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With the development of industrialization, ecological and environmental problems have become increasingly prominent. In addition, the direct burning of crop straw and livestock manure also causes serious damage to the ecological environment. From the perspective of low-carbon economy, in order to promote the sustainable development of the ecological environment, this paper puts forward the idea of integrating the environmental management of enterprises, establishes the decision-making model of ecological environment management, and carries out related research. The experimental results show that the average error of cross-section water quality prediction is 2, the average error of pollutant discharge prediction is 2.1, and the highest ecological security degree is 1.28. The data show that the system dynamics method can effectively reduce the section water quality prediction error and pollutant discharge prediction error of the management decision-making model, and improve the accuracy of the model prediction. In the analysis experiment of the biomass energy potential of agricultural waste, livestock manure and straw waste accounted for 59.26% and 30.18% of the total, respectively. It can be seen that agricultural waste has a high content of convertible biomass energy, which can provide a large amount of renewable energy for human beings.
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1 INTRODUCTION
In the past, most enterprises were keen on pursuing immediate economic benefits and did not pay attention to the parts beyond economic benefits. Over time, the economic benefits have brought about increasingly serious ecological and environmental problems. With the continuous implementation of the concept of sustainable development, enterprises have begun to pay attention to the protection of the ecological environment and have gradually integrated the concept of protecting the ecological environment into their daily production and operation activities in order to achieve a win–win development of economy and ecology. The sustainable development of enterprises is closely related to the ecological environment. In order to implement the concept of a low-carbon economy and promote the sustainable development of the ecological environment, it is necessary to build an ecological environment management decision-making model to promote the coordinated development of the economy and ecological environment.
In recent years, environmental management has caused widespread concern in the academic community, and many scholars have carried out relevant research on it. Mills et al. (2017) explored the complex relationship that affects farmers’ willingness to practice environmental management and found that to achieve sustainable environmental management, appropriate participation methods have to be developed to enable farmers to participate in environmental management. Hartmann and Stephan (2018) studied the impact of contextual variables: generosity, vitality, and complexity on the relationship between environmental management and organizational performance and found that “generosity” can promote the extent to which companies improve environmental performance by virtue of their environmental management capabilities. Elliott et al. (2017) built a unified marine integrated environmental management framework. In order to ensure the health of the ecosystem, they also provided a series of marine environmental management measures. Nasution et al. (2021) analyzed the potential environmental impact of the oil palm plantation and found that the formulation and implementation of environmental factors required a standardized environmental management system. Scarpellini et al. (2020) analyzed the environmental management system of companies with the help of theoretical framework of dynamic capabilities and accounting practices on natural resources. Wang et al. (2018) explored how institutional pressure can motivate enterprises to implement environmental management practices and found that institutional pressure is closely related to the implementation of environmental management practices in enterprises. However, these scholars’ research on environmental management is not comprehensive. Environmental management research should be fully based on enterprises in order to play a better role.
Some scholars have also conducted relevant research on enterprise and environmental management. Liu et al. (2020) proposed a green production method in combination with enterprise environmental management and established a product green production model with the enterprise environmental management system. The corresponding pollution prevention measures were taken for the selection of raw materials and the production process of products. Ushkulakova (2020) pointed out that the environmental management of enterprises can guarantee the sustainable development of economy. By integrating the environmental management system into enterprises, the sources and factors of environmental impact can be well managed. In general, there are not many research on enterprise and environmental management. In order to improve the relevant research on ecological environmental management, it is necessary to study the decision-making model of this based on enterprise environmental management.
In this article, the concept of sustainable development is applied to the decision-making model of ecological environment management, and combined with the method of system dynamics, an experimental analysis of the decision-making model of ecological environment management in the Yangtze River basin is carried out. Through experimental analysis, it is found that the average prediction error of cross-sectional water quality is 2 under this method and 4.88 under the traditional method. In terms of the prediction error of pollutant emissions, the average prediction error under this method is 2.1, and the average prediction error under the traditional method is 4.59. It can be seen from the abovementioned data that under the method of this work, the prediction error of pollutant discharge is smaller, and the prediction error of cross-sectional water quality is also smaller. This work also measured and analyzed the conversion of agricultural wastes into biomass energy and found that livestock manure accounted for the highest proportion of biomass energy potential, reaching 59.26%, which could provide a large amount of renewable energy for human daily production and life.
2 DECISION MAKING MODEL OF ENTERPRISE ENVIRONMENTAL MANAGEMENT AND ECOLOGICAL ENVIRONMENT MANAGEMENT
2.1 Agricultural wastes and agricultural biomass energy
Agricultural waste is a general term for waste from planting, agricultural product processing, livestock and poultry breeding, etc. Specifically, it includes crop straw, fallen leaves, weeds and fruit shells, agricultural product processing wastes and wastewater, and livestock and poultry manure.
Agricultural biomass energy mainly refers to the kind of energy converted from plants, livestock and poultry manure, organic wastes, and other similar wastes. Agricultural biomass energy can be converted into different fuels, and the energy is renewable, convenient to store, and will not pollute the environment, which is very environmentally friendly. At present, agricultural biomass energy has become the fourth largest type of energy in the world. Energization of agricultural biomass waste refers to the process of converting waste into energy through a series of methods. Energization is one of the ways to utilize agricultural waste as a resource. The inventory model of agricultural biomass waste is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Inventory model of agricultural biomass wastes.
2.2 Concept and objectives of enterprise environmental management
Enterprise environmental management is a kind of management concept in the new era. Its purpose is to promote the coordinated development between enterprise management and the ecological environment, so as to achieve a win–win situation (Kaplan Hallam and Bennett, 2018). With the help of the concept of ecological environmental protection, it integrates with the daily business activities of the enterprise, fully reflects the idea of ecological environmental protection in the enterprise’s business strategy, and also adds consideration to environmental factors in specific business operations. The environmental management of enterprises is not simply to protect the ecological environment but to integrate the concept of ecological environmental protection, and the business thinking of enterprises would also change accordingly to broaden the direction of enterprise development and bring new wealth to enterprises to achieve both economic and social benefits. The conceptual framework of environmental management is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Conceptual framework of enterprise environmental management.
The environmental operation of enterprises is the reintegration of the enterprise’s business mode and the proper adjustment of the enterprise’s business activities from the perspective of environmental protection (Haddaway et al., 2017). In order to make economic benefits coexist with the ecological environment and achieve sustainable development, enterprises have to conduct environmental management. In order to achieve the ultimate goal of enterprise environmental management, it is necessary to change the traditional business philosophy and model to achieve the goal of economic and environmental benefits. Environmental business objectives can be divided into the following two categories:
(1) The short-term goal is to achieve a win–win situation between the direct economic benefits of the enterprise and the visible environmental benefits (Arda et al., 2019). For example, implementing water-saving and electricity-using activities can not only reduce the consumption of water resources and electricity but also reduce the production and operating costs of enterprises.
(2) The long-term goal is to achieve the coordinated development between the overall operation of an enterprise and its ecological environmental protection. In the process of environmental operation, enterprises can not only bring visible economic benefits in a short time but also increase operating costs. Therefore, enterprises have to continue to promote environmental operation activities with a long-term vision. For example, in the production process, the use of environment-friendly materials can reduce the damage to the environment, although it cannot bring intuitive economic profits to enterprises. In the long run, these enterprises would have won the recognition of the consumers and society because they have undertaken social responsibilities, which has a good effect on improving the brand image of enterprises, thus enhancing the overall competitiveness of the enterprises.
2.3 Sustainable development and ecological environmental management
Sustainable development refers to the ability to meet the needs of future generations in addition to meeting the needs of contemporary people (Schaltegger, 2018). Social development is the goal of sustainable development, and constantly improving the quality of human life is the goal of social development. From the humanistic perspective, the core of sustainable development is economic development. To achieve sustainable development, there has to be a certain material basis, that is, resources, human beings as the main body, and the ecological environment as the support basis.
The framework structure of sustainable development is shown in Figure 3. The social system, economic system, and ecosystem together constitute the framework of sustainable development. The most critical part of this framework is the ecosystem. The necessary condition for sustainable development is the maintenance and sustainable development of the ecosystem (Baranova and Paterson, 2017). To achieve sustainable development, various factors such as economic development and resources, culture, environment, and other factors have to be considered.
[image: Figure 3]FIGURE 3 | Framework of sustainable development.
The concept of ecological environmental management came into being when we had started to fight environmental pollution for a long time (Baranova and Meadows., 2017). At present, pollution is only the tip of the iceberg of environmental problems. For us, what is more terrible is the ecological problem. To solve the ecological environmental problem, economic, social, and environmental treatments have to be combined. In order to achieve the goal of ecological environmental management, the social and economic activities of human beings have to be adjusted and controlled in a variety of ways, the acts that damage the ecological environment should be cracked down, and the relationship between economic development and the ecological environment should be reconciled, so as to better achieve sustainable development. In ecological environmental management, it is also necessary to combine relevant theoretical knowledge to study the solutions of ecological environmental management from multiple dimensions, such as forecasting, planning, and making decisions on the ecological environment; managing environmental and economic policies, resources, and energy; and then analyzing the relationship between the ecological environment and social economy, and determining the interaction between the two can ensure that the ecological management countermeasures are more scientific and reliable.
3 DECISION-MAKING MODEL OF ECOLOGICAL ENVIRONMENTAL MANAGEMENT BASED ON SYSTEM DYNAMICS
3.1 Overview and characteristics of system dynamics
System dynamics is a method to study social and economic systems by means of feedback control theory and digital computer simulation technology (Lillah et al., 2017). System dynamics has the characteristics of system dialectics. It is mainly used to deal with feedback and non-linear problems in social systems. It has a good effect on the research of semi-quantitative and trend problems. In the beginning, system dynamics was widely used in enterprise management, and later it was gradually applied in social and economic systems. At present, system dynamics is widely used in many aspects, such as regional economic system, water resources carrying capacity, land resources carrying capacity, animal husbandry development planning, urban water environment, etc.
For the treatment of non-linear and time-varying phenomena, the system dynamics model is often used. This model can be used in long-term dynamic simulation research and has a good effect on the analysis of system structure and dynamic behavior. Therefore, it is often used to deal with system problems of dynamic behavior and can also play a better and ideal role in the analysis of social, economic, and environmental systems.
System dynamics has the following characteristics:
(1) The method of system dynamics can be used to study many problems in many fields, such as social, economic, ecological, and so on. In addition, whether macro or micro, complex systems at multiple levels can be studied.
(2) As the research object of system dynamics, the open system focuses on the analysis of the relationship between the system and its ecological environment and believes that the system itself is developmental and dynamic (Kiseleva et al., 2020).
(3) In the research methods of system dynamics, there are qualitative and quantitative methods. In addition to these, the methods of analysis, synthesis, and reasoning are also included. Moreover, poor structures are optimized using the “whitening” technology.
(4) The system dynamics model is called the laboratory of the social economic system. This is because we can get a significant amount of effective information resources by simulating the analysis system and finding ways to solve a series of problems. Because the system dynamics model is applied in many fields, it can conduct qualitative and quantitative analysis of the past, present, and future and also play a good role in enterprise management and decision-making (Jain et al., 2022).
(5) Feedback of system dynamics. Feedback mainly refers to the relationship between the system output and external environment input and can realize the system output by means of the other units, sub-blocks, or other systems.
3.2 Ecological environmental management decision-making model
This work takes the Yangtze River basin as its research object. The research content is the relationship between the ecological environment and human activities, and the research purpose is sustainable development. A decision-making model of ecological environmental management is constructed, as shown in Figure 4. The model is composed of the impact relationship model and factor model, which are divided into the watershed water quality model and watershed ecological security model. The factor model is also divided into two parts: the economic model and environmental model. The four branch models are connected with the database to form the ecological environmental management decision-making model.
[image: Figure 4]FIGURE 4 | Structure of decision-making model for ecological environmental management.
3.3 Composition of ecological environmental management decision-making model
3.3.1 Watershed water quality model
The watershed water quality model uses a one-dimensional degradation water quality model (Janković et al., 2021). Based on the location relationship between sections, the water quality of each control section is calculated from upstream to downstream according to the pollutant discharge of different units. The formula of the basin water quality model is as follows:
[image: image]
In the abovementioned formula, the pollutant concentration of the section is represented by [image: image], the pollutant discharge of the section is represented by [image: image], and the pollutant amount of the upstream section is represented by [image: image]. Wastewater discharge is expressed by [image: image], upstream section flow is expressed by [image: image], and transportation distance is expressed by [image: image].
In the calculation, it is necessary to predict the economic development level of the Yangtze River basin in combination with the economic model and create data statistics on the per capita domestic wastewater discharge and per capita industrial wastewater discharge in combination with the population. It is assumed that the industrial structure would be adjusted and pollution control would be implemented. On this basis, the wastewater discharge would be predicted by units, and the water quality change of each unit section would be simulated and predicted by combining the decision-making model to generate the corresponding response relationship.
3.3.2 Economic model
The economic model is an improvement of the neoclassical economic growth model, which includes the endogenesis of savings rates and technology (MacLaren et al., 2020). These improvements are mainly accomplished by the relationship among life cycle function, technological progress rate, and investment rate. The economic model formulas are as follows:
[image: image]
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In the abovementioned formulas, the output is the capital stock expressed by [image: image], total labor input is expressed by [image: image], technical progress rate is expressed by [image: image], and savings rate is expressed by [image: image]. The income growth rate is expressed by [image: image], capital elasticity of output is expressed by [image: image], and labor elasticity of output is expressed by [image: image]. The growth rate of the labor force is expressed by [image: image], exogenous part of technology is expressed by [image: image], endogenous part of technology is expressed by [image: image], and [image: image] and [image: image] are the saving behavior parameters.
Many factors affect the economic growth, and their effects on economic growth are two-sided, that is, positive and negative effects (Polasky et al., 2019). Therefore, the economic model has to remove these negative impacts, as given in the following formula:
[image: image]
The growth rate of green GDP is expressed as [image: image], and the negative impact is expressed as [image: image], so the output model is
[image: image]
3.3.3 Environmental model
According to the pollution data of the Yangtze River basin in 2005 and the economic development of each region, the relationship between the per capita industrial wastewater discharge and the per capita GDP in the Yangtze River basin is expressed as follows:
[image: image]
Among these, the per capita industrial wastewater discharge (t/person) is represented by [image: image], and the logarithm of per capita GDP is represented by [image: image].
According to the economic development and population change of the basin, the wastewater discharge is simulated in different regions. It is assumed that after the adjustment of the industrial structure, the wastewater discharge would also be reduced accordingly, and then combined with the watershed water quality model, the water quality standards of each regional section would be calculated such that the water quality of each regional section can reach the category.
The regional wastewater discharge is predicted, and the proportion of the total amount of water pollutants accumulated at each control point in the basin is calculated to generate the Lorenz curve and calculate the environmental Gini coefficient. Under the principle of sustainable development fairness, the environmental Gini coefficient has an interval range, so the regional wastewater discharge should also be adjusted accordingly, which is expressed as
[image: image]
Among these, the adjusted regional wastewater discharge is represented by [image: image], and the adjusted regional wastewater discharge is represented by [image: image].
3.4 Main relationship of regional system
The ecological environment system of the Yangtze River basin is relatively complex, so it is necessary to integrate multiple sub-models and describe the impact the relationship among the sub-models with the help of system dynamics to complete the dynamic description of the system. The main relationship of the regional system is described in Figures 5, 6. While the economy is developing, it would also cause certain damage to the environment, resulting in environmental pollution problems, which would affect the quality of the environment. The continuous deterioration of the environment would cause more serious ecological problems, leading to frequent natural disasters and causing serious ecological disasters. Ecological disasters would affect the economy and restrict economic development. The economy, environment, and ecology form a loop, interacting and influencing each other.
[image: Figure 5]FIGURE 5 | Relationship between economy and environment.
[image: Figure 6]FIGURE 6 | Loop relationship between economy and disasters.
3.5 Experimental analysis on decision-making model of ecological environmental management in the Yangtze River basin
In order to verify the reliability of the system dynamics method, this work calculates and analyzes the rivers in Jiangsu, Zhejiang, Hubei, and Jiangxi, respectively, in combination with the ecological environmental management decision-making model, and conducts comparative experiments with the traditional methods. The specific experimental results are shown below.
3.5.1 Prediction error of cross-sectional water quality
In this work, cross-sectional water quality prediction experiments have been carried out on rivers in some regions of the Yangtze River basin, and the statistics has been created on the prediction errors of the cross-sectional water quality. The prediction error results of the two methods are shown in Figure 7.
[image: Figure 7]FIGURE 7 | Comparison of water quality prediction errors of regional river sections using different methods.
It can be seen from Figure 7 that in the cross-sectional water quality prediction experiment for rivers in different regions of the Yangtze River basin, the prediction errors of the two methods are different. Under the methods of this work, the prediction error of cross-sectional water quality is relatively small on the whole, of which the river water quality prediction error in Jiangxi is the smallest at 1.76 and that in Jiangsu is the largest at 2.23. The average error value of cross-sectional water quality prediction of rivers in the four regions is 2. Under the traditional algorithm, the prediction error of cross-sectional water quality is relatively large on the whole, among which the river water quality prediction error in Jiangsu is the smallest at 4.24, and that in Hubei is the largest at 5.73. The average error value of cross-sectional water quality prediction of rivers in the four regions is 4.88. It can be seen that the water quality prediction error in this method is smaller.
3.5.2 Prediction error of pollutant emissions
In order to further compare the prediction effects of the two methods, this work conducted prediction error experiments on the annual pollutant emissions of rivers in different regions. The experimental results are shown in Figure 8.
[image: Figure 8]FIGURE 8 | Comparison of prediction errors of annual pollutant discharge of regional rivers using different methods.
It can be seen from Figure 8 that in the experiment of prediction error of annual pollutant discharge of rivers in different regions, the prediction error values from the two methods are obviously different. Using the algorithm in this work, the prediction error of the annual pollutant discharge of rivers in Hubei is the smallest, which is 1.88. The prediction error of annual pollutant discharge of rivers in Zhejiang is the largest, which is 2.36. It can be calculated that the average prediction error of annual pollutant discharge of the four regions is 2.1. Using the traditional algorithm, the prediction error of the annual pollutant discharge of rivers in Jiangxi is the smallest at 3.98 and the prediction error of the annual pollutant discharge of rivers in Zhejiang is the largest at 4.96. The average error of the prediction of the annual pollutant discharge of the four regions is 4.59. From the abovementioned data, it can be seen that the prediction error of annual pollutant discharge using this algorithm is smaller, and the fluctuation range of the prediction error of annual pollutant discharge between rivers in different regions is smaller.
3.5.3 Prediction of basin ecological security
In order to compare the differences between the two methods more comprehensively, ecological security prediction experiments were conducted in the Yangtze River basin, and the prediction results are shown in Figure 9.
[image: Figure 9]FIGURE 9 | Comparison of the prediction of ecological security degree of the basin using different methods.
It can be seen from Figure 9 that in the basin ecological security prediction experiment, the results of the two methods are different. According to the methods of this work, with the passage of years, the predicted value of the ecological security degree of the Yangtze River basin has been increasing every year. The predicted value of the ecological security degree has increased from 0.76 to 1.28. When compared with the actual value of the ecological security degree, the predicted value is lower, but it is closer to the actual value on the whole. According to the traditional method, the predicted value of the ecological security degree of the Yangtze River basin has also increased with each passing year: from the initial 0.59 to 0.92, with a relatively small growth rate. When compared with the actual value, the predicted value of the ecological security degree has a large gap. It can be seen that the predicted value of watershed ecological security degree according to this method is closer to the actual value, so the predicted result is more accurate.
3.6 Biomass energy potential of agricultural wastes
In this work, the potential of agricultural wastes to be converted into biomass for energy has been experimentally measured, and the statistical results are shown in Figure 10.
[image: Figure 10]FIGURE 10 | Biomass energy potential of agricultural wastes.
It can be seen from Figure 10 that in terms of biomass energy conversion of agricultural wastes, the biomass energy potential of livestock manure is the highest, accounting for 59.26%, followed by that of straw wastes, accounting for 30.18%, and then that of agricultural by-product processing wastes which is the lowest, accounting for 10.56%. It can be seen from the abovementioned data that agricultural waste can be converted into a lot of biomass energy. The conversion of agricultural waste into biomass energy can turn waste into treasure and obtain available energy.
4 CONCLUSION
With the emergence of global warming, glacier melting, and other issues, ecological and environmental issues have attracted increasing attention from all walks of life. Many enterprises are no longer simply pursuing economic benefits but integrating the concept of ecological and environmental protection into their daily operations. There is more biomass energy that can be converted from agricultural waste, and the biomass energy content that can be converted from straw waste and livestock manure is relatively high, in which more than half of the biomass energy can be converted from livestock manure. Converting agricultural waste into usable biomass energy can also effectively improve the ecological environment. Aiming at the ecological environmental problem, this work takes the Yangtze River basin as the object, establishes the ecological environmental management decision-making model, and combines the system dynamics method to carry out the relevant experimental analysis on the ecological environmental management decision-making model. Using this method, the obtained predicted value of watershed ecological security degree is closer to the actual value, indicating that the prediction accuracy of this method is very high, the prediction error of cross-sectional water quality is smaller, and the prediction error of pollutant discharge is also smaller. In future research work, the system dynamics method also has to constantly adapt to the developmental needs of the ecological environmental management decision-making model, improve the performance of the method, and provide more accurate prediction data information for the model.
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