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Abstract: The stockbreeding industry is growing rapidly in rural regions of China, 

carrying a high risk to the water environment due to the emission of huge amounts of 

pollutants in terms of COD, T-N and T-P to rivers. On the other hand, as a typical biomass 

resource, stockbreeding waste can be used as a clean energy source by biomass utilization 

technologies. In this paper, we constructed a dynamic linear optimization model to 

simulate the synthetic water environment management policies which includes both the 

water environment system and social-economic situational changes over 10 years. Based 

on the simulation, the model can precisely estimate trends of water quality, production of 

stockbreeding biomass energy and economic development under certain restrictions of the 

water environment. We examined seven towns of Shunyi district of Beijing as the target 

area to analyse synthetic water environment management policies by computer simulation 

based on the effective utilization of stockbreeding biomass resources to improve water 
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quality and realize sustainable development. The purpose of our research is to establish an 

effective utilization method of biomass resources incorporating water environment 

preservation, resource reutilization and economic development, and finally realize the 

sustainable development of the society. 

Keywords: stockbreeding biomass resource; water quality; dynamic evaluation; simulation 

 

1. Introduction 

With the improvement in living standards, the demand for animal products has dramatically 

increased in rural areas in China. The stockbreeding industry is expanding rapidly in rural areas around 

large Chinese cities such as Beijing [1]. However, majority of stockbreeding wastes have been 

improperly treated and carry a high environmental risk in terms of COD (chemical oxygen demand), 

T-N (total nitrogen) and T-P (total phosphorus) levels because of large amounts of water pollutants 

released to rivers. Now, stockbreeding wastes have become the most serious pollution source in rural 

areas. The annual gross output of stockbreeding waste is about 1.73 billion tonnes, which is 2.7 times 

industrial wastes. More than 80% of the medium and large-scale farms are without the necessary 

facilities to treat the concentration of water pollution, and about 25%–30% of total net load of water 

pollution COD, T-N and T-P emitted by stockbreeding wastes directly flows into surface water [2]. 

However, as a typical carbon neutral biomass resource, stockbreeding wastes can be used as an 

energy source with advanced technologies. Through the main biomass technologies, it is good not only 

in the sense that it provides carbon neutral energy and materials and it provides new business 

opportunities but also in that the utilization itself is a proper and perhaps one of the best treatment 

methods of wastes in the stockbreeding industry [1]. Biomass conversion and energy utilization 

technology have great potential for reducing water pollution and increasing energy production. 

Therefore, it is absolutely necessary and possible to research the optimal policies and technologies 

for effective utilization of stockbreeding wastes as a biomass resource and improvement of water 

environments in rural areas of China. Besides this, with integrated policies, we can also provide 

biomass resources and energy, and realize the harmonious development of the economy, resources and 

water environments, which is feasible and foreseeable in the future. Therefore, in formulating effective 

policies to reduce the quantities of water pollutants in rural areas, we need to construct a model that 

describes socio-economic activities, the load of water pollution and apply instruments in order to 

reduce water pollution without compromising socio-economic development. 

In this paper, we formulate a comprehensive system by way of a linear optimization model with a 

mathematical optimization software package, LINGO. This enables us to simultaneously simulate the 

water environment system and the socio-economic system by creating as much linearity as possible in 

functions that is close to the reality. Detailed discussions of linear programming theory may be found 

in books by Hadley [3], Hillier [4] and Wagner [5]. 

Optimization simulation is an effective approach to estimate more precisely the impacts that may 

result from different environmental policies. Here, we formulated the dynamic, comprehensive 

evaluation system to accomplish the optimization simulation. The principal method used in this 
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research is to develop dynamic mathematical models based on several theoretical principles.  

The model is built based on the principal of material balance, Harrod-Domar model, input output table 

and other macroeconomic indicators to analyze the interrelation between water environment systems 

and socio-economic systems, and evaluate the efficiency of the integrated water environment 

management policies with the adoption of advanced technology. 

Theoretically, the synthetic modeling approach was adopted to construct the model in this study 

summarized in the following: 

Synthetic approaches have been used in modeling since the late 1960s, whereby input-output 

models were applied to environmental or natural resource areas. Most of them have been concerned 

with the effects of pollution from one or more industrial sectors on the output of other sectors such as 

Ayres and Kneese [6], Leontief [7], Forsund [8], Lee [9] and Perrings [10]. In many integrated 

economic-ecological models, natural resource inputs and pollutants are expressed in physical units, 

while economic exchanges are expressed in monetary units. 

Mathematically, the way of estimations methods and the description of the variables in equations 

are used based on the studies carried out in the Lake Kasumigaura by Higano and Sawada [11],  

Higano and Yoneta [12] and Hirose and Higano [13]. These studies addressed the lake pollution issues 

considering socio-economic activities related to reduction of pollution by introducing an integrated 

dynamic linear or non-linear modeling approach. 

The field of synthetic evaluation has been represented by Higano et al. [14], who evaluated biomass 

resources from both the total ecological system and the socio-economic perspective and proposed a 

new aspect of synthetic environmental evaluation and policy to control pollution and realize the 

optimization and harmony of society. Then, Yan et al. [15] improved the simulation model and 

focused on evaluation of the integrated policies with the adoption of traditional technology.  

However, the majority of the models did not carry out an empirical application analysis by advanced 

biomass utilization technologies based on the actual situation of China. In most current studies about 

biomass utilization, conclusions are derived from simple data analysis and foreign experiences. There 

has been little research on the construction and analysis of a comprehensive simulation policy that is 

tailored to suit China’s economy and social state and include the introduction of advanced technologies 

to control water pollutant emissions without compromising socio-economic activities [1]. Therefore, a 

feasible simulation should be constructed to realize the simultaneous pursuit of water environment 

preservation and economic development on the basis of characteristics of China. 

Based on these considerations, this study utilized a dynamic optimization model to demonstrate 

water environment policies with the introduction of advanced stockbreeding biomass resource 

utilization technology to enhance the stockbreeding production and improve the water environment 

from sustainable development viewpoints. The integrated simulation model aims to reflect current and 

future water environment management policies and their impacts, which includes water pollutants flow 

balance sub-model, socio-economic sub-model and biomass energy sub-model with introduction of 

effective biomass resource utilization technology in one systematic model. In this article, we selected a 

typical region of rural area in China, Shunyi district of Beijing, which is the most important pig supply 

source of Beijing. Considering the specific and special characteristics of China’s economy and social 

state in terms of sustained economic growth rate, financial subordination relations and regional water 

environment management policies, we improved the simulation model and focused on the evaluation 
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of the harmonious development of water quality improvement and economic growth based on the 

utilization of stockbreeding biomass resources. Our principal goal here is to develop a mathematical 

optimization model by computer simulation in order to evaluate whether the integrated water 

environment management policies can satisfy the simultaneous pursuit of water environment 

preservation and economic development in the target area. 

2. Synthetic Model Construction and Specification 

In order to construct an effective simulation model, we need to have basic information on the 

current situation in the target area which includes the social and economic situation, water pollutants’ 

flow process and emission, and biomass resource generation and treatment process. 

2.1. Framework of the Model 

The dynamic model contains three sub-models: a socio-economic sub-model, water pollutants flow 

balance model, biomass resource energy sub-model and one objective function. These three  

sub-models react with each other and the structure of the model must consider the material flow 

balance, energy flow balance and value balance. The objective function was derived to maximize GRP 

(Gross Regional Production), which was subjected to analysis by the sub-models. The framework of 

the sub-models is shown in Figure 1. The water pollutants flow sub-model describes how the water 

pollutants flow into the river. The socio-economic model represents the social and economic activities 

in the region and the relationship between the emission of water pollutants and social and economic 

activities. The energy sub-model simulated how much stockbreeding biomass energy can be produced 

by the advanced technology. 

Figure 1. The framework of simulation model. 
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2.2. Objective Function 

In Shunyi district, the speed of socio-economic development is higher compared with other rural 

areas of Beijing. The local government has set the target to become a new rural area and maintain 

steady growth in recent years. Therefore, in this simulation, an objective function was constructed to 

maximize the total GRP over the target term to reflect the development of the local socio-economy. 

Because of the limitation of space, this paper just demonstrates the representative equations which can 

illustrate the topic of this dynamic model (en. = endogenous, ex. = exogenous). 

1

1

1
( ) ( )
1 ρ

t

t

Max GRP t

   (1)

ν ( )GRP X t   (2)

in which, GRP(t) (en.) is the gross regional production of the target area at time t, which is determined 

by the production of industry and value-added rate; ρ (ex.) is social discount rate (=0.05); ν (ex.) is row 

vector of ith element is rate of added value in the ith industry ; X(t) (en.) is the column vector of the  

m-th element that is the total production of industry m in th target area at time t; t is the simulation 

period, and t = 1: 2011,…,10: 2020. 

2.3. Socio-Economic Sub-Model 

The socio-economic sub-model is derived from input-output model and Harrod-Domer model.  

The production of industry is restricted by input-output coefficient matrix, investment and so on. 
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in which, 
)(tX m

j  (en.) is total production of industry m in region j at time t; αm  (ex.) is the ratio of 

capital to output in industry m; 
)(tK m

j  (en.) is capital available for industry m in region j at time t; 
)(tS m

j  (en.) is subsidy for production curtailment of region j at time t; 
)1( tK m

j  (en.) is capital 

available for industry m in region j at time t + 1; 
)1( tI m

j  (en.) is investment by industry m in region j 

at time t + 1; 
md  (ex.) is depreciation rate of industry m. 
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in which, 


j
j tXtX )()(

 (en.) is column vector of the m-th element that is the total product of industry 

m in the basin at time t; A (ex.) is input-output coefficient matrix; C(t) (en.) is the total consumption at 

time t; 


j

mP
j

m tIti )()(
 (ex.) is the total investment at time t; BSP (ex.) is the column vector of m-th 

coefficient that induced production in industry m by construction of sewage plant; ISP(t) (en.) is the 

total investment for construction of sewage plant at time t; BAT (ex.) is the column vector of m-th 

coefficient that induced production in industry m by construction of advanced technology; IAT(t) (en.) 
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is the total investment for construction of advanced technology at time t; mATB  (ex.) is the column 

vector of m-th coefficient that induced production in industry m by maintenance of advanced 
technology; )(tK AT

j  (en.) is the capital of advanced technology available in region j at time t and e(t) is 

the column vector of net export at time t. 

2.4. Water Pollutants Flow Balanced Sub-Model 

In the rural areas, the rapid growth of population and stockbreeding industry pose a significant 

threat to the water environment due to the emission of huge amounts of pollutants in terms of COD,  

T-N and T-P. The net load of water pollutants in the target area is defined as the total water pollutants 

that flow thorough the rivers, including discharges by sewage plants, and untreated wastes from 

households, and rainfall in the target area. 

( ) κ ( ) ( ) ( )p p p sp p
j j j

j j

TP t SEP t ES P t RP t       (6)

in which, 
)(tWP p

j  (en.) is the load of water pollutant p in region j at time t; κ j  (ex.) is the current 

velocity at time t; 
)(tSEP p

j  (en.) is the water pollutant emitted by socio-economic activities that 
flowing into region j at time t; pES  (ex.) is the pollution emission coefficient of sewage plant in the 

area at time t; )(tPSP
j  (ex.) is the population that use the sewage plant of the region j at time t;  

RPP(t) (ex.) is the water pollutant p from rainfall that flows into the area. In the simulation equations at 

time t, p = 1 represent the water pollutant T-N, p = 2 represents T-P and p = 3 represents COD. All the 

pollutants emitted by socio-economic activities flow through rivers. 

The total water pollutants emitted by socio-economic activities in the area are discharged from 

households, non-point sources, and point sources. 

)()()()( tEFPtNPtHPtSEP p
j

p
j

p
j

p
j 

 (7)

in which, 
)(tHP p

j  (en.) is the water pollutant p (excluding those through sewage) loaded by 

households in region j at time t; 
)(tNP p

j  (en.) is the water pollutant p emitted by non-point sources in 

region j at time t and 
)(tEFP p

j  (en.) is the water pollutant p emitted by socio-economic activities in 

region j at time t. 

Water pollutants are discharged by household, which is associated with the population in  

each municipality. 

)()( tPEHtHP N
j

pp
j 

 (8)

in which, pEH  (ex.) is the emission coefficient of water pollutant p by household wastewater without 

sewage plant and 
)(tP N

j  (en.) is the population that do not use sewage plant in region j and discharges 

pollutants into river at time t. 

)()( tLELtNP k
j

pkp
j  (9)
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in which, ELpk (ex.) is the coefficient of water pollutant p emitted through land use k and 
)(tLk

j  (en.) is 

the area of land use k in region j that emitted pollutants into river at time t. 

 
j

AT
j

pAT

j

N
j

pNm
j

pmp
j tNAEItNAEItXEItEFP )()()()(  (10)

in which, 
pmEI  (ex.) is the coefficient of water pollutant p emitted by industry m; 

)(tX m
j  (en.) is the 

production of industry m in the area of region j that emitted pollutants into the rivers at time t;  
pNEI  (ex.) is the coefficient of water pollutant p emitted in pig feces and urine without any treatment; 

)(tNAN
j  (en.) is the number of pigs for which feces and urine were not treated in region j at time t; 

pATEI  (ex.) is the coefficient of water pollutant p emitted by pigs whose feces and urine treated by 
advanced technology and )(tNAAT

j  (en.) is the number of pigs whose feces and urine is treated by 

advanced technology in region j at time t. 

2.5. Stockbreeding Biomass Energy Sub-Model and Water Pollutant Treatment Policies 

In order to demonstrate the contributions of sewage system treatment and advanced biomass 

utilization technologies on water pollution reduction and biomass energy production ability, we need 

to select demonstrative technologies to suit characteristics of the local situation. Sewage system 

treatment and advanced biomass utilization technologies choice and distribution are based on the 

different regional scales of population, the pig farming industry and the demand for water pollutants 

reduction. Also, construction investment and maintenance costs of sewage system and biomass 

utilization facilities are determined by local financial budget limitations that are provided by the local 

government. The amount of electric energy generated by the advanced technology is dependent  

on its capital. 

( ) δ ( )AT AT
j jTEN t K t   (11)

in which, 
)(tTEN j  (en.) is the amount of electric energy generated by advanced technology in region j 

at time t; δAT  (ex.) is the coefficient of electric energy generation of advanced technology and )(tK AT
j  

(en.) is the capital of advanced technology available in region j at time t. 
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j

AT
j

AT
j   (12)

1
( ) ( )

γ
AT AT
j jAT

I t S t   (13)

in which, )(tI AT
j  (en.) is the investment for construction of advanced technology in region j at time t; 

γAT  (ex.) is the rate of subsidization for construction of advanced technology by the local government 

and )(tS AT
j  (en.) is the subsidization for construction of advanced technology by the local government 

at time t. 
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in which, )(tI SP
i  (en.) is the construction investment of municipality i for sewage plant at time t;  

SP
iM  (ex.) is the rate for investment of sewage system from the municipality i; ξSP

i  (ex.) is the rate 

transfer for investment of household wastewater from the total finance of municipality i; )(tFEi  (en.) 
is the total finance of municipality i at time t; ςSP

i  (ex.) is the rate transfer for maintenance cost of 

household wastewater from the total finance of municipality i;   (ex.) is the rate transfer for treatment 

of household wastewater from the total finance and )(tS SP
i  (en.) is the subsidy for households 

wastewater treatment in municipality i at time t, which is granted by the local government. 

It is assumed that the local government provides budget for implementing the countermeasures 

every year. This figure is based on the actual budget that has been directly and indirectly spent to 

improve the quality of the water environment. 
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(16)

in which, )(ty  (ex.) is the total budget spent by the local government for implementing the 
countermeasures at time t and )(tS m

j  (en.) is the subsidy for industry m in region j at time t. 

Because the model consisted of 45 mathematical formulas, we only listed the demonstrative 

equations to reflect synthetic water environment and socio-economic system; there are also other 

equations to construct the simulation model, such as the population changes, the quantitative change in 

pig supply and treatment policies for non-point sources. 

3. Target Area and Data 

In this paper, we select seven towns along the banks of Chaobai river basin in Shunyi district of 

Beijing as the target area. Shunyi district is the most important key pig supply place of Beijing, the 

quantity of pigs slaughtered of Shunyi district accounts for 31% of the total quantity of Beijing [16].  

The pig farming industry has become the pillar industry of Shunyi district. At the same time, as the 

largest reservoir of Beijing is built on the upper reaches of the Chaobai River, the water environment is 

very important to Shunyi district, even to Beijing. Chaobai river flows through the seven towns of 

Shunyi district into Beijing city. The protection of the water environment in seven towns of Shunyi 

district holds high priority. Meanwhile, the development of the pig farming industry and population 

growth has increased the pressure for water environment management. According to our calculation 

based on the statistics and the coefficient of stockbreeding sewage, stockbreeding wastes in the target 

area contribute heavily to water pollution, especially with the pig farming industry becoming the 

source of the most serious pollution in Shunyi district (Table 1). The T-N emitted by the pig farming 

industry accounted for about 21% of total amount of T-N, while 34% of T-P and 27% of COD were 

emitted by pig farming industry. The pig farming industry has become a source of serious water 

pollution in the target area [16–19]. 

Therefore, it will be useful and necessary for the target area to have an integrated plan for water 

environment management with emphasis on effective pig farming biomass resource utilization.  
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This study will adopt water environment management policies to simulate and predict the influence of 

effective utilization of pig farming biomass resources on water environment improvement and 

economic development. 

Table 1. The scale of pig farming and water pollution emission of the pig farming industry. 

Towns 
Land of Area Numbers of Pig Production of Pig Farming Net Load of Pollutants t/Year 

km2 Head RMB T-N T-P COD 

Niulanshan town 31.4 37,847 30,277,600 178.83 70.48 1100.30 

Mapo town 35.1 20,481 16,384,800 96.77 38.14 595.43 

Renhe town 54 35,906 28,724,800 169.66 66.86 1043.87 

Liqiao town 75.18 17,539 14,031,200 82.87 32.66 509.90 

Beixiaoying town 55.8 71,470 57,176,000 337.70 133.08 2077.79 

Nancai town 57.6 47,243 37,794,400 223.22 87.97 1373.46 

Lisui town 40.22 49,714 39,771,200 234.90 92.57 1445.30 

Total 349.3 280,200 224,160,000 1323.95 521.76 8146.04 

3.1. Classification of the Target Area and Settings for the Simulation 

3.1.1. Classification of the Target Area 

The Chaobai river is the main river flowing into Beijing city. The river flows through seven towns 

of Shunyi district—they are Niulanshan town, Mapo town, Renhe town, Liqiao town, Beixiaoying 

town, Nancai town and Lisui town—and other small rivers in the basin flow into the Chaobai river. 

We measured three water pollutants in the simulation, including T-N, T-P and COD. The different 

coefficient generation sources were classified as household, non-point, production and pig farming. 

Industry was classified as pig farming industry, other stockbreeding industries, planting industry, 

manufacturing industry and other industries based on the characteristics of the target area. 

According to the data collected through a sample survey, we have gathered relevant data on  

the socio-economic and water pollution in the target area. To achieve our research purposes, we 

structured the comprehensive simulation model including a water pollutant flow balance sub-model, a  

socio-economic sub-model, a biomass energy sub-model and one objective function to express all the 

factors and parameters to reflect the influence of effective pig wastes biomass resource utilization on 

water environment. 

3.1.2. Constraints and Setting for the Simulation Model 

Optimization model enables us to simultaneously simulate the water environment management and 

socio-economic situation by creating as much linearity as possible in the functions that is close to the 

reality [1]. Therefore, we formulate the comprehensive system as a linear optimization model which 

we solve using a mathematical optimization software package, LINGO. 

In the simulation case study, we set a series of constraints for this comprehensive water environment 

management model. The water pollutant emission limitation is set as the local government target,  

15% COD reduction by 2020 compared with 2010. The socio-economic development constraints are 

defined by the input-output model. 
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3.2. Introduction of Water Environment Management Policies 

Based on the present technology and policies that the local government has adopted and the 

advanced technology that we introduced to the target area, the integrated water environment 

management policies used in the simulation were incorporated to reduce water pollutants for the target 

area. Particularly, the government of the target area adopted wet methane fermentation technology and 

composting to treat sewages emitted by the pig farming industry. Since we utilize sewage treatment 

and advanced biomass resource utilization technology to solve current water environment problems 

and produce more biomass energy for the target area, we introduced a biomass recycling plant from 

Japan as the advanced technology in the integrated water environment management policies based on 

the characteristics and scales of pig farms in the target area (Figure 2). 

Figure 2. Integrated policies of the target area. 

 

Biomass recycle plant technology is adopted as advanced technology to treat serious pollutants 

emitted by the pig farming industry. The process consists of methane fermentation, electrified 

treatment and a heat and power supply system. Compared with the treatment technology for pig waste 

that was adopted by the target area, the treatment and biomass energy transition of the biomass 

recycling plant technology is much higher (Table 2), but its investment and installation costs are also 

higher than that of wet methane fermentation technology and composting (Table 3). Therefore, we 

should search for the optimal arrangement of the advanced technologies and the treatment efficiency 

based on subsidy restrictions and water environment requirements of the target area. 

Table 2. Pollutant coefficient of different technologies [1,20]. 

Technology 
Water Pollutants Treatment Coefficient kg/One Pig-Year 

T-N T-P COD 

Compost 5.18 0.047 2.85 
Wet methane fermentation 3.25 0.021 1.79 

Biomass recycle plant 0.034 0.003 0.034 
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Table 3. Investment of advanced technology [1,20]. 

Data Biomass Recycle Plant Unit 

Construction Cost 6.5 million RMB Yuan 
Maintenance Cost 0.39 million RMB Yuan 

Electricity Generated 227.59 thousand kWh/year 
Target Scale of Pig Farm 1000 Pigs 

3.3. Data 

The basic data were obtained from the yearbook of Shunyi district 2011 [18], Shunyi district 

Environment Bulletin in 2011 [21], the digital data for the simulations were calculated based on this 

basic data and related statistics from the State Environmental Protection Administration of China [17], 

and partial data of the technologies were obtained from the research paper of Yan et al. [20]. 

4. Simulation Results 

Based on the data processing and simulation, the comprehensive water environment management 

model results can provide a forecast of water pollutant generation and treatment, water quality improvement, 

economic development and biomass energy production in the simulation period (2011–2020) under 

certain cases. 

In the simulation, we defined the water pollutants’ emission limitation according to the local 

government target to decrease 15% of COD emission by 2020 compared with that in 2010, and water 

pollutants were assumed to be descending year by year. Feasible solutions were achieved in Case 15 

(COD deceases of 15% in 2020 as compared with 2010) when we adopted the water environment 

management policies both with introduction of the advanced technology and without introduction of 

the advanced technology. 

4.1. Objective Function 

Although we obtained the feasible solution for Case 0 to Case 15 in the simulation, the results of 

objective function demonstrated that Case 15 with adoption of advanced technology achieved the  

high level of GRP from 2011–2020 as compared with when not adopted, the introduction of  

advanced technology is more effective to simultaneously realize water environment purification and  

economic development. 

When introduction of the advanced technology and COD decreased by 15% compared to 2010; the 

total GRP accumulated for 10 years had a difference of more than 16.63 billion RMB when the 

advanced technology was adopted in Case 15 as compared to when it was not adopted (Figure 3). 

Introduction of advanced technology raised GRP by 7.6% as compared to without the introduction of 

advanced technology. 
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Figure 3. Accumulated total GRP (2011–2020). 

 

The variation in GRP from 2011–2020 is shown in Figure 4. In Case 15, the GRP increased 7.3% in 

2020 with adoption of the advanced technology when compared with no adoption. This result verifies 

that the advanced technology we introduced in the water environment management policies had 

positive impacts on the regional economic development with the restriction of water pollutant 

emissions. However, we can find from Figure 4 that the GRP increase rate in Case 15 with adoption of 

advanced technology was about 2% from 2016–2020. This simulation result shows that current 

technology and water environment management policies or the strict water pollutant constraint is not 

adequate for economic and water environment management, and it is necessary to develop new water 

purification technologies or other incentive policies of water environment management in the future to 

treat the water pollution emitted by households and the manufacturing industry in the target area. 

Figure 4. Change in GRP (Case 15). 
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4.2. Improvement of Water Environment 

The net load of water pollutant (T-N, T-P and COD) flowing into Chaobai river in 2020 is shown in 

Figure 5. The introduction of advanced technology is effective to reduce water pollutants and achieve 

economic development simultaneously. With the introduction of the advanced technology, the net load 

of T-N was reduced by 15.7% and the net load of T-P and COD was reduced 27.6% and 18.7%, 

respectively, in 2020. Meanwhile, the net load of T-N was reduced by 15.1%, and the net load of T-P 

and COD was reduced 18.7% and 16.2%, respectively, in 2020 without adoption of the advanced 

technology. The introduction of advanced technology contributes substantially to the improvement of the 

water environment even through socio-economic activities are maintaining a stable increasing trend. 

Figure 5. Net load of water pollutants of T-N, T-P and COD. 

 

4.3. Subsidization for Each Objective 

The subsidization for each objective in the policy system is provided by local government.  

The government must select the best combination of policies and the proper assignment of budget as 

subsidization for implementation of the best policies. In the simulation, we assumed that the limitation 

of annual budget is 300 million RMB Yuan that the government spends directly and indirectly on 

subsidization for each objective. According to the environmental policies of Shunyi government, it will 

provide 35% of investment construction cost as subsidization for introduction of high efficiency waste 

treatment technology. 

In Figure 6, we showed the accumulation of subsidization allotment in Case 10 to Case 15. 

According to the results of this simulation, we found that the measured costs for household waste 

water and non-point generation are slightly different in Case 10 to Case 15 when the advanced 

technology was adopted. This result illustrated that the installation of more sewage plants and 

subsidization for using organic fertilizer are effective to reduce water pollutants emitted by households 

and industry. We also found that the measured cost for advanced technology became larger as the 

reduction rate became larger, and the measured cost for the production generation source decreased 

when the advanced technology was adopted in Case 10 to Case 15. These results demonstrated that the 
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introduction of advanced technology did not add additional budget burden on the local government as 

compared to that without the introduction of advanced technology. 

Figure 6. Accumulated total subsidization for each objective. 

 

4.4. Development of the Pig Farming Industry 

The variation in production of the pig farming industry is shown in Figure 7. In this simulation, the 

amount of production of the pig farming industry increases by 4.46% in 2020 as compared to 2010 

when we introduced advanced technology. The accumulated amount of production of pig farming 

industry increases 695.44 million RMB over a total of 10 years for the simulation period as compared 

with no adoption of advanced technology. 

Figure 7. Change in production of pig farming industry. 

 

Because of the strict limitation of water pollutant emissions, the development of the pig farming 

industry is seriously affected as the most important water pollutants’ generation source. The pig 
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farming industry production steadily deceased during the simulation period without introduction of the 

advanced technology. 

This result shows that the contribution to the water pollution by wastewater from pig farming 

industry is higher than ever considered, and the efficiency of the current technologies is not sufficient 

to treat the high concentrations of wastewater. It also shows that the most important factor for the 

development of new technology in the future is how to enable treatment of wastewater with higher 

concentrations of pollutants. 

4.5. Development of Other Industries 

Variation in the planting industry and other stockbreeding industries in Case 15 is shown in Figure 8. 

The production of other stockbreeding industries steadily decreased without adoption of advanced 

technology because of the strict limitation of water pollutant emissions. The productions of planting 

industry and other stockbreeding industries increased in Case 15 when we adopted advanced 

technology. The rapid decline of water pollutant emissions of the pig farming industry allows a greater 

capacity for other stockbreeding industries and the planting industry in order to improve the development 

of these two industries. 

Figure 8. Change in production of other stockbreeding industries and the planting industry. 

 

Figure 9 illustrated the production of the manufacturing industry and other industries. The 

production of the manufacturing industry and other industries steadily increased 56.6% and 39.4%, 

respectively, in 2020 as compared with 2010 in Case 15 with adoption of advanced technology. The 

manufacturing industry plays a dominant role in most cities and rural areas in China [20]; the 

production of the manufacturing industry steadily increased in the former years, even without 

introduction of advanced technology. However, under the strict restriction of water pollutant 

emissions, they must decrease their own production to achieve the water pollutant constraints. 

Accordingly, the production of manufacturing industry decreased in the latter years. 
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Figure 9. Change in production of manufacturing industry and other industries. 

 

4.6. Implementation of Advanced Technology and Production of Biomass Electric Energy 

The simulation carried out in Case 15 with adoption of advanced technology demonstrated that  

295 facilities should be installed to treat pig waste in 2020 (Figure 10). According the investment of 

advanced technology in Table 3, the total cost of advanced technology is about 202 billion RMB Yuan 

over 10 years, and the accumulated total GRP would increase about 219.2 billion RMB Yuan over the 

same period. It should be noted that data of maintenance cost of advanced technology is estimated 

based on that in Japan; when we introduce this technology in China, the maintenance cost and 

construction investment cost would be modified and reduced according to the actual situation and 

labor price in the target area. Therefore, the promotion of the advanced technology will be more 

feasible and acceptable. 

Figure 10. Number of facilities of advanced technology (Case 15). 

 



Sustainability 2014, 6 8234 

 

 

In the simulation, it is can be calculated that about 667 million kwh electrical energy over 10 years 

can be produced, if we introduced the advanced technology in Case 15. It can be calculated that the 

total amount of electric energy equals 333 million RMB Yuan. Therefore, these results show that there 

is great feasibility and possibility to introduce this advanced technology in the target area. 

The simulation results indicate that it is effective to describe the relationship between the water 

environment and the socio-economic system in one integrated system with the construction of an 

optimization model incorporating water environment management policies. Based on the results, we 

can conclude that the introduction of advanced technology for the target area is absolutely necessary, 

and the utilization of biomass resources allows simultaneous pursuit of environmental preservation and 

economic sustainable development. 

5. Conclusions 

In this study, we constructed an integrated water environment, socio-economic and biomass energy 

synthetic model for the target area to realize the simultaneous development of water environment 

preservation, effective biomass resource utilization and the regional economy. It can be concluded that 

the integrated approach is an effective method in providing valuable information that is linked to the 

sources of pollution and to their contributions and relation with economic indicators in the target area, 

with the purpose of introducing policy instruments to address water environment problems. In addition, 

this study indicated that any approach to dealing the environmental problems cannot succeed if  

socio-economic and environmental statuses and their interrelation are not taken into consideration 

based on the characteristics of the target area [1]. This comprehensive simulation modeling approach 

can serve as a pre-evaluation resource for local government and provide a basis for policy-making and 

for the development of specific plans [22]. The dynamic simulation also can forecast the economic and 

water environment development in the future with the introduction of synthetic policies. 

The simulation practice in the study also demonstrated that the water environment management 

policy with introduction of advanced technology is very effective and the utilization of biomass 

resource supports the sustainable development of water environments and the socio-economy. In the 

simulation results, it was found that the most important factor for the development of advanced 

technology in the future is how to enable treatment of wastewater with higher concentrations of  

water pollutants. 

For future extensions of this research, we need to consider the air pollution in the comprehensive 

simulation and the policy of pollution tax in the environment management policy system to evaluate 

the reduction of greenhouse gases and economic instruments based on material balance and value 

balance. We will continue our work to achieve a more integrated environment management system to 

provide comprehensive regional plans. 

Finally, dynamic simulation modeling can be an effective tool in simultaneously achieving  

socio-economic development and water environment conservation in the target area. This comprehensive 

evaluation is also expected to improve effective biomass resource utilization and form the basis of 

policy decision-making for sustainable development of rural regions in China. 



Sustainability 2014, 6 8235 

 

 

Acknowledgments 

This research is supported by grants from National Natural Science Foundation of China  

(NO. 41101559), the Fundamental Research Funds for the Central Universities (NO. 2652012084), the 

Beijing Social Science Foundation (NO. 14JGC116) and the program of Key Laboratory of  

Carrying Capacity Assessment for Resource and Environment, Ministry of Land and Resources  

(NO. CCA2013.11). We gratefully acknowledge thorough comments by anonymous reviewers which 

has substantially improved the quality of the final paper, and editors for their help on the paper. 

Author Contributions 

Jingjing Yan made substantial contributions to the questionnaire design, processing and analysis 

and the paper writing. Jinghua Sha participated in the paper design and critical revising of the work  

of Jingjing Yan. Xiao Chu contributed to methodological development and data collecting. Feng Xu  

and Nan Xiang contributed to methodological development. All authors read and approved the  

final manuscript.  

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Yan, J. Comprehensive Evaluation of Effective Biomass Resource Utilization and Optimal 

Environmental Policies; Springer Press: New York, NY, USA, 2014; pp. 3–5. 

2. State Environmental Protection Administration. The Pollution and Measurements for Stockbreeding 

Industry Wastes in China; China Environmental Science Press: Beijing, China, 2002; pp. 13–15. 

3. Hadley, G. Linear Programming; Addison-Wesley Press: New York, NY, USA, 1962; pp. 10–54. 

4. Hillier, F.S.; Gerald, J.L. Introduction to Operations Research; Holden-Day Inc. Press: San Francisco, 

CA, USA, 1967; pp. 107–121. 

5. Wagner, H.M. Linear programming techniques for regression analysis. J. Am. Statis. Ass. 1959, 

57, 206–212. 

6. Ayres, R.U.; Kneese, A.V. Production, consumption and externalities. Am. Econ. Rev. 1969, 59, 

282–297. 

7. Leontief, W.W. The Future of the World Economy; Oxford University Press: New York, NY, 

USA, 1977; pp. 103–124. 

8. Forsund, F.R. Input-output models: National economic models and the environment. In Handbook 

of Natural Resource and Energy Economics; Kneese, A.V., Sweeney, J.L., Eds.; North-Holland: 

Amsterdam, The Netherlands, 1985; p. 6. 

9. Lee, K.S. A generalized input-output model of an economy with environmental protection.  

Rev. Econ. Statis. 1982, 64, 466–473. 

10. Perrings, C. Economy and Environment; Cambridge University Press: New York, NY, USA, 

1987; pp. 110–165. 



Sustainability 2014, 6 8236 

 

 

11. Higano, Y.; Sawada, T. The dynamic policy to improve the water quality of Lake Kasumigaura. 

Stud. Reg. Sci. 1997, 26, 75–86. 

12. Higano, Y.; Yoneta, A. Economical policies to relieve contamination of Lake Kasumigaura.  

Stud. Reg. Sci. 1999, 29, 205–218. 

13. Hirose, F.; Higano, Y. A simulation analysis to reduce pollutants from the catchment area of Lake 

Kasumigaura. Stud. Reg. Sci. 2000, 30, 47–63. 

14. Higano, Y.; Mizunoya, T.; Piao, S.H. Ibaraki Preference in the City Area Project for Promotion 

of Coordination between Industry, Academia and Government, and Advancement of Regional 

Science and Technology: “The Lake Ksumigaura Biomass Recycling Development Project  

(2003–2005)”; Ibaraki Preference: Tsukuba, Japan, 2006, pp. 238–326. 

15. Yan, J.; Xu, F.; Kang, C.; Higano, Y. Effective stockbreeding biomass resource use and its impact 

on water environment from the viewpoint of sustainable development. J. Dev. Sust. Agri. 2010, 5, 

147–150. 

16. Beijing Municipal Bureau of Statistics. Beijing Statistical Yearbook 2011; China’s Statistics 

Press: Beijing, China, 2011; pp. 13–78. 

17. China Ministry of Agriculture. The Planning of Energy and Environment Projects in Large and 

Medium-Scaled Livestock Farms; China Agriculture Press: Beijing, China, 1999; pp. 3–15. 

18. Shunyi District Statistics. Yearbook of Shunyi District Statistics 2011; China’s Statistics Press: 

Beijing, China, 2011; pp. 15–67. 

19. State Environmental Protection Administration. State of the Environment Report; China 

Environmental Science Press: Beijing, China, 2008; pp. 51–74. 

20. Yan, J.; Sha, J.; Chu, X.; Xu, F.; Higano, Y. Endogenous derivation of optimal environmental 

policies for proper treatment of stockbreeding wastes in the upstream region of the Miyun 

Reservoir, Beijing. Pap. Reg. Sci. 2014, 93, 477–500. 

21. Environmental Protection Bureau of Shunyi District Beijing. Available online: 

http://www.syhbj.bjshy.gov.cn/detail.asp?ID=1242 (accessed on 19 March 2014). 

22. Xiang, N.; Sha, J.; Yan, J.; Xu, F. Dynamic modeling and simulation of water environment 

management with a focus on water recycling. Water 2014, 6, 17–31. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


