalities, agricultural cooperatives, agricultural material sellers, and agricultural production associations to share their roles.



The government is working with organizations across the country to dispose of agricultural plastic waste, providing information to municipalities and making efforts for proper disposal nationwide. Support is provided for the research and development of new technologies and for new materials or the expansion of demand for recycled products. Prefectures establish prefectural councils composed of municipal councils, private recycling and processing companies, and distributors in their respective municipalities, and formulate appropriate treatment promotion plans.



There are 47 LCs (local councils) in operation nationwide. LCs make amendments to relevant laws and regulations, and roles and requirements for proper treatment are communicated to municipalities, and then the management companies and treatment facilities are informed of the costs. They are also responsible for the collection and provision of information. MCs (Municipal councils) play a practical role in the collection of waste plastics and provide information on proper treatment to farmers. The manufacturing company makes efforts to use recycled agricultural waste vinyl products, develop new recycled products, demonstrate them, and prepare new plastic treatment methods. By providing information on the prepared treatment method to interested parties, they oversee making it easier to recycle and process agricultural waste plastics and are in charge of ensuring that proper treatment is not hindered, and that distributors help farmers in proper collection and treatment. We are actively providing information to this end. Recycling and processing companies contribute to collection and treatment by contracting with prefectures and municipalities and work to develop new uses for recycled materials in cooperation with agricultural vinyl manufacturers.



Table 1 shows compares the legal status and management, collection, and recycling systems of AWV in the EU, Japan, and Korea. For the efficient collection and recycling of AWV, the role of farmers, the cause of the occurrence, is essential. Waste vinyl generated in self-cultivation fields must be discharged by farmers to a designated place after removing foreign substances. However, as discussed above, it is presumed that due to the lack of responsibility on the part of the farmers who are obligated to discharge plastic waste, the farmers do not discharge it to a certain place, and instead incinerate, landfill, or neglect it in cultivated land.




2.4. Strategies for Sustainable Agricultural Waste Vinyl Management Systems in South Korea


Inappropriate treatment of AWV is for the convenience of the discharger. From the perspective of PPP, there is a need for stronger responsibility. For example, economic incentives to induce environmentally friendly deposits. A structure is needed in which the deposit is returned when they return to the drop-off site or the NH. Farmers are classified into individual union members and corporate union members, and all these union members are closely connected to the regional NH and related companies. Therefore, since members of the farming community purchase agricultural materials from the NH distribution network, it is possible to build a reverse collection system for neglected AWV by utilizing these distribution networks.



Figure 5 is shows the proposed model. It largely presented discharge and treatment systems and shows the flow of support in the form of money and materials.



In the discharge system, the management system was divided into household waste and industrial waste according to the subject of plastic farming waste, and the responsibility of the public and private sectors was clarified. It is expected that the money that has been spent from the national treasury on handling the private sector will be able to be reduced. In common, when individuals and farmers purchase agricultural vinyl, they purchase it at a price that includes a deposit and receive a refund of the deposit from the deposit management center according to the discharge performance. A reverse collection system was established by adding the NH as a base for domestic waste discharge, and support was provided in cases where a joint collection site was not established, or when the NH was too far away or difficult to discharge. In addition, in the case of islands and mountainous regions where collection systems are not equipped, a plan to supply biodegradable vinyl in cooperation between local governments and agricultural cooperatives was proposed.



In the treatment system, the EPR system was introduced. Farming material producers paid the EPR contribution and replaced the cost of existing public funds, thereby reducing the money spent via the national treasury and strengthening producers’ responsibilities. Instead, a compensation system was proposed to require the NH to undergo compulsory purchases to promote resource circulation when obligatory producers sell recycled AWV. In addition, to strengthen management of illegal processing, local governments and agricultural cooperatives supervised illegal processing, proposed a reward system for reporting illegal processing, and made it mandatory for the private sector to report the results of collection and processing.



The strategy model and roles of each stakeholder in the model are as follows (Figure 5):




	
Discharge and collection








First, local governments should extend drop-off sites and educate regularly on the prevention of the illegal disposal of AWV. The discharger must recognize that AWV should be discharged at a clean drop-off site. Considering rural residents were likely to dump waste at drop-off sites if those public services were provided, multiple collection points should be encouraged in areas where the distance from a disposal site is over 2 km [32].



The existing system has the responsibility in the public sector. However, the proposed model has the effect of strengthening the responsibility of the discharger and producer. There is a deposit system among the methods of fulfilling the discharger’s responsibility for disposal, and it can be used to efficiently recover waste in rural areas [33].



So, a deposit system is introduced to fulfill their discharge responsibilities from the discharge source to drop-off site. So, when farmers purchase AV, they purchase a price that includes a deposit, and the deposit is refunded from the NH according to the return performance. Considering the economic structure, in which most farmers are members of the NH and purchase AV from the NH, it would be reasonable for the NH to oversee the parts related to the purchase of AV. Additionally, the NH is a base for discharging waste, and if there is no drop-off site and it is difficult to dispose of it, collection can be supported.



	
Recycling






EPR would be more likely to be adopted by small–medium AV producers [34]. AV producers pay the EPR contribution for the produce and imported products. This system replaces the cost of existing public finances, thereby reducing the financial burden on the national treasury and strengthening the responsibility of producers. In addition, there are many problems with the quality of the recycled products of AWV. As such, there is a need to develop a technology capable of producing high-quality renewable materials from agricultural waste vinyl. There is a need to develop advanced recycling technology using the financial resources of the EPR system. Instead, a compensation system has been established that requires the NH to undergo compulsory purchases to promote resource circulation. In addition, to strengthen the management of illegal processing, local governments and the NH supervised illegal disposals and proposed a reward system for reporting illegal disposals, while the private sector reports the collection and disposal results.



For the operation of the EPR system, producers of vinyl for farming materials are included as obligatory producers, and after collecting contributions, collection subsidies are given to civilians, and recycling subsidies are paid to processing facilities (public corporations and private recycling companies), expanding producers’ responsibilities.



Table 2 shows result of cost to introducing EPR. An amount of USD 0.06/kg was provided for collection support, USD 0.09/kg was provided for recycling, and USD 0.01/kg was provided for cooperative and center operation costs, resulting in a total contribution of USD 0.16/kg. These costs are higher than the USD 0.04/kg previously paid to private collectors and are expected to contribute to the improvement of the collection rate.



	
Introducing of biodegradable vinyl






If it is difficult to collect and recycle AWV, it is necessary to introduce BMV. The tensile nature and strength of biodegradable vinyl are greater than those of neat agricultural recycled plastic [35]. It is an essential material for farming, providing warmth, a weeding effect, and pest prevention, but it is difficult to collect and causes environmental problems due to the soil environment and illegal incineration due to uncollected waste vinyl. As for BMV, there is also an argument that the supply of BMV should be expanded in accordance with the emergence of an aging society [36]. It is very valuable in agriculture because it can be used, and there is no worry about waste disposal, so it is emerging as a new way to replace AV. BMV is mainly composed of polyester and starch, and after harvesting crops, it is covered with soil via a grinding process using a rotary operation and is finally decomposed into water and carbon dioxide or methane gas by microorganisms in the soil. There are also research results that indicate that it is a way to respond not only to the environment, but also to the aging of rural areas, and that it is more economical than using existing PE. However, the indiscriminate use of biodegradable vinyl should be limited because vinyl production can increase crop production costs [37]. In the case of remote islands and mountainous areas where a collection system is not equipped, a plan to distribute biodegradable vinyl was necessarily proposed in cooperation with local governments and the NH.



In Korea, to encourage biodegradable resin, annual reductions in packaging waste, exclusions from disposable product use regulation, and exemptions from waste charge are being implemented, which can promote production, but the price between domestic general mulching and biodegradable mulching vinyl is about a difference of 1.2 to 1.5 times, so it is difficult to induce farmers to purchase it. In Japan, the supply of biodegradable resin was about 1150 tons in 2006, but it had increased to about 3420 tons by 2018. This is because it is difficult and expensive to take out vinyl buried in the soil and remove the soil and take it out of the site, and it is considered practically difficult to collect waste vinyl generated in remote mountainous areas Japan supports the purchase cost of BVM, and this support contributes to the spread of BVM general mulching [38].



According to previous studies [6], even if there is economic feasibility for farmers, it is difficult to feel the immediate benefits to farmers, so there is a need to review only the direct benefits. Therefore, to reduce the cost of BMV, the government should induce the introduction of BMV by adjusting product prices via eco-friendly farming material support projects and waste sharing fees and subsidizing the purchase of agricultural materials from NH and local governments.



Table 3 shows support cost for extending BVM. As the waste quota is applied, the vinyl for general mulching is charged about USD 0.16/kg as a collection and recycling subsidy, whereas the difference in unit price can be partially mitigated as BMV is not subject to the quota. NH needs to support agricultural material support via cooperation projects with local governments, and it is necessary to support the supply of BMV to farmers’ agricultural material support projects.



BMV is reasonable in terms of economic and environmental friendliness. However, when the use of BMV begins to increase, it may adversely affect the AW resource circulation system. Looking at the priority of waste management in Korea, it is managed in the order of generation reduce > reuse > material recycling > energy recovery > disposal. This is because biodegradable vinyl can be regarded as appropriate disposal. It may cause problems in the quality of the recycled products due to its different material and characteristics compared to plastic.





3. Methods


3.1. Analysis of AWV’s Management System in Korea


To analyze the management system of AWV in Korea, we investigated the laws and systems related to agricultural waste and the current state of generation and disposal. Agricultural waste-related laws and systems, such as the Waste control act, Collection grade system, “Fare system based on distance”, “Waste Charge System”, and “Public interest direct payment system”, were examined (Table 4).



The current data on the generation, collection, and treatment of AWV has used the agricultural waste statistical survey (a sample survey of approximately 2000 by a farmhouse visit survey targeting farmhouses cultivating crops using plastic among farmhouses and growing crops in fields among farmhouses) of the MOE [25]. The problem of AWV management was derived by comprehensively examining the agricultural waste vinyl-related system examined above and the current state of generation, collection, and treatment.




3.2. Analysis of AWV’s Management System in EU and Japan


To devise a better strategy, there is a need to consider advanced AWV management systems abroad. In European countries, a significant amount of agricultural plastic waste is concentrated in some countries. Spain, which discharge the most agricultural plastic waste, has a large share in four countries: Italy, Germany, France, and the United Kingdom [40]. In Asia, Japan’s agricultural waste management system is known to be advanced [41]. To get the implications of the foreign AWV management system, we investigated the AWV management system of EU countries and Japan.




3.3. Determination of EPR Contributions


To build an advanced model, the cost part should also be analyzed. There is a need to calculate the subsidy that should be provided to private collectors of agricultural plastic waste and public collectors. To this end, the appropriate vehicle and personnel required for the collection were set to 1 vehicle equipped with a 2.5-ton crane and 253 working days per year by referring to the recruitment guidelines for private agricultural waste consignment companies [42]. As for the recycling cost of AWV, the treatment facility is a 12,000-ton wet treatment facility, because the cleaning process is required to deal with impurities such as soil, organic matter, dust, or metals [43]. The treatment cost was investigated by K-eco. So, the recycling cost is USD 106.1/ton, the yield of the recycled products is 25%, and the unit price of the recycled products per ton is USD 208.3; the sales revenue of the recycled products is calculated as USD 52.1. For the detailed cost of items, the legal basis used for cost calculation in Korea was applied, and the cost is shown in Table 5. The calculation of the EPR contribution was applied using the following formulas.



Extended Producer Responsibility (EPR) contribution (USD/year) = packaging materials/product shipment volume (kg/year) × mandatory recycling rate × unit price of EPR contribution (USD/kg)*.



※ Unit price for EPR contribution (USD/kg) = Unit price for collection/recycling support (USD/kg) + Union/center operation cost (USD/kg).



※ Unit price of collection/recycling subsidy (USD/kg) = cost of collection/recycling (USD/kg) + profit (USD/kg) ± adjustment of the joint operating committee.





4. Conclusions


In the European case, it was found that a collection system was secured and managed by the EPR system for the responsible recycling of AWV. In Japan, AWV is classified as industrial waste. According to the PPP, farmers are required to bear the cost of collection and treatment. Local governments and producers bear the cost together. Farmers must remove foreign substances in the discharge stage, roll them into a certain size, and discharge them. The proposed model in this study covers both the EU’s EPR and Japan’s responsible discharge and can contribute to the establishment of the AWV circulation system.



The important thing is that cultivated land is scattered and there are many small-scale and old farms. It is difficult that proper treatment of AWV depends only on the willingness of farmers. So, the role of farmhouses and local governments is primarily important.



It is for the convenience of the farmer that AWV is discharge-free, and there is a need to strengthen the regulation rather than consider the discharger. Therefore, when a producer purchases AWV, a deposit is charged to induce farmers to undertake proper discharging procedures with economic incentives, and in connection with the public interest direct payment system, illegal disposal can be managed by checking the use and return of AWV. In addition, since members of farm households purchase agricultural materials from the distribution network of the NH, it was proposed to build a reverse collection system for agricultural wastes left unattended by using these distribution networks.



For the operation of the EPR system, producers of AV were included in the mandatory producers, collected the contribution, and the collection subsidy was given to the collecting company, and the recycling subsidy was paid to the recycling company. Local governments and the NH contributed to the illegal disposal of AWV and the establishment of a collection system in the island and mountainous areas. NH ordered the priority purchase of AV that recycled AWV, so that mandatory producers could participate in promoting recycling and maintaining a stable supply system. It is possible to supplement the producer’s responsibility and economic feasibility of treatment and establish a circulation system that recycles recycled materials into AV.



BMV is disposed of in the soil, and it is inconsistent with the aspect of encouraging material recycling and resource circulation in domestic waste management, which can make the management of AWV more difficult. Therefore, it is suggested to introduce BMV only in areas where the collection is difficult.
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Figure 1. Schemes of AWV management in Korea [19]. 
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Figure 2. The generation amount of agricultural plastic waste and the generation rate by material [25]. 
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Figure 3. Current status of collection and recycling of AWV [25]. 
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Figure 4. Current status of farming waste plastic treatment facility (Use of k-eco’s internal data). 
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Figure 5. Scheme of suggested sustainable management model of AWV in Korea. 
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Table 1. Compares the legal status and management, collection, and recycling systems of AWV in the EU, Japan, and Korea.
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Category

	
EU

	
Japan

	
Korea






	
Classification

	
Waste

	
Industrial waste

	
Municipal waste

(Household waste)




	
Management

	
·Nation.

·Farmers.

·Stakeholder of EPR.

	
·Farmers.

·Council (local government, recycler, famer’s association).

	
·K-eco (Nation).

·Local government.

·Private collector or recycler.




	
Collection and recycling

	
·Establishment of AWV collection and distribution system for each base

·Disposal by EPR system

	
·Discharge of AWV to temporary collection points, collection for a period.

·Disposal by Municipal council

	
·Collection and disposal by the K-eco and private collection companies.




	
Advantage

	
·Minimize cost in public sector.

·Polluter pays principle applied.

	
·Ease of National level management.




	
Disadvantage

	
·Conflict of interest with subject.

	
·Increase in cost in public sector

·Polluter pays principle not applied.
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Table 2. Cost of introducing EPR for AWV.
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Category

	
Contents (USD/TON)

	
Price (USD/kg)






	
Subsidy of collection

	
Net cost of collection and transportation: 57.5

	
0.06




	
Subsidy of recycling

	
Net cost of recycling: 91.2

	
0.09




	
expenses

	
(Subsidy of collection and recycling) ×10%

	
0.01




	
EPR contribution

	
0.16
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Table 3. Comparison of purchase price between general mulching and biodegradable mulching.
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	Category
	Mulching with EPR
	Biodegradable Mulching
	Notice





	① Price (USD/1EA)
	43.3
	89.2
	(1)



	② Weight (kg)
	100
	130
	(2)



	③ Price (USD/kg)
	0.43
	0.69
	① ÷ ②



	④ EPR contribution (USD/kg)
	0.16
	
	



	⑤ Farmer charge cost (USD/kg)
	0.27
	0.69
	



	⑥ Eco-friendly agricultural material support project (local government + NH)
	-
	0.42
	0.69 − 0.27







Note (1) The price of mulching vinyl varies widely, and the price provided by the manufacturer applies. (2) The density of general mulching is 1 g/cm2, and the density of biodegradable mulching is 1.3.
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Table 4. Law and policy-related AWV management.
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	Law/Policy
	Contents
	Ref





	The Waste Control Act
	The organic law of agricultural plastic waste gives the national and local governments responsibility for the disposal.
	[22]



	The collection grade system
	Encourage farmers to collect and transport agricultural waste plastics to public collection sites and Korea Environment Corporation offices in a clean state as economic incentives.
	[23]



	Fare system based on distance system
	A private consignment collector collects agricultural waste plastic stored in a public collection site instead of the Korea Environment Corporation and pays a certain amount of compensation.
	[23]



	The waste charge system
	Producers of agricultural materials are required to bear the cost of processing them when agricultural materials are generated as waste.
	[39]



	The public interest direct payment system
	If farmers do not properly dispose of agricultural plastic waste, they can save money from notices or public interest debit
	[24]
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Table 5. Collection and transportation unit price of AWV.
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Category

	
Collection and

Transportation

(USD/year)

	
Cost per Ton

(USD/ton)




	
[A]

	
[B] = [A] ÷ 1500 ton/year






	
Personnel expenses ①

	
51,271

	
34.2




	
Expenses

	
Depreciation

	
11,111

	
7.4




	
Repair

	
9603

	
6.4




	
Insurance

	
4344

	
2.9




	
Employee

benefits

	
2785

	
1.9




	
Fuel

	
5645

	
3.8




	
Tax

	
1553

	
1.0




	
Total ②

	
35,041

	
23.4




	
Net cost ③ (① + ②)

	
86,312

	
57.5




	
Maintenance (10%) ④ (③ × 10%)

	
8631

	
5.8




	
Benefit ⑤ (③ + ④) × 10%

	
9494

	
6.3




	
Total cost (③ + ④ + ⑤)

	
104,437

	
69.6
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