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Abstract. This paper selects the typical straw energy utilization model, large and medium-sized centralized biogas production mode. It is found that under the current capacity load, the eco-economic indicators, sustainable development indicators, environmental load indicators have their own advantages and disadvantages. Compared with coal power, the model has high renewability and low environmental load. The model is in full compliance with the environmental protection requirements of the current rural ecological civilization construction in terms of environmental indicators. But it does not have long-term sustainability because economic indicators and sustainability indicators are not good. Especially in the case of severe low load capacity, the economic and sustainability are relatively poor, but with the release of production capacity, assuming 100% capacity load, the economics and sustainability are greatly improved. A certain gap needs to increase government intervention and support.
Introduction
In order to cope with the severe haze in northern China, Since 2016, Chinese government has implemented Beijing as the center，promoting the replacement of decentralized burning coal, coal to electricity, and coal to gas in Beijing, Tianjin and Hebei. The sudden large-scale increase in gas consumption in winter led to the "gas shortage" in winter 2017. As a big agricultural country, straw resources are abundant in China. By 2015, the total amount of straw resources in China has exceeded 1 billion tons[4], accounting for 20%-30% of the total straw production in the world [7]. Among them, the corn straw resources in North China are 80.66 million tons [19]. It accounts for 19.55% of the total corn stalk production in China. Straw as biomass energy, its efficient and rational use can not only alleviate the energy crisis, but also play an important role in environmental protection and sustainable development [24]. As a renewable and clean energy, biomass energy has attracted more and more attention [5]. Especially in remote rural areas where pipeline natural gas is difficult to reach, exploring centralized biogas production of biomass energy, is also a beneficial attempt to improve the environment and improve the living standards of rural residents. 
However, what are the advantages and disadvantages of the centralized biogas production model? How about the indicators in terms of eco-economics and environmental sustainability? It needs to further analyze.
Materials and Method
1.1.   Object
This study was conducted in Xianxian County (38020',1116020'), Hebei Province. The average annual sunshine hours were 2511.0 hours, accounts for 56% of the total sunshine hours. The annual average precipitation is 618 mm, the annual average precipitation days are 68 days; the precipitation is concentrated in June-August, July is the most. The average annual wind speed is 2.91m/s. The average annual evaporation is 1430.5 mm.
The project was built in 2012, with a total investment of $0.96 million (equal to 6 million Chinese Yuan (CNY), $1 = 6.25 CNY, same as below). The project covers an area of 8000 m2 and the construction area is 310 m2. The project construction investment is $0.21 million, the equipment purchase cost is $0.51 million, and the equipment engineering and installation service costs are $0.24 million. The project is equipped with 2×2000 m3 fermenters and one 1500 m3 membrane gas storage cabinet and supporting equipment. The project uses corn stalk as the main fermentation material and adopts a mesophilic fermentation process. It is wet anaerobic digestion type. The project's full-load capacity can reach 2000 m3/d, with an annual output of 730,000 m3/a, which supplies biogas to 3000 households. The annual consumption of corn stover silage (water content 60%) is 5800 t, and the straw transportation radius is 10 km. The actual production capacity of the project is only 25% of the designed production capacity. Currently, it supplies 750 households with a daily gas supply of 500 m3 and a gas sales price of $0.32 per m3. The annual consumption of straw is 1450 t (water content 60%) and the annual gas production is 182,500 m3. After solid–liquid separation, most of the digestate is used for re-flux, and the solid fraction is used for organic fertilizer supply. The project produces 700 t of solid fraction (water content 60%). In winter, hot water boilers are used to increase the temperature of biogas digesters, which consume 8 t coal annually. The project rents the land in the village, and the rent is $0.48/m2 per year. It is equipped with a 90-horsepower diesel truck and a dump truck. The straw purchase price is $24/t. It uses 5860 m3 of groundwater per year, supplemented with a small amount of rainwater, and uses 8518 kWh of electricity. There are 2 workers in the straw storage stage. There are also 2 full-time operators, and the salary is $480 per month.
1.2.   Methods
According to the emergy theory of H.T.Odum (Odum, 1996), the emergy input are classified: Renewable natural resources (R), Non-renewable natural resources (N), Purchased renewable resources (RP), Purchased non-renewable resources (NP), Renewable resource (R + RP), Non-renewable resource (N + NP), Purchased resource (RP+NP), Total emergy input (R+RP+N+NP). The emergy output is product, referred to as Y.
The ecological economic value evaluation index includes Emergy yield ratio (EYR) and Emergy investment ratio (EIR). The expression of EYR is Y / (RP + NP). The expression of EIR is (RP + NP) / (R + N). EIR is to used to evaluate system cost, the smaller the value, the lower the system input cost. The expression of ESI is EYR / ELR. The expression of RI is (RP + R) / Y. The expression of ELR is (NP + N) / (RP + R). It reflects the pressure of the system on the environment.
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Figure 1. Energy flow diagram of CBP project
1.3.   Data source
The relevant energy conversion coefficient is based on the "Agricultural Ecology" edited by Chen Yu, and the calculation method of the original data comes from [15]. The conversion rate of solar emergy in this paper comes from the relevant research of various scholars, and adopts a new emergy benchmark of 15.83E+24 sej/a.
In this study, the system boundaries of both models were started from the crop planting stage, and the product utilization was the end (Figure 1). The production process of straw biogas project is divided into five stages: collection-storage-transportation of raw materials, pretreatment, anaerobic fermentation, purification-storage, and product utilization.
Data on diesel and pesticide use [6]. References for diesel, machinery, etc. [23]. Emissions per unit of CO2 emissions are derived from [21] and [9].
In the corn planting stage, the solar energy, wind energy, rain energy and topsoil loss data are based on the average of Hebei Province, and the corn growth cycle is calculated at 120d. The basic data on the consumption of seeds, fertilizers and labor costs are calculated using the average of the national statistics from 2014 to 2016 [12, 16, 17]. The amount of pesticide used is quoted [6] .Reference to the amount of diesel and machinery [22] .Emissions per unit of CO2 emissions are derived from [20] and[10]。
In this study, straw was used as a by-product of crop cultivation, and the planting stage was distributed using an economic value-based distribution method. Corn has a grass-to-grain ratio (including stems and cores) of 1.1 and a corncob-to-corn yield ratio of 0.21[2]. The corn stem-to-corn yield ratio is 0.89 [18]and other studies have shown that up to 60% of straw can be collected and used as an energy source, that is, the straw utilization factor is 60%. At present, silage (water content 60%) price 150 CNY / t, dry corn core 300 CNY/t, corn 1600 CNY/t [11], through calculation, straw accounted for 9.52% of the planting process emergy input.
The moisture content of corn stalks acquired by the biogas project is 60%. The biogas project currently consumes 1,450 tons of straw per year. At present, the average corn yield in North China is 5,995 kg/ha [12]. According to the current production capacity, the biogas project can absorb 181 ha of cultivated straw.
The straw collection area is a circular area centered on the biogas station, and the straw collection radius is 5km. Straw is mainly based on direct transportation by farmers and brokers. The main means of transport for straw is the tractor trailer. The fuel consumption of the straw transport process is calculated as 0.06 L/(t•km) [10]. The average low calorific value of diesel is 38.72 MJ/L.
According to [13] , China currently accounts for 11.7% of renewable energy, so this article divides electricity into 11.7% renewable energy and 88.3% non-renewable energy. 
Results
1.4.   Ecological economic evaluation
Table 1. Emergy indicators under different loads
	Items
	Current
	Full

	EYR
	1.05
	1.11

	EIR
	18.42
	9.20

	ESI
	0.38
	1.11

	RI
	0.26
	0.50

	ELR
	2.80
	1.00


EYR is the ratio of the total output of system emergy to the value of purchased emergy. It is similar to the “investment-output ratio” in traditional economic analysis, and is an indicator to measure the efficiency of input and output of the whole system. The higher the EYR, the higher the emergy output of the system with less investment and higher economic efficiency. Under the non-full-load operating conditions, the EYR of the CBP project is 1.05. The full load EYR is 1.11.
EIR is the ratio of the purchased emergy to the unpaid value, which is used to evaluate the system cost. The smaller the EIR, the lower the system input cost. Under the current load operation conditions, the EIR of the CBP project is 18.42, which is 9.2 at full load. Under full load, the system input cost is 100.22% lower.
1.5.   Sustainability evaluation
ESI is defined as the ratio of the emergy yield ratio to the environmental loading ratio. The higher the ESI, the better the sustainability of the system. Usually, ESI<1 is difficult to develop over a long period of time, and the system belongs to the consumer economy system; ESI>10 means that the system economy is underdeveloped and still has a large space to be developed; ESI is between 1 and 10, Indicates a greater operational vitality. However, if it is under full load, sustainability will be significantly improved and it will have better vitality. Therefore, it is necessary to continuously optimize the process of improving the project, expand the market, strengthen government support, and improve the sustainable development capability of the project.
RI is the ratio of the renewable emergy to the total emergy of the input system. Renewability indicators are inversely related to ELR and can be used to evaluate system reproducibility. The larger the RI value, the smaller the dependence of the system on local environmental resources and external economic input, and the stronger the self-sustainability. 
1.6.   Environmental assessment
ELR is the ratio of the total amount of non-renewable energy value of the system to the total amount of renewable energy. It is the environmental benefit to characterize the system's impact on the environment. The smaller ELR, the smaller system's pressure on the environment. In general, 2<ELR<10 indicates that the environmental load of the project is moderate. Under the current load operation conditions, the environmental carrying rate ELR of the CBP project is 2.80. Although it is 180% higher than the ELR under full load operation conditions, the environmental benefit index is still very suitable.
Discussion
From the perspective of model indicators and improvement measures, the model has high renewability and low environmental load, which is important for reducing fossil energy consumption, environmental damage and slowing global warming. However, the emergy yields is low and do not have long-term sustainability. Economic may imply Social Sustainability. There are inter-dependencies between Economic and Environmental Sustainability[1]. The collection radius of CBP is small, and there are many types of agricultural waste that can be absorbed[3]. 
The process of the analysis reveals the improvement measures.There is still a lot of optimization space in project management, technical process, market development and so on. The use of it is an important boost to achieve energy conservation and emission reduction. However, compared with countries such as Europe, China's biogas technology still has problems such as high energy consumption and short equipment life (Ji et al., 2018). The model still have great potential for optimization and improvement. Government plays an essential role in the diffusion of improved technologies[25]. 
There is still many unreasonable places in everything from construction to operation. It is fully capable of fully releasing production capacity, better improving the eco-economic benefits and sustainable development capabilities of the two models, and improving the competitiveness of rural renewable energy utilization. By reducing labor input during the planting stage, increasing the use of renewable energy during transportation, reducing fossil energy input, improving production processes, improving output efficiency.
It can optimize rural energy structure. To facilitate energy transition needs to optimize energy structure and improve energy efficiency [14]. Now with the strong push of the government, it has gradually improved. At present, under the premise of absorbing agricultural biomass resources to reduce pollution of air, surface water and groundwater, such as open burning, optimizing the energy consumption structure of rural areas and improving the quality of life in rural areas, it is also necessary to adapt the needs of farmers to the local conditions and respect Farmers' living habits, improve the accessibility and affordability [8], combined with the project's own attributes, choose the most suitable biomass energy use in rural areas. Therefore, the development of complementary integration based on local conditions is an important measure to optimize the energy consumption structure in rural areas, improve the ecological environment, and build a new socialist countryside.
Conclusion
Based on the survey data collected in Hebei Province in 2018, this study analyzed the representative project of straw resource utilization in rural areas using the emergy analysis method. The research shows that the emergy analysis method can systematically and comprehensively compare the utilization of rural biomass resources. This method provides decision-making basis for the development and layout of rural renewable energy utilization in China from the perspectives of ecological economy, sustainable development and environmental protection. Provide a reference for finding a path suitable for energy structure optimization in rural China.
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