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Abstract:

 To reduce waste and wastewater pollution and to improve the utilization rate of resources in the pig-industry chain, a circular economy of the chain can be developed. The key to constructing the circular economic system of the pig-industry chain is to determine the path of the cyclic materials and to design reasonable waste- and wastewater-treatment capacities. This paper focuses on the treatment and recycling of wastewater in the pig-industry chain and the treatment and recycling of waste into manure and feed. After giving the two circular paths, the paper proposes a multi-objective uncertainty-optimization model for the cyclic links of the pig-industry chain with the highest resource-reuse efficiency and the lowest construction cost based on the uncertainty of market demand. Using a combination of the neural network and genetic algorithm method for designing the solution process for the model, the paper finally introduces the determination methods of relevant parameters and verifies the feasibility and effectiveness of the model through a case study.
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1. Introduction

A circular economy [1], or a material cyclic flow-based economy, refers to an economy that relies on ecological resources. This type of economy is transformed from the traditional economy of linear growth, which relies on resource consumption in the entire process of resource investment, enterprise production, product consumption and waste disposal within the larger system of people, natural resources and science and technology. Its theoretical principles are elaborated in the “spaceship theory” [2] proposed by Kenneth Boulding in the 1960s. Since the 1990s, the implementation of sustainable development strategy, environmental protection, clean production, green consumption and waste regeneration and re-use have become gradually integrated into a circular economic strategy featuring resource cyclic utilization and the avoidance of waste generation. The concept of a circular economy has therefore been systematically introduced into Chinese academic circles [3,4].

In 2013, the “State Council’s Notice on Issuing the Circular Economy Development Strategy and Action Plan for the Near Future” formally initiated the concept of “cyclic links” [5] to encourage enterprises and industries to establish circular economic complexes of material flow, capital flow, and product links, to promote circular linking and symbiotic coupling among industry, agriculture and service industry, and to realize resource recycling across enterprises, industries, and regions. In the era of environmental protection, developing a green supply chain is a necessary requirement [6]. The combination of environmental protection and resource conservation greatly promotes the development of a green supply chain, which offers the basic principles of the cyclic economy [7,8,9].

China’s meat-consumption structure features a proportional relation of 64:19:9:6:2 for pork, poultry, beef, lamb, and other livestock meat, of which pork consumption accounts for the largest proportion. Its demand is large and persistent, and the breeding technology is relatively simple with relatively stable production. Therefore, the development of the pig-industry chain has been rapid. However, there is serious pollution in the live pig-industry chain. During the large-scale pig-breeding process, the manure, sewage, and noise produced from pigs and the sewage, dust, and odor produced from pig cleaning, breeding sites and utensils may cause cross-compound damage and destruction to the atmosphere, water, soil and organism layers, exerting an interactive influence on the pig-farming system and the ecological system. Determining how to solve the pollution problem generated in pig breeding and slaughtering to promote the economic prosperity of the pig industry while preserving the local ecological environment is an important issue for realizing sustainable pig-industry development [10,11]. A realistic and effective way is to develop a circular economy of the pig industry and to construct a circular economic development model that adapts to local conditions. Closely linked with animal husbandry is the upstream planting industry, both of which are two extremely important parts of agriculture. The two industries are mutually connected and promoted. On one hand, the planting industry provides essential feed for the development of animal husbandry, and it is regarded as the basis for the development of animal husbandry. On the other hand, the development of animal husbandry provides the fertilizer, motive and money needed for the development of the planting industry [12]. Therefore, the route from planting to pig breeding and then to pig slaughtering is the core route for the development of the circular pig economy. Mao Lairong (2009) noted that the development of animal husbandry under a circular economy is the best development mode for realizing a benign interaction between the economy and the environment and for the harmony of man and nature; moreover, it is the strategic choice for building a resource-saving and environmentally friendly society and for promoting sustainable development. He proposed three types of circular economic modes: ecological, infrastructural and environmental [13]. Zhang Ouxiang and Li Wei (2010) put forward sustainable circular economic development modes for animal husbandry suitable for different industrial belts of husbandry based on problems in the husbandry development of Anhui Province. They argued that the development of animal husbandry should follow scientific development and the “3R” principles; in practice, attention should be paid to the demonstration and promotion of typical patterns and the formation of industrial chains of circular economy while focusing on conventional problems of overall planning, rational layout, institutional strengthening and the cultivation of operational mechanisms [14]. In view of the development of the pig-industry chain, many related scholars studied this topic from two angles: the green supply chain and sustainable development [15,16,17]. Nevertheless, quantifiable solutions in sustainable development will be advanced through research for the present-day world [18,19].

It is obvious that most current research on circular economies is concerned with the exploration of relevant paths and is oriented toward technology. Less research has been conducted on specific applications of existing recycling technology in the construction of the circular economy system [20], and studies on the quantitative effect of market demand change on the construction of the circular economy system are rare [21]. This paper attempts to build a quantitative optimization model for the pig-industry chain link based on the uncertainty of market demand.



2. Circular Economic System for Live Pig Industry

Pollution in massive pig breeding: During the massive pig-breeding and -cleaning process, pig manure, sewage, noise, sewage, dust and odor from breeding sites and instruments may cause cross-compound damage and destruction to the atmosphere, water, soil and organism layers, exerting an interactive influence on the pig-farming system and the ecological system. Gan Lu et al. (2006) argued that pollution from large-scale livestock and poultry industries have two characteristics. One is the large amount of animal excrement produced; for example, in 1999, the livestock and poultry excrement production in China was 2.4 billion tons, and the organic pollutant COD in these excrement was 8118 tons, far greater than the sum of CODs in industrial and domestic sewage and other pollutants. The second is the very serious pollution of livestock excrement in environment. The authors noted that more than 98% of farms in China directly discharge excrement and wastewater without any treatment. Excrement and sewage are home to mosquitoes and bacteria, which contribute to the spread of diseases and affect residents’ life and health through polluting the surrounding surface water and groundwater [22].

Circular economic development requires a vigorous increase in resource-comprehensive development and the recycling-utilization rate in the resource-exploitation step, a vigorous increase in resource-utilization efficiency in the resource-consumption step, a vigorous comprehensive utilization of resources in the waste-generation step, the vigorous recycling and reuse of various wastes in the renewable resource-production step, and a vigorous promotion of green consumption in the consumption step [23]. This paper argues that in the circulation of solid materials, planting products, in addition to direct sale in the market, can be used for breeding pigs, poultry, fish and other animals as feed, and feces, offal and other waste produced from pig breeding and slaughtering can be used in planting, poultry and aquaculture as manure and feed [24]. In the circulation of liquid materials, large amounts of water are needed for slaughtering pigs, which will produce a large amount of polluted water. The existing purification technology is able to treat this type of waste water to be used for irrigation, cleaning and other household uses; therefore, it is possible to realize the recycling utilization of water resources in farming, pig breeding, pig slaughtering, poultry and fish breeding [25]. To sum up, this paper focuses on the live pig industry to establish a circular economic system of the pig industry, as shown in Figure 1.

Figure 1. The circular economic system of the live pig industry.
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3. Cyclic Model for Live Pig-Industry Chain


3.1. Problem Description

The main purpose of this paper is to optimize the cyclic links for the live pig industry and to reasonably determine the wastewater-treatment capacity and waste-disposal capacity according to the market demand for the entire cycle. The specific issues are as follows: to reduce the pollution of the pig-industry chain and to improve the efficiency of the resource-utilization rate, the development of the pig-industry chain under a circular economy will determine reasonable wastewater and waste-processing capabilities [26]. Based on the demand distribution of each terminal product in the cyclic system, which fits with the historical data of regional market demand, we can make optimal decisions based on the production capacity, the waste-disposal capacity, and the distribution of the recycling materials of each link in the cyclic industrial chain to ensure that the production and waste-disposal capacity of the cyclic industrial chain can not only meet market demand but also maximize resource reuse and minimize investment. This problem is a multi-objective optimization problem that contains uncertain constraint conditions. Therefore, it is possible to construct a multi-objective uncertainty-planning model to solve the optimization problem.



3.2. Symbol Description

Because the pig-industry chain cycle contains many different enterprises engaging in different operations and their correlation is complicated, we start our research with an explanation of the variables and parameters that will be used in the model. Following Figure 2, the meanings of variables and parameters are defined as follows:

Figure 2. The relationship of each parameter in the circular system of the live pig-industry chain.
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	Planting capacity (The unit is kg.)
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	Production capacity of pig-breeding industry. (The unit is kg.)
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	Production capacity of pig-slaughtering industry. (The unit is kg.)
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	Capacities of other related breeding industries. (The unit is kg.)



	[image: there is no content]
	Water demand of agricultural products in planting industry. (The unit is liter per kg.)
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	Water demand of pig-breeding units. (The unit is liter per kg.)
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	Water demand of pig-slaughtering units. (The unit is liter per kg.)
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	Water demand of other related breeding units. (The unit is liter per kg.)
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	Feed demand of pig-breeding units, that is, the pig-breeding coefficient after planted products become feed. (The unit is kg.)
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	Feed demand of other breeding units, that is, the other breeding coefficient after planted products become feed. (The unit is kg.)
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	Pig demand of slaughtering units to produce pork products. (The unit is kg.)
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	Manure demand of planting units to produce agricultural products, that is, the input/output coefficient of waste manure to planting industry. (The unit is kg.)
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	Feed demand of other breeding units, that is, the breeding coefficient of other breeding industries after the waste becomes feed. (The unit is kg.)
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	Pig-slaughter capacity needed to meet the market demands. (The unit is kg.)
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	Average amount of excrement produced by pig-breeding units. (The unit is kg.)
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	Average amount of wastewater produced by pig-slaughtering units. (The unit is liter.)
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	Average amount of waste produced by pig-slaughtering units. (The unit is kg.)



	[image: there is no content]
	Conversion rate of wastewater treated to become reclaimed water.
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	Conversion rate of waste treated to become manure.
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	Conversion rate of waste treated to become feed.
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	Wastewater-treatment capacity. (The unit is liter.)
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	Waste-disposal capacity. (The unit is kg.)
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	Construction cost of wastewater-treatment unit capacity. (The unit is yuan per liter.)
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	Construction cost of waste-disposal unit capacity. (The unit is yuan per kg.)
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	Rated target utilization rate of wastewater-treatment capacity.
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	Rated target utilization rate of waste-disposal capacity.
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	Use amount of circulating water in planting industry. (The unit is liter.)
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	Use amount of circulating water in pig-breeding industry. (The unit is liter.)
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	Use amount of circulating water in pig-slaughtering industry. (The unit is liter.)
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	Use amount of circulating water in other livestock-breeding industries. (The unit is liter.)
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	Use amount of recycling manure in planting industry. (The unit is kg.)
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	Use amount of recycling feed in other breeding industries. (The unit is kg.)
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	Market demand for agricultural products. The random variables and distribution function can be determined by the empirical distribution of historical data.
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	Market demand for pig-slaughtering products. The random variables and distribution function can be determined by the empirical distribution of historical data.
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	Market demand for other breeding industries. The random variables and distribution function can be determined by the empirical distribution of historical data.





We assume that the products of the planting industry are the products of consumers’ direct demand; that is, the products of the planting industry are converted into market-demanded products with an effective rate of 100%. Products of other breeding industries are also consumers’ directly demanded products converted into market-demanded products with an effective rate of 100%.



3.3. Model Construction

Optimization problems often involve the need to solve several objectives; therefore, many studies focus on the processing method and algorithm of multi-objective optimization problems [27]. Because the supply-chain design often involves multiple parts, multiple subjects and multiple perspectives, multiple-objective optimization is commonly adopted in green supply-chain design [28,29,30]. In cases of uncertainty or randomness in supply-chain products or raw material demand, the uncertainty programming approach is usually used to obtain more meaningful results in the closed-loop supply chain [31,32,33].

According to the approach of constructing a circular economy model for the pig-industry chain, the main task in this article is to rationally determine wastewater treatment capacity [image: there is no content] and waste disposal capacity [image: there is no content] under the probabilities ([image: there is no content], [image: there is no content], [image: there is no content], [image: there is no content]) satisfied for each condition and the recycling water allocation among each subject ([image: there is no content], [image: there is no content], [image: there is no content] and [image: there is no content]), recycling manure distribution [image: there is no content], and recycling feed distribution [image: there is no content]. To this end, the multiple-objective uncertainty-planning model is proposed as follows:
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Formula (1) shows the objective of the efficiency of the circular economy, which indicates that one of the goals of the optimized pig-industry chain cycle is the maximized use of the recycling water in the system. Formula (2) indicates that in optimizing the pig-industry chain cycle, the construction cost of the wastewater-treatment center should be as low as possible, which means that the scale of the wastewater-treatment center should be reasonable. Formula (3) is also used with the objective of an efficient circular economy, which means that in optimizing the pig-industry chain cycle, the use proportion of recycling waste in the system should be maximized. Formula (4) indicates that in optimizing the pig-industry chain cycle, the construction cost of the waste-disposal treatment center should be as low as possible, which means that the scale of the waste-disposal treatment center should be reasonable.

The random vectors included in Formulas (5)–(8) belong to random constrained functions. There is no determined feasible set; the normal practice is to set up a certain confidence level [34,35]. Formula (5) expresses the constraint condition on the capability of the wastewater-treatment center, which requires the probability that the wastewater-treatment center can handle all wastewater produced by pig slaughtering to be greater than or equal to [image: there is no content]. As wastewater treatment capacity [image: there is no content] increases, so does the probability that it can handle all wastewater produced by pig slaughtering. Formula (6) expresses the constraint condition on the capability of the waste-disposal center, which requires that the probability that the waste-disposal center can handle all waste produced by pig slaughtering and breeding be greater than or equal to [image: there is no content]. As wastewater treatment capacity [image: there is no content] increases, so does the probability that it can handle all wastewater produced by pig slaughtering. Formula (7) expresses the constraint condition for the recycling efficiency. The probability that the use rate of recycled water after treatment in the wastewater-treatment center is not less than [image: there is no content] is greater than or equal to [image: there is no content]. As wastewater treatment capacity [image: there is no content] decreases, the likelihood increases that the recycled water after treatment will be used in full, and the efficiency of the treatment center increases. Formula (8) expresses that the probability in which the total use rate of recycling manure and feed after treatment in the waste-disposal center is not less than [image: there is no content] is greater than or equal to [image: there is no content]. As waste-disposal capacity [image: there is no content] decreases, the likelihood increases for the recycled manure and feed after treatment to be used in full, and the efficiency of the disposal center increases. Formula (9) indicates that the total use amount of recycled water is smaller than the supply amount after wastewater treatment. Formula (10) expresses that the total use amount of recycling manure and feed is smaller than the supply amount after waste disposal.

Formula (11) expresses the range constraint on recycling resources, and Formula (12) is the basic constraint on capacity, including that the sewage treatment capacity should be greater than 0, the waste-disposal capacity should be greater than 0, and the production capacity of other pig industry-chain subjects should be greater than 0.



3.4. Model Solution

The model proposed in this paper is a multi-objective model, and the key to the solution is the tradeoff between multiple objectives and the approximation of uncertain constraints. In the tradeoff between multiple objectives, this paper aims to find the optimal solution of each objective one by one [36,37] and then to construct a comprehensive evaluation formula, as in Formula (13):
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(13)




where [image: there is no content], [image: there is no content], [image: there is no content] and [image: there is no content] represent the optimal solution obtained when only the single objective is considered. [image: there is no content], [image: there is no content], [image: there is no content], [image: there is no content] are weights for the different objective to reflect decision-makers’ preference between cost control and cyclic economic level and to avoid a solution that is heavily skewed. [image: there is no content], [image: there is no content]. [image: there is no content]. When the recycling water needed by all subjects in the cycling system can be provided by the recycling water, the objective Formula (1) reaches its maximum, [image: there is no content]. Similarly, when the manure and feed needed by all subjects in the cycling system can be provided by the recycled manure and feed, objective Formula (3) reaches its maximum, [image: there is no content]. When each objective can achieve its optimal value, [image: there is no content]. A reverse relationship exists among objective functions; for example, as the recycling resource-utilization rate increases, so do the wastewater-treatment, the waste-processing capabilities, and the cost. Therefore, our solution objective is to make the comprehensive evaluation index approach 1 as much as possible. That is to say, [image: there is no content] and [image: there is no content] should be as large as possible, approximating to [image: there is no content] and [image: there is no content], whereas [image: there is no content] and [image: there is no content] should be as small as possible, approximating [image: there is no content] and [image: there is no content]. However, in case there is a contradiction between objectives, weight parameters [image: there is no content]([image: there is no content]) will determine the preference level to satisfy the objectives.
In the approximation of uncertainty constraints, this paper primarily adopts the random simulation and neural network intelligent algorithm methods to approximate the uncertainty constraints. First, through the conversion rates, it is possible to calculate planting capacity [image: there is no content], pig-breeding capacity [image: there is no content], pig-slaughtering capacity [image: there is no content], other related capacity [image: there is no content] and the market random demand, as shown below:
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Putting these equations into constraint conditions Formulas (5)–(8), the uncertainty constraints with random variables can be obtained as follows:
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The total solution is divided into three processes. First, find a sufficient wastewater-treatment capacity [image: there is no content] and waste-disposal capacity [image: there is no content] that satisfy the constraints. Then, find the distribution schemes ([image: there is no content], [image: there is no content], [image: there is no content], [image: there is no content], [image: there is no content], [image: there is no content]) with a maximum resource-utilization rate under [image: there is no content] and [image: there is no content] and calculate the corresponding optimal solutions. Finally, optimize these schemes to produce new solutions, and evaluate corresponding objective values to the solutions; after a sufficient number of optimization processes, display the obtained optimal solution. The hybrid genetic algorithm is a global optimization probabilistic algorithm that can handle all types of linear and nonlinear objective functions. Its optimization ability is powerful with good adaptability and generality [38,39,40]. Therefore, this paper constructs an inner and outer double-layer genetic algorithm and a neural network algorithm for a comprehensive solution.

The concrete process is as follows:

The first step: Determine the input and output variables of the uncertainty function. According to constraints in Formulas (5)–(8) associated with the processing capacity, construct the uncertainty function as follows [41]:
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The second step: Generate the input and output samples of the uncertainty function. By random simulation, generate input and output data for the uncertain function and form the training sample. The specific process is as follows: According to the largest values of market demand in previous years, determine the value ranges of [image: there is no content] and [image: there is no content]; by random simulation, generate input and output data for the uncertain function within their value ranges. Take [image: there is no content] as an example: After randomly generating [image: there is no content], generate random simulation values according to market-demand distribution [image: there is no content], [image: there is no content], and [image: there is no content]; place them into the uncertainty function to calculate [image: there is no content] and to compare it with [image: there is no content]; count the ratio of the [image: there is no content] times in total simulations; and take this ratio as the corresponding output result of input [image: there is no content].

The third step: Train the neural network to approximate each uncertainty function. According to the training sample generated, train a neural network to approximate the above uncertain function.

The fourth step: Produce the initial population of the outer genetic algorithm. Initially generate [image: there is no content] chromosomes [image: there is no content] as the initial population, and use the trained neural network to test the feasibility of the chromosome. Calculate each viable [image: there is no content] and [image: there is no content] corresponding to the chromosome, and take the smallest [image: there is no content] and [image: there is no content] of all chromosomes as the initial [image: there is no content] and [image: there is no content].

The fifth step: Calculate the corresponding objective function values of each chromosome of the initial population by constructing an inner random expectation model. For each feasible chromosome [image: there is no content], solve the random expectation planning. Taking [image: there is no content] as an example, construct the random expectation planning as follows:
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	(1)

	Construct the uncertainty function as follows:
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	(2)

	Generate input and output data for the uncertainty function. Generate the input and output data, of which the input data are produced as below: Randomly generate [image: there is no content] in accordance with the uniform distribution in [image: there is no content]. Then, randomly generate [image: there is no content] in accordance with the uniform distribution in [image: there is no content]. Similarly, randomly generate [image: there is no content] in accordance with the uniform distribution in [image: there is no content], and finally, calculate [image: there is no content]. The corresponding output data are the expectations for the resource-utilization rate. Generate random samples according to market-demand distribution; then, calculate the corresponding uncertain function values of these samples. Finally, average the values according to the number of samples to obtain the output data of the input data under the group.



	(3)

	Use the input and output data to train the neural network to approximate [image: there is no content]. Utilize the input and output data to train the neural network.



	(4)

	Randomly generate the initial population of the genetic algorithm in the inner layer. Randomly generate sub-chromosomes to form the initial population according to step (2), and use the trained neural network to test its feasibility.



	(5)

	Crossover and mutation operation of inner-layer genetic algorithm. Conduct cross-operation and mutation operation on dub-chromosomes, generate new chromosomes, and use the trained neural network to test its feasibility.



	(6)

	Calculate the target value of the genetic algorithm in the inner layer. Calculate the corresponding objective value of each sub-chromosome, and calculate the fitness of each sub-chromosome according to the objective value.



	(7)

	Roulette selection of sub-chromosome for inner-layer optimization and iteration. Select the sub-chromosomes with roulette. Repeat (5)–(6) until the pre-set optimal number of cycles is reached.



	(8)

	Output the optimal solution of the inner genetic algorithm. Obtain the corresponding sub-chromosome of the optimal objective values.





The sixth step: Calculate the final objective function value. After obtaining the optimal recycling resource-distribution schemes of given [image: there is no content] and [image: there is no content], combine them with the results of the fourth step to calculate the fitness of the comprehensive evaluation, that is, Formula (13).

The seventh step: Calculate the target value of the genetic algorithm in the outer layer: Conduct cross-operation and mutation operation to produce new chromosomes, and use a trained neural network to test the feasibility of chromosomes. Cross-operation operators are composed of (1) the summation of two corresponding chromosomes to produce new chromosomes; (2) the averaging of two corresponding chromosomes to produce new chromosomes; (3) the differential of two corresponding chromosomes to produce new chromosomes; and (4) the alternation of two corresponding chromosomes to produce new chromosomes. The four types of operations are random. The mutation operation is (1) add or subtract a small random number on each part of a chromosome; and (2) add or subtract a larger random number on each part of a chromosome. The mutation operations are also random.

The eighth step: Calculate the fitness function of the outer genetic algorithm. Calculate the objective values of all chromosomes, and according to the objective values, calculate the fitness.

The ninth step: Roulette selection of sub chromosome for outer-layer optimization and iteration. Choose the chromosomes with roulette to repeat steps five to eight, until the pre-set optimal number of cycles is reached.

The tenth step: Output the optimal solution and the optimal objective function value. Output the corresponding chromosomes of the optimal objective value.




4. Case Analysis


4.1. Case Design

To realize sustainable economic development, a region plans to build a cycle system for the pig-industry chain to reduce pollution in the environment by wastewater and waste generated from pig breeding and slaughtering and to treat the wastewater and waste for reusing, thus saving resources. Because wastewater treatment and waste disposal are a systematic project, it is first necessary to determine the processing capacities of the wastewater-treatment center and waste-disposal center according to the market demand. The subjects involved in the pig-industry chain in this region primarily include corn planting, pig breeding, pig slaughtering, and poultry and fish integrated breeding. The setting of parameters depends on the analysis of the practical data of the pig breeding-industry chain and on the data of the circulation processing-technology efficiency [42,43,44]. The supply and demand relationship between each subject and its conversion coefficients are as follows:

Planting: Take corn as an example. Because the product is primarily used to meet regional needs, this paper assumes that the planting output can be completely converted into market-demand products; that is, cases such as rotten products are not considered. After related products become feed, the feed coefficient for pigs is [image: there is no content], and the feed coefficient for poultry and fish is [image: there is no content]. In the process of planting, the irrigation water needed per mu per day is 4 m3, and the yield per mu is approximately 600 kg. Therefore, the average water use for the production of one kg of corn is [image: there is no content]. Because the cycle of corn planting is approximately 100 days, to ensure that there is enough feed for pig breeding, the planting scale should be 100 × daily supply. In terms of manure, a complete cycle of planting requires approximately 40 kg of manure for each mu, with an average daily manure amount per kilogram of [image: there is no content].

Pig breeding: During the pig-breeding process, including cleaning, pig drinking, and living water for workers, the average daily water consumption for feeding 100 pigs is 1.27 m3. Calculated as 120 kg per live pig, the average water demand per kg per pig is [image: there is no content]. The pig-breeding cycle is approximately 150 days to ensure that a sufficient number of pigs be supplied daily to the slaughterhouses. The feeding size should be a 150 × daily supply. Each pig can produce 2.17 kg of excrement per day. Calculated as 120 kg per pig, the pig breeding can produce an average of [image: there is no content] per kilogram. There exists a certain rate of incidence and mortality in the pig-breeding process, so the real ratio of supply to slaughterhouses is approximately 96%, that is, [image: there is no content].

Pig-slaughtering industry: Among the live pigs slaughtered daily in the slaughterhouse, approximately 100 are from nearby areas. The part of pig breeding can be involved in the design of the circular economy system. The average water needed per each slaughtered pig is approximately 0.6 m3. Calculated by the weight of 120 kg per live pig, the average wastewater coefficient produced per kg is [image: there is no content]. After slaughtering, approximately 80% can eventually become consumer products; that is, to provide 1 unit of product to the market, the slaughtered pig amount is [image: there is no content]. The proportion of waste generated in the process of slaughtering is approximately 20%, that is [image: there is no content]. In the process of pig slaughterhouse operation, the ratio of using recycling water is approximately 40%, the average recycling water demand for each slaughtered pig is 0.48 m3, and the average recycling water available per kg for pig slaughtering is [image: there is no content].

Other poultry- and fish-breeding industries: Assume that the products of poultry and fish breeding are sold locally with a conversion rate of 100%. The feed coefficient from waste treatment is higher than that from the planting industry, [image: there is no content]. The average recycling water per kilogram in the process of poultry and fish breeding is [image: there is no content].

The effective conversion rate of the wastewater-treatment center is [image: there is no content]; that is, after treatment, 1 unit of wastewater can be converted into 0.8 units of standard recycling water. In the waste-disposal center, the efficiency rate of transformation into manure is [image: there is no content], and the efficiency rate of transformation into feed is [image: there is no content].

According to the historical data of corn-market demand, the historical data of pig demand in the market associated with the slaughterhouse and the historical data of the relevant market demand for poultry and fish, the distributional function of market demand can be determined. Take kg as the unit, and assume that the market demand for the three types of products is subject to a normal distribution, of which [image: there is no content], [image: there is no content], and [image: there is no content].

So far, we have determined the related subjects and parameters of the paths of the circular economy system, as shown in Table 1.

Table 1. Relevant parameters of the case.










	Parameter
	Value
	Parameter
	Value
	Parameter
	Value





	a1
	1/150
	g
	1.25
	p1
	0.95



	a2
	127/1,200,000
	α
	217/12,000
	p2
	0.95



	a3
	1/625
	β1
	1/200
	p3
	0.90



	a4
	1/180
	β2
	1/5
	p4
	0.90



	b
	2.5
	γ1
	0.80
	ξ1
	N(8000,128)



	c
	3
	γ2
	0.90
	ξ2
	N(96000,500)



	d
	25/24
	γ3
	0.56
	ξ3
	N(6000,138)



	e
	1/1500
	η1
	0.95
	
	



	f
	2.2
	η2
	0.90
	
	












4.2. Results

According to the solution given above, the genetic algorithm and neural network are used to find the solution. In constructing the neural network, the number of input neurons is determined by the number of decision-making variables, the number of output neurons is determined by the number of objective functions, and the number of the middle hidden-layer neurons can be calculated with Kolmogorov’s Theorem [45]. In the process of determining the processing ability in the first layer, we trained a neural network of two input neurons, four hidden neurons, and four output neurons to approximate the uncertainty function. In identifying the optimal distribution scheme [image: there is no content], [image: there is no content], [image: there is no content] and [image: there is no content] with given processing capacity [image: there is no content], we trained a neural network of four input neurons, 10 hidden neurons, and one output neuron to approximate the uncertainty function. In solving [image: there is no content] and [image: there is no content] with given processing capacity [image: there is no content], we trained a neural network of two input neurons, four hidden neurons, and one output neuron to approximate the uncertainty function. Each time we used the neural network to approximate the uncertainty function, each sample was simulated 3000 times, generating 2000 training samples. In the genetic algorithm of the external and internal cycles, the iteration number was set to 500 times. Using MATLAB R2015a [46] for programming and solutions, the results were obtained as follows:



Using the model and algorithm proposed in this paper, we optimize the capacity of sewage treatment and waste disposal and the supply paths of the cyclic water, feeds, and manures while satisfying a series of decision-makers’ requirements on the utilization rates of the sewage treatment center and waste disposal center and satisfying the probability of market demand. The calculation results indicate that a designed sewage treatment capacity of 591.73 m3 and waste disposal capacity of 23,155.90 kg can meet the needs of water recycling, recycling feeds and manures. After treatment, 186.34 m3 of the recycled water will be assigned to the planting industry, 71.12 m3 will be assigned to the pig-breeding industry, 207.25 m3 will be assigned to the pig-slaughtering industry, and 45.33 m3 will be assigned to other livestock-breeding industries. After treatment the waste will be converted to 83.62 kg manures to be used in the planting industry, the others will be converted into 9639.10 kg feeds, for use in other breeding industries.




5. Conclusions

As an important agricultural base, the pig-industry chain features large, durable and stable market demand. However, some links of the chain produce a large quantity of waste and wastewater, causing serious pollution to the environment. The traditional mode of operation has been verified to affect sustainable development. In the circular economy, waste and wastewater are treated through advanced environmental protection technology, which can not only reduce the pollution of pig industry-chain emissions but also realize resource reuse, thus providing an important means for the sustainable development of the pig-industry chain. This article started with the capacities of each subject in the pig-industry chain, discussed relevant products and demands among subjects, determined the path of the development of the pig-industry chain under a circular economy, and proposed a circular economy system for the pig-industry chain. The construction of the circular economy is primarily targeted at reducing pollution, increasing resource utilization efficiency, and saving cost. If the size of wastewater and waste disposal centers is improper, pollution may persist because of insufficient processing capacity, or resources are wasted because of excessively high treatment capacity. Therefore, a reasonable determination of the waste and wastewater treatment capacities within the circulation system and the destination of processed output are the key to optimizing and building a pig-industry chain under the circular economy system. Considering the fluctuation of market demand, this paper introduced the uncertainty function to characterize the processing capacities and the possibility of processing efficiency to meet requirements and proposed multi-objective uncertainty planning with the highest resource reuse efficiency and the lowest construction cost. In this paper, we designed a hybrid intelligent algorithm to find the solution, used the neural network to approximate the uncertainty function, and adopted the genetic algorithm to find the optimal solution. In the process of case design, we discussed the specific justifications for setting up each parameter, and we obtained specific values. Finally, the optimal solution was obtained by programming. The results show that compared to the subjective data determination using only historical experience, using this model to construct the pig-industry chain under the circular economy system can effectively utilize the lowest cost to make the waste, wastewater treatment scale and efficiency achieve the standard required by management. Moreover, this model can give the specific direction and flow of circular resources, which makes the operation of the circular economy clearer and therefore conducive to the sustainable development of the pig-industry chain.

Although in the construction of the model we considered as many factors as possible that affect the cyclic economy of the pig-industry chain, there are still some factors that are not taken into account in the study due to the difficulty in quantifying them and due to the remarkable increase in the complexity of the system, such as the time-variant characteristics of pig weights in the whole process, the transport-cost variations that may be produced in distributing the cyclic material in different themes, the matching between wastewater and waste-processing time and their demand. These factors will also affect the effectiveness of the pig-industry recycling economy. In further research, we will focus on the variations of each chain theme in a spatial location and capacity and the dynamic change characteristics of the paths in practice to optimize the cyclic pig-economy system and to obtain more practicable and effective results.
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