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Abstract

:

In the process of production and operation of family farms, a large amount of agricultural waste, such as livestock and poultry manure, has not been effectively treated in time, causing serious pollution to the environment. Moreover, livestock and poultry manure are the kind of resources that can be recycled to fertilize crops, which can benefit family farms both economically and environmentally. Adoption of manure biogas digesters by family farms can improve sustainability by not only decreasing input use and resource losses, but also reducing environmental pollution. Additionally, Material Flow Cost Accounting (MFCA) is considered to be the most representative environmental management accounting tool. MFCA can be expanded to account for and calculate environmental damages, so as to better reflect the economic and environmental sustainability of agricultural systems. According to the basic principles of material flow cost accounting and characteristics of family farms, we propose an agricultural-waste-recycling model for Chinese family farms that is based on the extended MFCA in this paper. We first investigate Chinese family farms in Hunan Province, and then optimize an agricultural-waste-recycling model by extended MFCA. Finally, based on our proposed model, we make a two-dimensional analysis on the internal resource cost and external environment damages for agricultural-waste recycling. Our analysis shows that visualization of monetization of resource losses can optimize manure recycling through better decision-making, which can increase the sustainability of family farms.
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1. Introduction


With the rapid development of modern agriculture, the shortage of agricultural resources is getting more serious. At the same time, increasing agricultural waste has contributed to pollution of rural environments. Resource constraints and environmental pollution have challenged the sustainable development of agriculture [1,2]. Sustainable development refers to “not only ensuring the sustainable development of economy today, but also not consuming the future resources and environment” [3]. There are some differences between sustainable development and traditional extensive development. Sustainable development emphasizes that development is based on the premise of not sacrificing ecosystem integrity. Agricultural sustainable development is facing new challenges. Both developed and developing countries attach great importance to the sustainable development of agriculture [4,5,6,7,8]. Agricultural sustainable development solves the three pillars of sustainable development by simultaneously assessing environmental, economic, and social issues related to agricultural practice [9,10,11,12], where economics is essential for sustainable development, since family farms need to be in business in order to benefit the environment and local communities.



Family farms are the main contributors to agriculture and our food supply [13,14]. Low-input, high-yielding, and integrated agricultural systems can reduce pressure on agricultural resources and minimize environmental impacts [15]. According to the principle of sustainable development, family farms can optimize material recycling which can result in increased yields and profits, as well as reduced non-point source pollution [16,17]. Under the traditional production model, agricultural wastes such as livestock manure generated in the production process are directly discharged without any technical treatment. Adoption of biogas digesters can reduce such pollution by converting livestock wastes to marketable assets. Use of biogas digesters for livestock manure is part of a more general framework to recycle natural resources to improve sustainable development of the economy, society, and the natural environment [18].



Recent intensification of family farms around the world has caused significant environmental pollution [19,20]. The family farm has taken advantage of economics; however, it has also brought serious problems of environmental pollution [21]. Therefore, it is necessary to use waste recycling to reduce pollution and increase economic benefits [22]. In rural areas, agricultural waste pollution has exceeded the level of industrial pollution and has become the main source of non-point source pollution. In order to realize the sustainable development of family farms, agricultural wastes can be turned into valuable resources through recycling [23]. Previous studies on the recycling of agricultural waste have mainly focused on livestock manure and crop straw that contain a lot of organic matter [24]. After reasonable treatment and final reuse, agricultural wastes can produce certain economic value, reduce environmental pollution, and maintain high levels of agricultural development at the same time.



Researchers have improved processes used to recycle agricultural wastes, which include use of Rhizobia bacteria in addition to other processes. The recycling of phosphate fertilizer is discussed from the perspective of food security [25]. Agricultural-irrigation-wastewater recycling treatment can also promote crop production [26]. Crop straw and livestock manure can be recycled through fermentation technology to produce biogas energy for clean production, and can also be transformed into high-quality agricultural organic fertilizer [27,28]. Biogas digesters have become more common on rural Chinese family farms. We present our visual representation of agricultural waste recycling, using Chinese pig-farm biogas digestion of hog manure as an example (Figure 1).



It is vital to understand different models used to represent the recycling of agricultural wastes [29,30,31]. For example, Life Cycle Assessment (LCA) is an important tool to support recycling decision-making. Application of Life Cycle Cost (LCC) has also developed rapidly. However, it is easy to confuse the concepts of related cost analysis tools, and the boundaries of various cost analysis systems are also not clear [32,33]. Therefore, we decided to use the Material Flow Cost Accounting (MFCA) method.



Material flow analysis is an effective method to evaluate the sustainability of social and economic development and reflect environmental changes [34,35,36]. Material Flow Cost Accounting (MFCA) is known as one of the most basic environmental-management accounting tools [37]. MFCA highlights the relationship between accounting elements and environment elements in order to make better management decisions [38]. MFCA was first applied in Germany to calculate related costs by building the material flow model, but the calculation process is more complex. In order to make MFCA more operational, Japanese scholars have further improved this method. In 2008, Japanese researchers jointly drafted an international standardization proposal on MFCA. During September 2011, the International Organization for Standardization technical committee (ISO/TC 207) issued the General Framework of Environmental Management—Material Flow Cost Accounting [39,40,41]. This manual covers the research framework of MFCA, which includes the determination of relevant general terms, objectives and principles, basic elements, and implementation steps [42]. The abovementioned standard has been recognized and promoted globally. The principle and method of MFCA has become an important basis for waste management and decision-making [43,44].



Current studies of family-farm waste recycling have mainly focused on technical characteristics. Fewer studies have been conducted that integrate economic and environmental benefits based on sustainable development theory. MFCA is a type of environmental management accounting. It provides a way to analyze the resource losses more comprehensively on family farms. This paper aims to provide a reference for the development of agricultural waste recycling in general. Based on the principle of Material Flow Cost Accounting (MFCA), the objective of our research is to apply the MFCA model to evaluate biogas digesters on Chinese hog farms in order to quantify costs related to (a) resource losses and (b) environmental damages. We show that application of this MFCA model can indicate how Chinese family farms can be more sustainable for not only farmers but also government agencies assisting China’s agricultural community.




2. Methodology of Extended MFCA for Family Farms


2.1. Basic Principles of Material Flow Cost Accounting


In the traditional cost accounting system, the standard cost method is among the most widely used. It divides the cost items involved in the family farm into direct materials, direct labor, other direct costs, and overhead, and it counts all production-related input costs into the value of finished products, including waste of materials and resources in the production process. During the actual production and operation process, the waste of materials and resources is inevitable, but if these wastes are recycled, wastes can produce value. Therefore, traditional accounting methods do not consider the recycling of resources, nor accurately reflect the value of wastes.



Material Flow Cost Accounting (MFCA) is a new research perspective of resource management, environmental protection, and economic benefits in order to promote the sustainable development of family farm. Therefore, the purpose of MFCA is to visualize the loss of resources. This type of cost accounting method explains the output of material flow in a certain link and the amount of wastes from two aspects: physical units and monetary value [45,46]. The basic view of material flow accounting is that the impact of human activities on the environment depends to a large extent on the quality and quantity of natural resources, as well as substances and waste discharged into the environment from economic systems. The use of natural resources will cause the exhaustion of resources, while the discharged substances and waste will cause environmental pollution. Accurately estimating the indirect environmental costs of not adequately recycling agricultural wastes can quantify the value of integrated farming systems. This can justify capital investment in systems like manure biogas digesters, which can increase farm profits by reducing purchased external inputs. These profits can then be re-invested to cover annual farm maintenance of these newly installed technologies.



However, the traditional MFCA method mainly focuses on the “monetization value of positive products”, does not further calculate the “environmental damage cost”, and fails to analyze and provide a direct monetized basis from an accounting perspective. Traditional MFCA has difficulty both measuring negative products accurately and estimating the impacts of farm wastes on the environment. Our study on Chinese family hog farms expands the MFCA accounting method and combines sustainable development of the family farm with environmental management accounting. Through the accurate calculation and indirect costs of not recycling hog manure, our models can help farm managers reduce nutrient losses through closed-loop nutrient and waste recycling.




2.2. Material Type of Agricultural-Waste Recycling


Material Flow Cost Accounting (MFCA) is based on material flow analysis between the natural environmental system and the farm-level socioeconomic system. MFCA can explore the relationships between specific inputs, outputs, and wastes during farm-level production. It provides an effective quantitative analysis tool for measuring the sustainable development of the economy and the utilization rate of resources. Therefore, applying the MFCA method requires understanding the types of materials involved.



The traditional Chinese family hog farm has concentrated resource use (e.g., feed, energy, etc.) when breeding of sows and rearing piglet litters. This stage of hog production can directly discharge pollutants and wastes into watersheds without centralized treatment of excreta. According to the theory of sustainable development, the goal of family farm is to maximize economic and environmental benefits. While pursuing economic benefits, family farms should make full use of the materials involved in the production process, so as to reduce the input of material resources, reduce the negative impact on the environment during the production process, and increase food production [47,48,49,50]. Therefore, it is important to identify the input and output types of materials involved. Taking the integrated hog-breeding farm as an example, the types of material involved in the production process are shown in Table 1.



Biogas digesters are constructed on Chinese family farms based on principles of material flow in ecological systems. Biogas, biogas slurry, and biogas residue can be obtained by composting, anaerobic fermentation, and other specialized treatment. Some of the treated manure contains nitrogen, phosphorus, potassium, and other elements, which can play a role in improving soil fertility. Biogas solids are suitable for use as fertilizer directly applied to crop fields. Some feces and sewage are fermented by biogas engineering to produce biogas, which is collected and utilized for power generation after purification. Biogas engineering is an important intermediate link in the agricultural-waste-recycling model, and it can be an important contributor to appropriate recycling of farm manure and wastes.



At the same time, the main waste straw produced in the process of grain cultivation is also a valuable renewable resource, which is an important component of biomass resources. In traditional agricultural systems in China, straw is the waste left after harvest. It is one of the most important fuels in rural areas. A large amount of straw is usually burned directly for heating, power generation, and other agricultural activities. This results in carbon dioxide emissions and a waste of carbon resources. Improved waste recycling involves using straw as a moisture-conserving mulch or for livestock feed and bedding. This can increase recycling efficiency by returning the carbon in straw back into integrated crop–livestock systems rather than being lost as greenhouse gas emissions.




2.3. Steps of Extended Material Flow Cost Accounting for Family Farms


Material Flow Cost Accounting (MFCA) is based on the principle of material balance, that is, the inflow and outflow materials are equal (Equation (1)). The purpose of MFCA is to visualize the loss of resources. Extended MFCA is divided into five steps.


   ∑   Input   Product    =  ∑   Output   Product       



(1)







The first step is to identify cost items. Different from the standard cost accounting method, the MFCA system divides cost items into three categories, namely material cost, system cost, and energy cost which cannot be directly included in a single quantity center. All three types of cost need to be allocated. The reclassification of cost items will clearly reflect the material waste, labor costs, and energy losses concealed under the traditional cost accounting method. Components of each cost center is shown in Table 2.



The second step is to distinguish the positive and negative products of each quantity center, and calculate the proportion of positive and negative products. This step is the basis of MFCA application. Referring to the concept of “unit” in activity-based costing, the set of accounting objects is regarded as a “quantity center” to calculate the input and output of resources. According to the environmental management standard system, the output materials are divided into two categories: positive products and negative products. The final product or the semi-finished product flowing to the next process is called “positive product”. The “negative product” includes some unqualified products and by-products, materials, waste products of daily consumption, etc. Some of these can be recycled directly, others need special treatment through technical methods, and then put through the production process again. An example of a quantity center is shown in Figure 2.


   ∑   Output   Product  =  ∑   Positive   Product  +  ∑   Negative   Product         



(2)







Therefore, according to the principle of material balance, if the quantity of input material is equal to that of output material in the system, the quantity of input material and output positive products can be calculated first. These quantities can be accurately measured, while the quantity of negative products are difficult to measure. Negative products can be obtained by deducting positive products from input materials, so as to calculate the positive products and negative products of each quantity center for better resource loss visualization.



The third step is to prepare the cost flowchart based on material flow analysis shown in Figure 3. According to the material flow of each quantity center, the input and output quantity of material is transformed into cost representation. At the output end of the quantity center, the total cost is allocated according to a certain standard, and the cost accounting flowchart based on material flow analysis is prepared. As shown in Figure 3, which represents material cost (MC), system cost (SC), and energy cost (EC). On the basis of quantitative accounting, the cost of new input and the cost transferred from the center of material flow are allocated. This step is the core of Material Flow Cost Accounting.



The fourth step is to prepare the material flow cost table (Table 3). Within the boundary of Material Flow Cost Accounting, according to the principle of cost allocation, the cost of each quantity center is allocated between the positive and negative products of its output. The costs of positive and negative products can also be calculated for each quantity center. Collecting and distributing the cost of products makes the resource loss cost and composition of negative products appear. On this basis, the total costs of positive products (TCpp) and negative products (TCnp) in the whole production process are calculated. Compared with the total input costs, the positive-product rate and negative-product rate of each center are calculated, and the material-flow-cost table is compiled. By comparing and analyzing these two rates, we can judge the economic cost-effectiveness of the whole production process, as well as the cost composition of products and wastes. We also can find out the key points of resource loss and identify the production links that need to be strengthened, improve the efficiency of resource utilization, and fully realize the dual significance of reducing waste generation to improve efficiency and reducing environmental load. Using extended MFCA, the family farm may be able to achieve sustainable development goals.



The fifth step is environmental damage cost (EDC) accounting. The confirmation of environmental damage cost is the key to extended MFCA. It is difficult to monetize environmental damages. In the traditional MFCA system, the impact of waste discharge on the environment is not considered from the perspective of monetary value. In fact, in the process of continuous consumption of resources and waste generation, waste discharge has caused pollution and damage to the natural ecological environment, resulting in external environmental damage costs. Agricultural production and the natural environment are inseparable, so the cost of environmental damage has a huge impact on the total value of the final product of the whole agricultural production system. For example, the family farm using biogas digester will reduce the economic cost and environmental cost.



MFCA is considered extended since, on the one hand, it breaks through the limitation of ignoring the value of agricultural waste under the traditional accounting method by making transparent both resource use and the monetary value of waste. On the other hand, according to the principle of material flow balance, extended MFCA internalizes environmental costs of waste discharge into the cost accounting system. Clear valuation of environmental damages can better inform farm managers to make better decisions, such as when to adopt biogas digesters.





3. Case-Study Analysis Results


3.1. Case-Study Flowchart


Compared to traditional pig farms, modern pig farms adopt phased scientific breeding management. In the preparation process, pig farms purchase related equipment, feed, veterinary drugs, and other production materials. In the breeding-livestock production process, piglets are considered to be a positive product that is fattened during confinement to produce marketable hogs. At the same time, porcine fecal and gaseous wastes are produced. Biogas digestion on pig farms can be divided into four quantity centers, with each center utilizing inputs to produce outputs (Figure 4).




3.2. Case-Study Farm Production and Cost Accounting


3.2.1. Pork and Biogas Production


The sample selection of this paper is based on the field investigation with reference to the relevant production data and financial data from financial reports (2016), Hunan Province statistics and Ministry of Environmental Protection of China (MEP). This pig farm was founded in 2009, located in Dong Kou County, Shao Yang City, Hunan province, China, covering an area of 234.8 mu. The pig farm has 3912 live pigs annually, including 378 sows. In order to purify the environment and reduce pollution and production cost, the construction of a biogas digester for energy savings and emissions reduction was completed in 2016.



Our case-study hog farm was consistent with other pig farms in Hunan Province, requiring 1533 kg of feed per sow per year. The unit price of feed is ¥1.45/kg. One sow produces 19.8 piglets and 18.7 fattening piglets on average, with a survival rate of 94.4%. Piglets weigh 19–20 kg in 60 days and requiring 55–60 kg feed. The market price of feed is ¥2.1/kg (US$0.32/kg, JP¥32.76/kg). Fattening pigs generally need 120–180 days to grow up to 110–120 kg for sale, require 335–340 kg feed. The market price of fertilizer is ¥1.50/kg (US$0.23/kg, JP¥23/kg). Assuming that the fattening pigs are commercial pigs weighing 120 kg, fecal waste and urine generated annually averages 230 and 167 kg, respectively. Production costs of pig breeding are the most for feed (74%), followed by purchased piglets (20%); animal protection (4%); and water and electricity use, shed loss, etc. (2%).



The development of modern pig breeding industry is inseparable from the construction of supporting facilities biogas digester. Biogas can replace coal, petroleum, liquefied gas, electric power, and other energy consumed by traditional pig farms. The biogas residue and biogas slurry produced by biogas digester can also be used as feed, bait, and other raw materials for agricultural enterprises. According to technical recommendations for Chinese hog production under normal management practices, it is necessary to build about 20 cubic meters of biogas digester to treat the livestock manure produced by 100 pigs at a cost of about ¥4000. Since fermentation temperature, different regions and gas productions are different, the size of biogas digester is generally changed from 0.2 to 0.8 cubic meters, according to the different technology. Thus, a biogas digester can produce 20 to 80 cubic meters of gas per day. Biogas can replace the electricity and heat energy needed in daily life and work, and reduce the production and operation costs for farmers. Assuming that all the biogas produced can be converted into electrical power, 100 cubic meters of biogas can generate 195 to 243 kilowatt hours.




3.2.2. Internal Cost Accounting


According to the principle of Material Flow Cost Accounting and material-flow balance, the relevant data mainly include input raw materials, basic materials, output products, waste, and related emissions. In our scheme, the feed and drinking water consumed in the production process is considered into the material cost in quantity center; the cost of hydro power is included into the energy cost; the costs of labor, overhead and depreciation are included into the system cost.



In quantity center 1, the material costs include the cost of sows feed, the cost of piglets feed and the cost of drinking water, which are totaled to ¥1,981,122. The costs of water and electric power are included into the energy cost, which are allocated between the quantity center 1 and center 2, according to the pig weight. Further, since the drinking water of livestock and poultry in farms is often obtained from groundwater, the production cost is basically not generated for the use of water resources; then, the energy cost in the production stage mainly refers to ¥9120 of electricity cost. Additionally, the labor cost (¥21,621), manufacturing cost (¥53,105) and depreciation cost (¥445,521) are included into the system cost. These costs are also apportioned between the quantity center 1 and center 2 according to the pig weight. The survival rate of piglets in quantity center 1 is calculated to be 90%, that is, the cost of treating diseased and dead pigs is about 10% of the whole cost of piglets. The produced feces pollution is 328,709 kg.



In quantity center 2, the weight of piglets transferred from quantity center 1 to quantity center 2 is 149,688 kg. According to the material cost of ¥10 per kilogram, the total material cost of fattening production stage is ¥8,858,219. Similarly, the costs of water and electricity are included into the energy cost, totaling ¥20,436. The system costs include veterinary drug cost, labor cost, piggery repair cost, related equipment purchase and installation cost, depreciation cost. In quantity center 2, the labor cost is ¥340,538, the manufacturing cost is ¥836,412, and the depreciation of fixed assets is ¥537,363, so the total system cost is ¥ 1,714,313. Further, 848,232 kg pigs are sold and 3,418,572 kg feces are produced, where the survival rate of pigs is calculated to be 90% in quantity center 2. So the cost of sick and dead pigs is apportioned as 10% of the cost of commercial pigs.



In quantity center 3, the material cost mainly comes from the cost of treating livestock manure in quantity centers 1 and 2, and the cost of treating crop straw in quantity center 4. In this center, the allocated costs are ¥7,946,217, where the material cost generated by the new auxiliary materials is ¥23,400, and the system cost generated by mechanical maintenance, labor and equipment depreciation is ¥203,319. Moreover, the output of biogas is 7300 cubic meters, which is partially used for power generation. Further, the biogas digester outputs 1367 tons of biogas slurry fertilizer and 37.5 tons of primary organic compost. Additionally, the power consumption is included in the energy cost. However, because part of the generated biogas can be used internally for power generation, there is no additional cost. Moreover, 400 tons of biogas slurry and 25 tons of primary organic compost can be sold every month. Therefore, it can be assumed that the biogas digester does not produce waste since transferred livestock manure and crop straw are fully utilized.



In quantity center 4, we assume that the land cost is not taken into account. Moreover, the biogas slurry and biogas residue from quantity center 3 can produce organic fertilizer which can be used for the grain field. Since the straw coefficient is set to 0.5, costs are equally allocated for straw and grain respectively. Further, certain organic fertilizer can be obtained through the biogas system, and organic fertilizer can replace chemical fertilizer to be used for grain field. Therefore, the amount of chemical fertilizer used for grain field is reduced, which is in line with the reduction principle of the circular economy.



Based on the above analysis of the production process for a pig farm, Material Flow Cost Accounting can be used to determine the cost flow of waste recycling. The total material cost, energy cost, and system cost of positive and negative products are calculated (Figure 5). The currency data is also available in a Supplementary Material file as Figures S1 and S2 for US$ and Japanese yen respectively.




3.2.3. External Environmental Damage Cost Accounting


The main difference between the extended MFCA and the traditional cost accounting method is the calculation of external environmental damage cost [51]. Wastes generated during the livestock production process include manure, dead animals, and greenhouse gases which can have a huge impact on the environment. Therefore, environmental costs need to be included in agricultural-waste-recycling models.



This paper introduces the life-cycle impact assessment method based on endpoint modeling (LIME), which has been popularized in Japan to measure the external environmental damage of agricultural waste from the perspective of monetization. External environmental damage costs were estimated (Table 4). Methane gas is emitted from livestock manure and is the main component of biogas. If a large amount of methane and carbon dioxide are directly emitted into the air, it can cause greenhouse warming. Chemical Oxygen Demand (COD) is another important indicator reflecting the organic pollution of water, which can represent the degree of water pollution. Nitrogen oxides produced by decaying organisms can form acid rain, reduce soil quality and harm crops. The total cost of external environmental damage is estimated at ¥118,193.





3.3. Results


Based on the above calculation results, we can clearly disclose the cost flow of agricultural waste recycling on our case-study pig farm. On the one hand, the cost of negative products accounts for 7% of the total cost. The material cost accounts for the largest proportion of the total cost. Negative products mainly consist of dead pigs. Livestock manure and straw can be recycled through biogas engineering. Assuming that no negative products were produced during biogas production, livestock manure and straw can be fully utilized. Under traditional cost accounting, the cost of material consumed by dead pigs is included in the cost of commodity pigs. According to the principle of Material Flow Cost Accounting, we can calculate the cost of dead pigs as negative products. Therefore, farmers can see the resource losses more intuitively. On the other hand, most of the material cost of the biogas digester comes from the feces pollution produced by quantity center 1 and center 2.



As shown in Figure 6, there are seven axes from the center of the diagram grouped into three axes representing system production costs (MC, SC, and EC) and four axes representing environmental costs of wastes generated (CO2, CH4, COD, and NOx). The center of the figure shows the boundary of a family farm with a biogas digester. Outside of the boundary represents traditional family farms that do not use biogas digesters. Numbers represent relative costs point to point. Compared with the traditional family farm, the economic costs (red lines and rectangles) and environmental costs (blue lines and rectangles) are relatively lower by using the biogas digester. Moreover, the utilization ratio of resource is greatly improved. If the manure is used improperly in the biogas project, it will also cause the loss of resources.



Using the extended MFCA method, we estimated both internal resource costs and environmental costs of Chinese pig production with and without using a biogas digester. When biogas digesters are not used, agricultural livestock production wastes such as pig manure and straw were not effectively utilized and their values not captured. Moreover, the direct external discharge of wastes such as hog manure increases external environmental costs. When Chinese family farms producing pigs adopt biogas digesters, both production costs and external environmental costs are decreased. Thus, from an economic accounting perspective, biogas digesters can be a “win-win”, conferring both economic and environmental benefits to farms willing and able to invest in such technologies.





4. Discussion


Increasing domestic demand for pork in China has accelerated hog production on family farms [52]. From a global nutrient-cycling perspective, Chinese hog farms are increasingly becoming nutrient sinks as purchased feed becomes concentrated as manure wastes on-farm resulting in eutrophication of watersheds and contributing to national greenhouse gas emissions [19]. Biogas digesters are becoming an increasingly popular technology used by livestock producers globally to better use nutrient and gaseous wastes from livestock manure [23]. Our results suggest that biogas digesters can simultaneously reduce both production costs and environmental costs of hogs produced on family farms in China. This improves on the prior literature but also highlights challenges that need to be addressed in the future.



We have provided a framework to compare economic material flows for livestock systems before and after implementation of agricultural-waste recycling. Past research on these systems used on family farms have focused exclusively on technological attributes without accounting for economic and environmental characteristics [25,26]. Limited research has been conducted on the integration of economic and environmental benefits based on sustainable development theory. According to the principle of Material Flow Cost Accounting, we attempted to optimize the agricultural-wastes-recycling model and identify the hidden costs, so as to determine the resources loss cost and environmental damage cost to improve the operation of family farms producing pigs in China.



Extended Material Flow Cost Accounting provided a way to analyze the resource losses comprehensively on family farms. Our case-study results show that the loss of agricultural resources in the process of recycling and the impact on the environment can be monetized and visualized by applying the cost-flow model. Furthermore, agricultural-waste recycling has also a positive impact on local communities in rural China. It can reduce environmental pollution and provide employment opportunities from start-up businesses in China’s rapidly emerging livestock-waste-treatment industry. However due to the uncertainty of agricultural-waste collection and accounting, it is difficult and complex to obtain accurate data, and the specific cost flow cannot be reflected in a short time. Therefore, the accuracy of our proposed method and model depends on whether farms can further improve the cost-accounting system, especially the accounting of waste.



The adoption of biogas digesters on livestock farms can be a key tool used to recycle agricultural wastes on farms. Livestock manure goes to waste since it is not valued as a stable composted fertilizer, electrical energy source, or potential heat co-generated for other integrated agricultural enterprises. Our results are consistent with studies that have shown that biogas digesters can reduce energy and fertilizer costs and produce environmental benefits [53,54]. By better quantifying the economic and environmental benefits of using a biogas digester for Chinese hog farmers, more local producers may be encouraged to adopt these systems. Assuming that total revenues are constant, projected reductions in annual costs should increase farm profits. Producers can then determine if such projected increases in annual profit can pay for the initial capital investment in biogas digesters and if so on what time horizon. Adoption of more biogas digesters by Chinese livestock producers can increase, as these farmers attach more value to the ability to produce stable composted fertilizer, electricity, and co-generated heat that can be used for other integrated agricultural enterprises [55,56,57,58].



Additionally, we have the following suggestions to optimize the current agricultural-waste recycling of family farms and achieve the dual purpose of saving costs and reducing environmental pollution. Agricultural-waste recycling needs to establish standardized management. An important reason for the failure of waste recycling is the lack of corresponding standards and standardized management. Therefore, the expected effect of waste recycling cannot be achieved. Waste-recycling standardization is the product of waste-recycling development to a certain stage. The formulation of standardization provides important technical support for accelerating economies of scale in agricultural-recycling industries. The government should strongly support family farms that use biogas digesters to deal with livestock-manure pollution and give certain special subsidies or financial assistance.




5. Conclusions


In this paper, we aimed to optimize an agricultural-waste-recycling model in rural China. Here, the purpose of such optimization is to effectively reduce both input use and environmental pollution from hog manure. To better quantify the environmental impacts of hog farming on Chinese family farms, we used extended MFCA to account for and estimate environmental damages. Based on the extended MFCA method, we can conclude that, when the family farm adopts a biogas digester, both internal resource losses and externalized environmental damages are reduced. From an accounting perspective, we have demonstrated that adoption of biogas digesters can confer both economic and environmental benefits. Our results suggest that the extended MFCA method can be used as a viable alternative to other models measuring agricultural sustainability, as well as a complement to standard agricultural economic methods, such as production budgets and econometrics. However, since there are many different types of livestock farms in China, each with different production characteristics and types of wastes, the extended MFCA model needs to be adapted to each livestock industry. Future research should focus not only on the diversity of livestock industry wastes but also on how these wastes can be better integrated into other related industries. Expanding use of MFCA can be part of a process to increase the breadth and depth of optimizing livestock waste in China, as well as the rest of the world.
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Figure 1. Framework of agricultural-waste recycling in pig farm. 
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Figure 2. Example of quantity center of Material Flow Cost Accounting. 






Figure 2. Example of quantity center of Material Flow Cost Accounting.



[image: Sustainability 13 05515 g002]







[image: Sustainability 13 05515 g003 550] 





Figure 3. Cost flowchart for Material Flow Cost Accounting. 
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Figure 4. Chart of production flow of pig farm. 
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Figure 5. Cost flow based on material flow analysis (currency unit: Chinese ¥). 






Figure 5. Cost flow based on material flow analysis (currency unit: Chinese ¥).



[image: Sustainability 13 05515 g005]







[image: Sustainability 13 05515 g006 550] 





Figure 6. Costs of family farms with biogas digester (currency unit: Chinese ¥). 
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Table 1. Material types for Chinese family hog farms.
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Quantity Center

	
Type

	
Name

	
Unit

	
Type

	
Name

	
Unit






	
Livestock production

	
Raw material

	
Breeding livestock

	
kg

	
Product

	
Commercial livestock

	
kg




	
Feed

	
kg

	
Waste

	
Livestock manure

	
kg




	
Chemical fertilizer

	
kg

	
Diseased livestock

	
kg




	
Pesticides

	
kg

	




	
Energy

	
Electricity

	
Kwh




	
Water

	
m3




	
Grain field

	
Raw material

	
Seed

	
kg

	
Product

	
Grain

	
kg




	
Chemical fertilizer

	
kg

	
Waste

	
Straw

	
kg




	
Pesticides

	
kg

	




	
Energy

	
Water

	
m3




	
Electricity

	
Kwh




	
Biogas project

	
Raw material

	
livestock manure

	
kg

	
Product

	
Biogas

	
m3




	
Straw

	
kg

	
Biogas slurry

	
kg




	
Energy

	
Electricity

	
Kwh

	
Biogas residue

	
kg
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Table 2. Cost center classification components.






Table 2. Cost center classification components.





	Cost Items
	Object of Study





	Material cost (MC)
	Major, secondary, and auxiliary production materials



	System cost (SC)
	Labor cost, equipment depreciation, etc.



	Energy cost (EC)
	Electricity and fuel costs.
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Table 3. Material flow cost table equations for positive and negative products.
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	Material Cost
	System Cost
	Energy Cost
	Total





	Positive Product
	     ∑  i = 1  n   M  C  p p n       
	     ∑  i = 1  n   S  C  p p n       
	     ∑  i = 1  n   E  C  p p n       
	   T  C  p p     



	Positive-Product Rate
	    R  M C p p     
	    R  S C p p     
	    R  E C p p     
	    R  p p     



	Negative Product
	     ∑  i = 1  n   M  C  n p n       
	     ∑  i = 1  n   S  C  n p n       
	     ∑  i = 1  n   E  C  n p n       
	   T  C  n p     



	Negative-Product Rate
	    R  M C n p     
	    R  S C n p     
	    R  E C n p     
	    R  n p     
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Table 4. External-environmental-damage-cost accounting.
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	Type
	Quantity (kg/Year)
	LIME

(Japanese yen/kg)
	External

Environmental Damage Cost

(Japanese yen)
	External

Environmental Damage Cost

(Chinese yuan ¥)
	External

Environmental Damage Cost

(US $)





	   C  O 2    
	967,910
	1.74
	1,684,163
	107,786
	16,168



	   C  H 4    
	273
	4.43
	1209
	77
	12



	   C O D   
	125,300
	0.64
	80,192
	5132
	770



	   N  O x    
	576
	141
	81,216
	5198
	780



	Total
	
	
	1,846,781
	118,193
	17,730
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