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Abstract Energy issues are an important part of the agricultural system, and they are closely related to rural production and peasant life. The

state of rural energy development plays an important role in the development of rural ecology, economy and society in China, and is also an im-

portant indicator of the sustainable development capability of China’s agriculture. This article analyzes the principle of the rural energy-ecology

model in the north and its role in the sustainable development of agriculture, and puts forward some views on its existing problems.
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1 Introduction

Agricultural systems engineering is a complex system that includes
multiple subsystems of agricultural production, management, en-
ergy, environment and education. Any change in the subsystem
will cause a change in the entire system. Rural energy is a special
field that not only affects other subsystems, and is also subjected
to other subsystems. China’s rural population accounts for about
56% of the total population, and their consumption for energy is
very large. In order to reduce air pollution in recent years, most
rural areas in North China have abandoned coal burning, which
has been replaced by natural gas, but the use of natural gas for
heating and cooking increases the cost of living for farmers. There-
fore, studying rural energy construction is of great significance in
solving rural energy shortages, protecting the ecological environ-
ment, improving the quality of life, and promoting the sustainable
development of rural areas. In particular, it has good promotion
significance for the " Northern Rural Energy-Ecology Model "

(hereinafter referred to as the "four-in-one" )[1].

2 Principle of 'four-in-one'
The four-in-one model is the " two-high and one excellent" agri-
cultural production model created by the unremitting research of
agricultural science and technology personnel in Liaoning Province
and the repeated practice of farmers in the past ten years. It is the
growth point of the rural economy. It is a comprehensive utilization
body that integrates livestock pen, toilet, solar greenhouse and
biogas digester with solar energy as the driving force and biogas as
the link, based on land resources (Fig.1).

By building a solar greenhouse facing south, a 20-m” live-
stock pen, a toilet and an 8-m® biogas digester in the greenhouse,
a closed system is formed. The four-in-one model makes full use of

solar energy resources to provide suitable temperature conditions
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for plant growth and biogas fermentation in the greenhouse, and
changes the defect of biogas in northern China that can only be
used for half a year and is prone to breezing, thus ensuring gas
production throughout the year. Hunan and animal manure enter
the biogas digester in time, solving the problem of supply of biogas
fermentation raw materials and purifying the environment. The
biogas digester provides abundant organic fertilizer for the produc-
tion of the greenhouse. The vegetable solar greenhouse and the
connected livestock pens form a complement of oxygen and carbon
dioxide. At the same time, the situation that livestock spend lots
of energy on resisting cold in winter, leading to slow body weight
gain is changed, and the cycle of production is shortened, impro-
ving economic efficiency. In this model, simultaneous production
of gas and fertilizer and combination of planting and breeding is
realized on the same piece of land, with sound biological chain

structure and faster circulation of energy and materials.
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Fig.1 Schematic diagram of four-in-one model

The system consists of four subsystems: primary producers
(i.e. crop and vegetable producers) , secondary producers (i. e.
livestock and poultry) , decomposers (i. e. purification and utili-
zation of fecal sewage or biogas engineering) and consumers (i. e.
farmers and the society). Biogas engineering is the central link of
energy conversion material recycling of the system and comprehen-
sive utilization of organic waste, and is the link between primary
and secondary producers, decomposers and consumers, playing a
key role in establishing the dynamic balance of the input and out-

put of the ecological agricultural production system™’ .
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3 Effectiveness of the "four in one'' model in the sus-
tainable development of agriculture

The promotion of the four-in-one model has achieved remarkable
results in North China. It has played a positive role in the local

ecological environment and promoted economic development

(Fig.2).
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Fig.2 Effectiveness of four-in-one model

3.1 Promoting a virtuous cycle of ecological environment
and improving the quality of agricultural products Direct
burning of firewood and straw not only destroys vegetation, causing
soil erosion, but also produces a large amount of smoke due to in-
sufficient combustion, polluting the environment and affecting hu-
man health. Biogas is a clean and hygienic fuel that burns com-
pletely at temperature up to 1 400°C. The remaining gases area
H,0 and CO,, and no harmful substances such as smoke are gen-
erated. Burning biogas also reduces deforestation of forests and
promotes ecological protection and improvement'* .

Livestock and poultry manure sewage is both a serious source
of pollution and a valuable resource. It is estimated that the vol-
ume of pollutants produced by a 10 000-pig farm is equivalent to
that of a town with a population of 50 000. The harmless treatment
of livestock and poultry manure sewage, that is, pouring them into
the biogas digester for fermentation, not only removes organic pol-
lution, purifying the environment but also clears many places
where pests and diseases are born, greatly reducing the incidence
of diseases. At the same time, biogas fermentation can kill most of
the pathogens and their larvae.

The problem of pesticide residues in agricultural products has
reached a panic level, seriously hindering the export of agricultur-
al products. Although the relevant departments have been vigor-
ously advocating the promotion and use of high-efficiency, low-
toxicity and low-residue pesticides, due to various reasons, the
promotion work is very difficult. Biogas slurry can kill pathogenic
microorganisms on the surface of seeds to enhance the disease re-

sistance of seeds. Biogas slurry contains antibiotics, which can be

sprayed on the foliage of plants to prevent certain pests and disea-
ses, and have strong disease resistance, thereby achieving the
purpose of increasing production and improving quality. Thus,
pollution-free vegetables and green food are produced™’.

The use of biogas fertilizer not only saves fertilizer but also

reduces costs. Moreover, it has changed the physical and chemi-
cal properties of the soil, improved the soil fertility, and enhanced
the stamina of agricultural development. The biogas digester in the
solar greenhouse can produce gas all the year round, and farmers
use biogas as living fuel, saving a lot of firewood and straw re-
sources that can be converted into feed and used for returning to
the field, further promoting the development of animal husbandry
and increasing soil organic content.
3.2 Promoting economic development According to the sur-
vey, on average, each "four-in-one" model can produce 8 pigs,
900 kg of anti-season vegetables, 360 m’ of biogas and 18 m’ of
biogas slurry per year, increasing the net income of farmers by
6 000 yuan. As natural gas is not used throughout the year, about
800 yuan of natural gas cost is saved. Biogas slurry and biogas res-
idue can be used as green pesticides and high-quality organic fer-
tilizers. They can reduce the pesticide use in vegetables, flowers
and crops by 80% —90% . The amount of pesticides and chemical
fertilizers reduced by biogas residue and biogas slurry is equivalent
to saving 9 000 yuan of fertilizers and pesticides per hectare".

Biogas residue and biogas slurry are high-quality feed addi-
tives that promote the conversion of biogas, accelerate the accu-
mulation of glycogen and muscle sugar in animals, reduce the in-
cidence rate of diseases and increase the feed conversion rate. The
fattening period of pigs has been shortened by 5 — 6 months from
the past 10 months, and the feed conversion ratio has been re-
duced to 3.5:1 from 5:1 in the past. The biogas slurry produced
by anaerobic fermentation of human and animal manure is rich in
essential elements such as nitrogen, phosphorus and potassium
necessary for plant growth. It also contains trace elements necessa-
ry for plant growth such as calcium, iron, copper, zinc, fierce
and aluminum. Recently, it has been also detected that biogas
slurry contains amino acids, auxin, gibberellin, hydrolase, mono-
saccharides, humic acid, B vitamins and certain antibiotics.
These substances have important regulatory effects on crop growth
and development. When applied to crop farming and aquaculture,
agricultural investment and production costs can be reduced™’.

When biogas is used to grains storage, insects can be preven-
ted. Biogas contains about 60% of methane, and about 35% of
trace gases such as CO,, H, and N,. When the concentration of
these gases is raised, an environment of hypoxia and suffocation will
be formed. Therefore, inputting an appropriate amount of biogas in-
to the grain storage device and keeping it closed for a certain period
of time can make pests suffocated and died due to lack of oxygen.
On average, each household can recover 50 kg of food per year.
3.3 Positive social benefits The construction of biogas digest-
er in rural areas requires a large amount of cement, steel, bricks,
biogas lamps, stoves and other products. This has stimulated do-
mestic demand, increased employment channels and promoted so-
cial and economic development. When a biogas digester is built,
human and animal waste and domestic sewage can be directly
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poured into the biogas digester as raw fermentation materials to
change the dirty, chaotic and poor conditions in the rural living
environment and eliminate the breeding places of mosquitoes and
flies, thereby greatly reducing mosquitoes and flies, and reducing
the incidence of diseases, purifying the environment, and avoiding
contamination of groundwater sources. The development of biogas
and the combination of livestock and poultry pens, biogas digest-
er, toilet and greenhouse are characterized by cleanness and hy-
giene and low incidence of diseases. The use of biogas for cooking
frees rural women from the smog, and their life is more conven-
ient, not only reducing the labor intensity but also improving the
quality of life, not only bringing huge changes to village farmers in
the economy but also bringing about certain improvements in spir-
itual civilization. The village appearance and the spirit of the mas-

ses have undergone fundamental changes'”’.

4 Suggestions

Although the four-in-one model plays an important role in protecting
the ecological environment and promoting rural economic and social
development, there are still many shortcomings. Just like any tech-
nology, rural energy-ecology technology needs to be continuously
improved. While doing the pilot demonstration work, it is still nec-
essary for the majority of science and technology workers and farm-
ers to continue to explore and achieve a new leap in this technology.

Due to the backwardness of rural areas in terms of transporta-
tion and information, it is difficult to promote and popularize new
energy information and technologies in rural areas, making it diffi-
cult to effectively use the local abundant energy resources in rural
areas. Governments at all levels should increase the propaganda of
new rural energy technologies.

The current service system for rural energy construction cannot
keep up. In some places, many farmers have begun to use biogas,
but when it is necessary to repair and replace some accessories, they
find it difficult to find the corresponding service points and service
personnel. Training for technical construction personnel should be
strengthened for this problem to improve the quality and technical
level of the rural energy construction team, thus promoting employ-
ment and solving the difficulty in rural energy maintenance.

Rural energy-ecology technology is the integration of farming
technology and energy technology. The vegetables, fruits and oth-
er agricultural products produced are all pollution-free green
foods, the market demand for which is large. However, the trans-
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formation of individual farmers’ production methods cannot form
mass production, and it is also difficult to obtain good economic
benefits through the mechanism of high quality and good price in
the market. Therefore, the four-in-one model built in the court-
yard should rely on the effect of one household leading neighbors
and neighbors leading the whole village, gradually forming a scale
and grabbing the market by scale.

5 Discussion

Biogas ecological agriculture technology is an efficient agricultural
technology with less investment, less risk, quick effect, far-reac-
hing prospects and near-effectiveness, and is an effective way for
farmers to get rid of poverty and accelerate rural energy construc-
tion, playing a great role in alleviating the shortage of energy used
in rural areas, improving energy efficiency, and protecting rural
resources and the environment. It is believed that the development
of biogas not only has good economic benefits, but also has better
ecological and social benefits. Biogas project is a project to enrich
the people and benefit the people, and it is an effective means to
promote agricultural efficiency, farmers’ income, environmental

improvement and social development.
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