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Abstract

This paper introduces three typical biogas systems that take anaerobic fermentation of human 
and animal “wastes” as the key technology and integrate biogas production with agricultura l use 
of digested effluent and sludge, and sanitation. These popularly disseminated systems in China 
practice the theory of “closing the loop” and achieve great significant benefits on promotion of 
renewable energy utilization, improvement of farmers’ living environment, increase of farmers’
revenue from saving their expenditure on commodity fuels by biogas, and improvement of
agricultural products by using organic fertilizer instead of chemical fertilizer.

Regarding with the population who are engaged in a gricultural production, China is surely
named as the biggest agricultural country in the world. The 2002’ statistical yearbook1 states
that by the end of year 2000, there were 853.7 million rural populations, 66.57% of the total 
national population, much higher than 42.38% of the global average. On the other hand, the 
animal husbandry in either intensive farm or domestic scale, the animal husbandry is developed
rapidly. However, contradicted with the increase of rural population and animal husbandry, the 
human urine and excreta and animal manure trend to be less and less effectively used, which 
worsens the rural opening environment and the quality of surface and underground water.
Consequently it results in the spreading of infectious diseases. In year 2000 the chemical
fertilizer application was 327.0 kg/hectare as a national average and to achieve a near -term
high productivity, farmers shift to apply more and more chemical fertilizer, even traditionally,
Chinese farmers used to apply human urine and excreta and animal manure for agricultural
production. It was estimated that only 35% of the total fertilizer input was from organic fertilizer 
(Li Qingkui, 1998) and the utilization rate of human urine and excreta was less than 30% (Li
Qingkui, 1998).

To solve the contradiction between more output of human and animal “wastes” from increasing 
population and expanding animal breeding and their less agricultural use is a systematic subject 
which concerns with multiple factors such as theoretical research on ecological circulation of 
matters, technical solution, financial feasibility, and social acceptance, etc.. Likely, there are 
some existing activities happening in China to take care of the treatment and re -use of the 
“wastes” in terms of improvement of toilet structure, handling approaches of “wastes”, as well as 
from the point of end use or disposal. Currently, wide-spreading systems integrating “wastes”
from toilet and animal houses with their agricultural use after appropriate treatment and taking 
the anaerobic fermentation as the key linkage in China sound prospective as a model of
“closing the loop”.

1
2002 Statistical Yearbook issued by the Chinese Ministry of Agriculture
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Household biogas-integrated systems were originally developed and used mainly for energy
production (biogas) in early 80’s when the whole state faced a strong competitive demand on 
energy sources with the dramatic economic development after opening to the outside world and 
reform. Then the systems are improved gradually to be an integrated system with multiple
functions along with the change on energy, agricultural production, rural development, as well 
as macro economic development. Consequently according to the statistics from the Ministry of 
Agriculture, the systems had been extended to over 9.57 million households accumulatively by 
the end of 2002 and 857.4 in operation in that year.

The experience shows that the systems are with multiple functions including clean energy
production, sanitation, as well as green farming:

• Biogas - clean and renewable energy to replace coal, LPG, as well as firewood;

• Green farming - use of digested organic effluent and sludge;

• Sanitation - Improvement of living environment by avoiding open disposal of the wastes,
elimination of flies production etc.

The systems experience the theory of “closing the loop”. Urine and excreta from human beings,
animal dung, and sometimes organic garbage from farm households are flowed to a biogas
digester which produces biogas for both domestic use as household cooking and lighting and 
production use like biogas lamps in greenhouses as carbon fertilizer. The digested effluent and 
sludge then are used for agricultural plantation such as vegetable, cereal, and orchards. All the 
agricultural products are consumed by human beings and animals.

Figure 1: “Closing-Loop” of the integrated biogas system

Varying on various features of climate, agricultural production structure, availability of
resources, as well as social behaviors in different regions in China, there are three major typical 
models in China. Shortly, there are named as “four-in-one” in cold Northern China, “pig-biogas
digester-orchards” in southern China with more tropical climate, and “five components
integration” in Northwestern China with dry climate.
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I. “Four-in-one” model in cold Northern China

The system is consisted of the following essential components: a solar greenhouse facing the 
south with a area of around 200 – 600 m2, a 20 m2 animal house at its western or eastern side 
of the greenhouse, a 1 m2 toilet, and a biogas digester with a volume of 6 m3 underground the 
animal house.

The northern model integrates the biogas digester, animal house, toilet, and the agricultural
plantation in a closed solar greenhouse which keeps the digester, animal house, and plantation 
with an appropriate temperature and humidity to make the biogas production, animal raising, 
and plant growth possible in cold winter in Northern China. The greenhouse is constructed with 
a well-insulated wall as the framework at the northern side and usually adopts plastic film for 
sunshine transfer at the side facing south. The test done by Liaoning Rural Energy Office shows 
that even when the outside temperature is minus 20 °C, the inner temperature can reach over 
10 °C, which enables the biogas production and agricultural plantation. Meanwhile, the animal 
breeding also helps to raise the greenhouse temperature. Measured by Liaoning Rural Energy 
Office, ten pigs weighing over 50 kg in pigpen inner a 100 m2 enables the greenhouse
temperature raise 1°C, and ten pigs weighing over 100 kg 1.5 °C. Carbon dioxide produced from 
exhale of pigs and combustion of biogas inner greenhouse increases the temperature of
greenhouse and provides the plants as carbon fertilizer. On the other hand, the photosynthesis 
of plants provides sufficient oxygen for animal breath. The digested effluent and sludge from 
biogas digester is used as fertilizer for plants, which replace the application of chemical fertilizer 
and enable the vegetables and fruits certificated as non-polluted products.

All the system components form a well-circulated loop of energy and material flows (Fig 1).

A integrated system with a greenhouse covering 667 m2, in which 494 m2 of agricultural
plantation land, a 8 m2 biogas digester, a 20 m2 pigpen, and a 15 m2 room for farmers’ stay, 
costs around US$ 1,840 as primary investment. With a yearly incremental revenue of around 
US$ 635 from sale of plants and pigs and save of chemical fuels and fertilizer, the dynamic 
investment recovery period is less than three years when taking 10% as the discount rate.

Figure 2: Sketch of “four-in-one” model in Northern China
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II. Pig-biogas digester-orchards”model in Southern China

The typical model on integrated biogas system for tropical southern China is normally consisted 
of the following essential components: an animal house (pigpen) covering 20 m2 with 4-5 pigs in 
stock normally, a 8 m3 biogas digester, and 0.33 hectare of orchard land or vegetable land. 
Similarly with the northern model, the digested effluent and sludge are applied for fruit or/and 
vegetable production, and the biogas for household cooking and lighting. Additional to that the 
toilet is connected with the inlet of digester, in some modern styles, the digested effluent can 
even be used to flash the toilet, which saves the water consump tion. The improved orchard 
land, reconstructed pigpens, nearly built digester, and reformed sanitation toilet costs around 
US$ 585. With direct saving of cooking fuels and electricity by biogas, saving of chemical
fertilizer by organic fertilizer, and incremental income from more and better quality fruits
(vegetables, etc.) and pigs, the total revenue from the biogas integrated system is estimated as 
US$ 280, which makes the invested recovered in about two years.

More importantly, the replacement of firewood by biogas in southern China has a significant role 
on local ecological improvement. It is estimated that one biogas integrated system with a warm 
climate in Southern China can produce 450 m3 of biogas. It is equivalent to the yearly growth of 
0.35 hectare of firewood forestry.

Figure 3: Sketch of “pig-biogas digester-orchards”model in Southern China

III. “Five components integration” model in Northwestern China
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The whole system including the improvement of orchard land and construction of a orchard care 
room, a 20 m2 solar pigpen, a water tank, and a 8 8m3 biogas digester costs US$ 646 in local 
price level. A yearly saving of fuels by biogas use and of chemical fertilizer by organic fertilizer 
application and a yearly incremental income from fruits or/and vegetable production and pig
breeding account for US$ 256 in average. Consequently, the primary investment can be
recovered in three years.

IV. Comprehensive utilization of products from the systems

Biogas for carbon dioxide in greenhouses

The content of carbon dioxide in atmosphere is around 0.03%. While biogas combustion in
greenhouses can increase its content to over 0.1%, which accelerates the photosynthesis of 
plants, then their yields. Table 1 shows the impact of different contents of carbon dioxide to 
plants in greenhouses.

CeleryContent of CO2

(%) Height of plant (cm) Weight of single plant (g)

Cucumber yield 

(kg/m2)

0.02 – 0.03 44.9 7.8 7.8

0.08 – 0.11 66.8 12.5 10.3

Table 1: Impact of carbon dioxide increase by biogas combustion in greenhouses (Source: Zhou, 1999)

Fertility of digested effluent

For the anaerobic fermentation is a complex biochemical process, the contents of digested
effluent vary with the differences of raw materials, rotation time, fermentation technique, etc..
Table 2 shows a test on its fertility.

Digested
effluent

Whole C
(mg/ml)

Whole N
(mg/ml)

Whole P
(mg/ml)

Whole K
(mg/ml)

NH3- N
(mg/l)

Rapid
effective
P (mg/l)

Rapid
effective
K (mg/l)

Number of 
samples

135 133 74 75 74 78 78

Maximum
content

4.82 0.99 0.98 3.90 971 315 3,900

Minimum
content

0.42 0.09 0.10 0.38 24 4.95 375

average 2.03 0.39 0.37 2.06 295.5 73.32 1,758.3

Table 2: Fertility contents of digested effluent (Source: Yuan, 2001)

Conclusions and recommendations

The experience on integrated biogas system applicat ion in China shows that the different
models designed on various local natural and economic conditions fit the local demands. They
practice the theory of closing the loop by integrating biogas production by anaerobic
fermentation with “wastes” treatment and agricultural utilization, by taking the “wastes” as
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valuable resources for agricultural use, and contributing to the improvement of sanitation
condition in rural China.

However, in the current systems, there is no separation between urine and excrete in human
wastes, and the animal waste is mixed with all the human waste from toilets. After anaerobic
fermentation with normal-temperature (without any external heating input and the fermentation 
temperature varies upon the surrounding environment), the digested matter is applied for
agricultural use without any further hygienic treatment. Therefore, it is recommended that there 
is urgent need on systematic studies on pathogen killness effectiveness in normal-temperature
anaerobic fermentation and on safeness of agricultural use of digested effluent and sludge,
such as their application on plantation. Specially, there is a use of digested effluent and sludge 
for animal breeding like pigs or/and fish. In this issue, a joint work between international and 
national efforts and a joint team composing expertises from different sectors including resource 
management, energy, health, sanitation, etc. should be fully encouraged.
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