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The total energy consumption per year in 
China is the equivalent of 855 million tons of 
standard coal. And, 80 per cent of the total 
rural energy or the equivalent of 250 million 
tons of standard coal, is consumed as rural 
domestic fuel. The following is a breakdown 
of the kinds of domestic fuel employed in rural 
areas: 
• Stalks (from crops) 
• Firewood 
• Coal and charcoal 
• Livestock excrement 
• Other fuel (weed, leaves, etc.) 
Quite clearly, most present resources for rural 
energy are biological in origin. 

Rural China has a vast area, where peasant 
dwellings are widely dispersed. Large quan
tities of energy are required, and today 
approximately 70 per cent of the total rural 
habitat is short of fuel. Most rural districts lack 
from two to three months' worth of fuel per 
year, while some individual districts lack from 
four to five months' worth. Because of such 
serious shortages of organic fuel, farmers must 
spend considerable time and effort in col
lecting wood, grass, roots and stalks from 
crops, as well as other organic material, in the 
fields and mountains. This method strips the 
plant covering from the earth's surface, 
causing soil erosion from watershed on the 
slopes, which in tum transforms good cul
tivable land into sandy terrain. The ecological 
balance on farm lands is destroyed, thereby 
working against efforts to improve unfavor
able agricultural conditions. Therefore, unless 
alternative solutions to the problem of organic 
fuel are found, the modernization of Chinese 
agriculture will be adversely affected. 
More than 90 per cent of all rural energy 
depends upon some form of biomass energy. 
The consumption of biomass energy amounts 
to about 540 million tons, nearly all of which is 
obtained from direct burning, with very low 
efficiency (generally below 20 per cent). 

When the biomass energy is burnt directly, 
only a small part of its heat is used, and its 
fertilizing constituents are not utilized at all. 
The biomass burnt every year is equivalent to 
burning 2 million tons of pure nitrogen, which 
is a great loss to soil fertilization. Therefore, 
when employing biomass energy, we must try 
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to utilize both its energy component and its 
nutrient component. Practice has proved that 
methane production is the most efficient way 
of biological energy conversion. Human and 
animal wastes, stems and leaves of all kinds of 
plant, garbage, and other organic matter are 
discharged into a methane-generating tank as 
raw material for fermentation. Not only 
methane gas, which can be used as fuel, is 
produced but also most of the nutrient com
ponent of plants, the nitrogen, phosphorus, 
and potassium, is preserved, all of which are 
high-quality organic fertilizers. 

It is estimated that, under present conditions 
in our country, if half of all human and animal 
excrement, as well as crop stalks were used to 
produce methane gas, the output in methane 
gas would be 68,300 cubic meters a year. In 
addition to supplementing rural energy pro
duction, this can be used to generate power 
and electricity. Hence, it is apparent that 
developing methane production is one of the 
most efficient ways of solving the problem of 
rural energy needs. 

Methane wning is one of basic procedures in 
the planned production of energy. 

We have already done some preliminary work 
in this realm. Two kinds of divisions have 
been worked out. We divided the whole 
country into several different zones. Each 
wne has its own special characteristics with 
regard to methane production. This was done 
in order to determine the critical aspects and 
eventual steps to follow in developing 
methane for different wnes. 

A. Division according to temperature. 
Climatic temperature is an important factor 
affecting the output of methane gas when 
fermentation is done at atmospheric tem
peratures. If the fermenting temperature in 
the methane-generating tank is lower than 
lOoC, then the fermentation will not take place 
properly, resulting in low methane output. 
The temperature of the methane tank is also 
closely related to the temperature of the earth. 
Because data is lacking on the earth's tem
perature at deep levels, we have decided upon 
a division into zones according to climatic 
temperature. There are five zones covering 
the entire country: 

1) Zone I: The average monthly tem
perature is higher than 10°C for 10-12 
months. 
2) Zone II: The average monthly tem
perature is hightlr than 1acC for 8-9 
months. 
3) Zone III: The average monthly tem
perature is higher than 1acC for 6-7 
months. 
4) Zone IV: The average monthly tem
perature is higher than 10°C for 4-5 
months. 
5) Zone V: The average monthly tem
perature is higher than 1acC for less than 4 
months. 

B. Comprehensive zone divisions: 
Zoning according to such factors as a shortage 
of firewood, the resources for producing 
methane gas, and the economic conditions is 
called comprehensive division. Taking a 
county as a geographical unit, and the three 
above-mentioned aspects as criteria, several 
different situations have been worked out: 

1) Firewood shortage: serious firewood 
shortage; average firewood shortage. 
2) Methane producting resources: rich in 
resources; average in resources; poor in 
resources. 
3) Economic conditions: rich; average; 
poor. 

Evaluating the three criteria and taking into 
account the factors of temperature division, 
we can obtain the order, amount, and scale for 
reasonable methane development. For 
example, the average monthly temperature of 
Guangdong Jiangxi, Hunan, Zhejiang, 
Sichuan and eleven other provinces in China 
is above 1acC for more than eight months a 
year. Among these provinces, Guizhou, 
Tianjin, Hangzhou, Shanghai and Changsha 
municipalities have serious shortages of 
organic fuel in the countryside, but they are 
rich in methane producing materials and from 
an economic standpoint. Obviously, these 
four municipalities will be the focal points for 
developing methane. 

Design of Methane Tanks 

Methane production and the use of methane 



were developed in China early in the 1930's. 
Zhou Peiyuan, the famous scientist of China, 
built an underground, hydraulic pressure 
methane tank in Yixing County (Jiangsu 
province) in 1936 to produce methane for 
cooking and lighting. In the same year, a 
methane tank wqs built in Anhua Town of 
Shuji County, (Zhejiang province) for the 
inhabitants to light their lamps. An indoor 
methane tank in Wuan County (Hebei pro
vince), which was built in 1937, still exists in 
good condition and can be used to produce 
methane. The history of methane gas use in 
China is about 40 years old. Since the foun
dation of New China, the Chinese govern
ment has very much emphasized methane 
development. At the end of 1978, there were 
seven million methane-generating tanks built 
in China. Among these, there were 36,000 
medium-size tanks. There were 751 small-size 
methane power stations with a total capacity 
of 9,234 HP., and 617 small-size methane 
electric generating stations with a total capa
city of 5,060 KW built during the same 
period. During the five years from 1973 to 
1977, there were five million tanks built in 
Sichuan province alone. This number of tanks 
provided for 70 per cent of the total agrarian 
families in 22 counties or municipalities in that 
province. With the introduction of renewable 
energies, the accumulation of manures to 
reclaim soils, and the improvement of rural 
environmental sanitation, farmers have had 
more leisure time to study science and agro
nomy, thereby contributing to modernization 
of agriculture in China. Methane gas deve
lopment has helped farmers to solve some of 
the above problems already. 

As those 7 million methane tanks already built 
are able to supply cooking fuel for 30 million 
people and 40 million tons of organic fertilizer, 
the construction of tanks has now passed from 
the demonstration phase to that of wide 
applicability, methane gas has become a 
productive force in the national economy. The 
whole structure of rural energy in China has 
been greatly changed by the development of 
methane gas. 

Besides providing microbes with favorable 
conditions for fermentation, rational design 
and construction is a crucial factor in pro-
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ducing home-made methane. Design prin
ciples include: 
1) Methane tanks should be built adjoining 

latrines and livestock pens so that human and 
livestock excrements can flow automatically 
into the tanks. It is thus convenient for men to 
manage them, good for maintaining the 
temperature of the tanks, for improving the 
environmental sanitation, and for raising the 
amount of gas production. 

2) The shapes of methane tanks should be 
chosen so that they will be favourable to the 
fermentation of bacteria, rational in terms of 
bearing forces, of easy construction, and 
efficient in using materials. 

3) A movable lid should be installed in a 
proper position so that residue can be 
removed and the remaining gas can be let out. 
And, it can be used as a safety valve when the 
gas conduit is blocked up. 

4) The pipe for introducing material, which 
is generally straight, inserted at a slant from 
the latrine or livestock pen into the fermenting 
chamber. There should be open ground 
around the inlet to the pipe so that it will be 
convenient for preparing the feeding material 
and for discharging it into the fermenting 
chamber. 

5) The chamber for removing residue should 
be built in the middle part of the tank in order 
to draw in the liquid from the middle of the 
fermenting chamber. It is good for parasites to 
deposit there. A cover must be put on the top 
of the chamber for removal of residue to 
prevent men and livestock from falling into 
the tank. And it is also helpful in maintaining 
environmental hygiene. The determination of 
the volume of the methane tank depends on 
the amount of methane consumed for cooking 
and lighting every day. Generally one person 
consumes about 0.25-0.3 cubic meters of gas a 
day. The amount of methane produced is 
influenced by the raw materials used for 
fermentation, the temperature, and the tech
nological conditions. One cubic meter of 
liquid material produces around 0.15-0.3 cubic 
meters of methane per day. 

If, for example, we suppose the standard 
consumption of a man is 0.25 cubic meters per 
day, a family with four persons will consume 
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0.25 x 4 = 1.0 cubic-meter/day of methane 
gas. If the production rate of methane from 
one cubic meter effective volume is 0.15 cubic 
meter per day, then the effective volume of 
the tank should be 0.10 -;- 0.15 or 6.67 cubic 
meters. The volume of the liquid material is 85 
per cent of the total volume of the hydraulic 
pressure methane tank. Thus, the volume of 
the methane tank should be 6.67 -;- 0.85 or 
7.85 cubic meters, or roughly 8 cubic meters. 

There are many types of methane tanks. Two 
types can be categorized according to their 
positions: one is on the ground, and the other 
is underground. Another type depends upon 
the fermentation temperature: high, medium, 
and low (natural) temperatures. Still others 
reflect the methods for storing gas: hydraulic 
pressure, or separate floating cover. In this 
article, we shall focus especially upon the 
underground, natural temperature, hydraulic 
pressure and separate floating cover types of 
methane tanks. 
1) Hydraulic pressure methane-generating
tank: The hydraulic pressure methane
generating-tank (fig. 1) is composed of five 
units: feeding pipe, fermenting room, gas 
storing chamber, residue removing chamber, 
and gas transporting pipe. Material for fer
mentation is discharged into the fermenting 
chamber from the feeding pipe. Since the 
feeding pipe, fermenting chamber and residue 
removing chamber are connected as a whole, 
the liquid material in these three are at the 
same level after the feeding material is fed in. 
When the gas conduit is closed, the fer
menting material is decomposed and methane 
gas is produced. As the methane gradually 
increases, it goes up into the gas storing 
chamber, and the pressure also increases. As a 
result, the liquid level in the fermenting 
chamber goes down, while the liquid levels in 
the feeding pipe and residue removing 
chamber go up, and the volume of the gas 
storage chamber thus becomes enlarged. If 
the gas conduit is open, the methane gas is 
consumed continuously, and the pressure on 
the liquid surface of the fermenting chamber 
decreases. Under atmospheric pressure, the 
liquid surfaces of the feeding pipe and residue 
removing chamber go down while the liquid 
surface of the fermenting chamber goes up, 
and the volume of the gas storage chamber 
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Fig. 1 Hydraulic pressure methane-generating tank. 

1 Fermenting chamber 
2. Gas store chamber 
3 Feeding pipe 
4 Residue removing chamber 
5. Floating cover 

Drawing: J G Zhang, M L Zheng, S Z. Lin, G Z Zhao, G W. Li 

decreases correspondingly. In this type of 
methane generating tank, the gas pressure is 
regulated through the rise or fall of the 
connected implements. Thus, the name 
hydraulic pressure methane-generating tank. 

The hydraulic pressure methane-generating 
tank is the most popular type of tank in our 
rural areas. The advantages are that its 
structure is simple, its construction not very 
difficult, the initial cost is low, and it is easy to 
use. One drawback still to overcome is that 
both the fermenting chamber and gas storage 
chamber are built in the same tank. The 
pressure in the tank is rather high, and 
unstable. When methane gas is produced, part 
of the fermenting raw material is pressed into 
the water box, so that part of the methane gas 
cannot be collected, thereby causing a 
decrease in the production of methane gas. 
Meanwhile since the methane gas pressure is 
rather high in the fermenting chamber (usually 
around 80-100 em of water-head), gas leakage 
in the tank body is easily caused and methane 
gas production drops. 

The shapes of methane tank structures depend 
on the material used in constructing them. At 
present the materials used are concrete, brick, 
and stone; hence a round, a spherical or an 
ellipsoidal shape is often adopted. 

2) The structure of round-methane generating 
tanks (Fig. 1 & Fig. 2) -is a rational one, and its 
carrying capacity is good. The body of this 

type of tank is spherical; the cover is a 
spherical segment, and the wall, the cylinder, 
and the bottom, are reversed spherical 
segments. Its wall is usually low, about 0.6-1.0 
meter high; thus, the fermenting area and gas 
storage volume are enlarged, which is bene
ficial to the methane production (raising the 
production 14-19 per cent). Since the total 
height is reduced, the depth for excavation is 
reduced accordingly, and the tank can easily 
avoid underground water. (Fig. 1 and Fig. 2) 

3) The structure of the positive spherical 
methane tank (Fig. 3) is also simple and 
rational. It can carry forces evenly. It adapts to 
external forces from every direction. It 
occupies little area, needs little material and 
has low initial cost. Its adaptability is exten
sive. It can be built in coastal districts, or the 
districts with a network of waterways and soft 
soil, or the districts where the underground 
water level is high. The construction of it is 
simple, and it is easy to keep it from leaking 
water and gas. Its shortcomings are that only 
one kind of material, that is, only mark 150 
concrete, and not other fragile materials can 
be used. It must be cast on site. (Fig. 3) 

4) The shape of the ellipsoidal tank (Fig. 4) is 
quite scientific. The wholeness of the tank is 
characteristic of it. It forms a balanced system 
of space. The area of the tank's bottom is 
large, which aids in raising the amount of gas 
production and thereby limit the fluctuation of 

Fig 2 Round methane-generating tank. 

Drawing' J G Zhang, M L. Zheng, S Z 
Lin, G Z Zhao, G W. Li. 

gas pressure to a rather narrow range. This is 
favourable for the fermentation and the 
utilization of methane. And, on a large scale, 
it can overcome the shGrtcomings of unstable 
pressure in the hydraulic pressure methane 
tank. It is suitable for construction on any kind 
of foundation. It can be made by the assembly 
of parts, which is helpful in developing 
standardization and prefabrication. In order to 
build such a tank, the standard mark of 
concrete should not be lower than 200. 

Let us examine the calculation of the structure 
in a round methane-generating tank for 
example. Such a tank is composed of a tank 
cover, a tank wall and a bottom receptacle. 

The structure of the support and basic 
assumptions for its calculation follow. There 
are two types of the structure for supporting 
the spheroidal segment tank cover. The type 
shown in the illustration (Fig. 5) is that of a 
cover supported by a reinforced concrete ring 
beam. Large methane-generating tanks are 
usually built in this way. Small methane
generating tanks (Fig. 6) are usually con
structed with the support of the cover distri
buting the forces in a way that the horizontal 
component of force is transmitted from the 
ring beam of plain concrete through the 
ring-shaped supporting pier of gravel concrete 
(or cement and rocks) sidewise to the foun
dation. No special measurements are made 
between the tank wall and the tank cover in 



the above-mentioned methods, so there is no 
bending moment constraint. Therefore, with a 
uniformly distributed load along the inside and 
outside axes of the tank, the calculations are 
done according to the following assumptions. 

According to its edge condition, the cover is a 
spheroidal segment-shaped shell with hinge 
joints. One should employ non-moment 
theory to calculate the diametral and circular 
internal forces of the different parts of the 
spheroidal shell. The edge structure of the 
cover shell (or ring beam) has only circular 
internal forces. The diametral and circular 
internal forces of the cover shell vary with the 
proportionality of the height vector and the 
inner diameter, as well as with the direction of 
the load. It must be noted that fragile 
materials should not be used to make tank 
covers. And since no tensile force should 
occur on the cover shell, the proportionality ot 
the height vector and the inner diameter must 
be kept less than 1:4.15. 

With regard to cylindrical tank wails, one 
should assume that both ends of the cylindrical 
shell are hinge joints, and calculations should 
be worked out by employing the theory of 
moment. Calculations for the spheroidal 
segment shaped tank bottom are the same as 
those for the tank cover. 

At first the values of the internal force under 
each single load should be worked out, and 
then add them together. It must be noted that 
full loading (ail kinds of loads work simul
taneously) is not necessarily the most dis
advantageous combination. For example, the 
most disadvantageous combination of the tank 
cover only occurs when the tank is empty. But 
in normal methane gas production, the result 
of addition of the internal force values has an 
effect of unloading, because the direction of 
the pressure of methane gas is the reverse of 
that of the vertical external load. 

During the period of construction for the tank 
wail, and before the strength reaches the 
required mark, a check must be made 
according to the actual mark. The tamped 
backfill pre-stressing force (take 200 kg/m' for 
calculation) is employed as its load. 

The period of operation consists of adding the 
side pressure caused by the ground live load 
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KEY 
1. Fermenting room 
2. Gas storing chamber 
3 Water storing (feeding) chamber 
4 Residue removing chamber 
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Fig. 3 Spheriodal methane-generating 
tank. 

Drawing. J.G Zhang, M.L. Zheng, S Z 
Lin, G Z. Zhao, G. W Li. 

KEY 
1 Fermenting room 
2 Gas chamber 
3 Feeding inlet 
4 Residue removing chamber 
5 Floating cover 

Fig 4. Ellipsoidal methane-generating 
tank. 

Drawing·J.G Zhang, M.L. Zheng, S Z. 
Lin, G Z. Zhao, G. W. Li 

KEY' 
1 Spheroidal segment shaped tank cover 
2 Reinforced concrete ring bean 
3. Tank wall 

Fig. 5. One of the structures of tank cover 
support. 

Drawing:J.G. Zhang, M L Zheng, S Z 
Lin, G.Z. Zhao, G W. Li 

KEY 
1 Spheroidal segment shapped tank cover 
2 Reinforced concrete ring beam 
3 Tank wall 
4. Cement paste levelling layer 
5 Gravel concrete 
6. Earth 
7. Refilled rammed earth 

Fig 6 Another structure of tank 
cover-support 

Drawing J G. Zhang, M.L Zheng, S.Z 
Lin, G Z Zhao, G W. Li 
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then the sum of the soil pressures above and 
under the ground water level, and the static 
head of the groundwater (when the tank is 
empty). 

A foundation reaction force on the tank 
bottom is caused by the dead load of the tank 
body, the covering soil and the live load of the 
ground. 

In order to save construction material and 
reduce the initial cost, we do not take into 
account while calculating the internal force of 
the tank wall, the liquid material pressure and 
methane gas pressure, nor the condition of no 
soil around the tank body. Thus it is required 
that the tank wall be constructed directly 
against the side of the excavation when built 
on a site with good quality soil, whereas the 
soil around the tank wall should be well 
tamped when built on a site with bad quality 
soil. The purpose of tamping is that during the 
operational period of the methane tank, the 
lateral pressure produced by the material and 
the methane gas will be absorbed by the soil 
outside, instead of the wall itself. According to 
this assumption, if we were to design a round 
methane tank with a volume of 8 cubic 

4 

KEY: 
1. Feeding pipe 6 Floating cover axis 
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meters, of2 7 meters in diameter and a wall 
thickness of 4.5 centimeters, we would use 1.5 
cubic meters concrete with No. 150 cement 
only. Now if we use the traditional method of 
designing the above tank, not only would we 
make the wall thickness 8 centimetres, but also 
we would have to use reinforced concrete. 
The cost of making a tank would be greatly 
increased in this way. In our experience, the 
above assumptions were quite successful in 
making methane tanks in the Chinese 
countryside. 

5) Separate "floating cover" methane
generating tank. The gas pressure within the 
hydraulic methane-generating tank varies 
greatly which easily causes leakage and has an 
effect on gas production. In order to over
come this disadvantage, the workers of 
methane production in our country have 
assimilated the advantages of the floating 
cover by the Gobar Gas Plant in India, and 
have successfully made the separate "floating 
cover" methane-generating tank through 
experimentation. This type of methane
generating tank is composed of a fermenting 
chamber, a feeding pipe, an overflow 

2 Fermenting room 
3. Overflow chamber 
4 Gaspipe 

7. Floating cover of gas storing room 
8 Water and gas separating bottle 
9 Pipe to stove 

5. Support 

Fig 7. Separating floating cover type methane tank 

Drawing J G Zhang, M L Zheng, S Z Lin, G Z Zhao, G W Li 

chamber, and a floating cover of the gas 
storing room (Fig. 7). As can be seen from the 
illustration, the fermenting room and storing 
room cover are built separately. This type of 
methane tank not only maintains the principal 
characteristics of the hydraulic pressure 
methane-generating tank, but also draws 
advantages from the separate gas storage of 
the "floating cover" methane-generating tank. 

It has been proved through practice that the 
separate "floating cover" methane-generating 
tank can produce as well as store methane gas 
under conditions of low pressure and stable 
pressure. The level of the fermenting liquid 
remains stable, and its daily production of 
methane gas can be raised to about 30 per cent 
more than that of the hydraulic pressure 
methane-generating tank. Due to the 
adoption of the separate gas storage device, 
the volume of feeding material contained in 
the fermenting room is raised from 85 per cent 
of the hydraulic pressure methane-generating 
tank to 95 per cent. Therefore, if the same 
amount of fermenting material is introduced, 
the volume of the tank can be reduced about 
10 per cent. Since the fermenting liquid will 

KEY 
1 Design diagram of tank cover 
2 Insulation laye! 
3 Rammed, smoothed, painted with mould 

release agent 
4 Tank wall channel 

Fig 8 Excavating the earth and casting a mould 
on site 

Drawing J G Zhang, M L Zheng, S Z Lin, 
G Z Zhao, G W. Li. 



not be forced into the hydraulic pressure 
chamber during the gas producting period, the 
loss of this part of the methane gas is avoided, 
and the utilization of fermenting raw material 
is raised. Moreover, since the methane tank is 
kept under low pressure (about 20 centimetres 
water head), it is obvious that leakage of the 
tank body is eliminated considerably. It is 
advisable to convert unusable (due to leaking) 
hydraulic pressure methane-generating tanks 
into separate "floating cover" methane
generating tanks in order to reduce the 
pressure within the tank to make them work 
again (Fig 7). 

The shapes and the calculation of the structure 
are as follows: 

The fermenting room of the "floating cover" 
tank is the same as that of the hydraulic 
pressure methane-generating tank. It can be 
built in a round shape, spheroidal shape or 
ellipsoidal shape. At present, the type of tank 
that is widespread in Zhejiang province is a 
kind of round tank which consists of a 
spheroidal segment tank cover, a cylindrical 
tank wall and a reversed spheroidal segment 
tank bottom. 

The shape of the floating cover for gas storage 
is cylindrical. The cover top is a spheroidal 
segment. The volume of the floating cover is 
14 per cent of that of the fermenting room. 
The pressure of the gas storage floating cover 
is calculated as 20 centimetres water head. 
The gas storage floating cover, a floating 
body, goes up and down vertically in the liquid 
in accordance with the changes in gas storage 
or gas consumption. Therefore, while calcu
lating the weight of the concrete floating 
cover, we must take the buoyancy into con
sideration. We assumed that one-half of the 
floating cover is above the surface of the 
water. 
The calculation for the outer chamber of the 
floating cover is done under the assumption 
that it is a cylindrical shell with the upper and 
free and a jointed hinge at the lower end. 

The technology of construction for this type of 
tank involves several alternatives. One of 
these consists of the whole body being poured 
on site. There are two methods for the 
construction of this structure: one is by 
excavating the earth and casting a mould on 
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site (Fig. 8); the other is open excavating and 
casting-on-site. Earth excavation and casting a 
mould on site is done by taking the earth from 
the place where the tank wall will be formed 
(following the designs) and smoothing the 
sides, and then making an earth mould for the 
tank cover, which is painted with mould 
release agent; and finally, the concrete of the 
tank wall and tank cover are rammed con
tinuously. No construction joint gap is needed. 
When the strength of the concrete reaches 70 
per cent, the earth inside the tank is to be 
removed through the movable cover. The last 
steps are to pour the tank bottom and ram it 
well, and to seal the inside of the tank 
carefully. 

Open excavation and casting on site entails the 
following: according to the designs, after the 
earth of the place where the methane tank will 
be built is excavated, the concrete of the tank 
bottom is poured first, and then the tank wall 
and tank cover. The tank wall may be cast 
with an earth mould, but the inner wall is, in 
general, cast with a moulding board of steel, 
wood or bricks. All parts of concrete should 
be rammed continuously, uniformly, symme
trically from bottom upwards to the top to 
make the ingredients proper. The outer 
surface of the cover is rolled smooth by 
compressing the original concrete repeatedly. 

The tank built with blocks is a second possi
bility. When excavating the pit, the sides of 
the excavated pit should be kept vertical, 
without any slope. If the quality of the soil is 
not very good, enough space must be left 
while excavation is being done for ramming, 
each side with a width of no less than 150 
millimetres. 

When the tank wall is being laid, the inner 
ends of the blocks should be put together 
tightly, and the gaps between the outer ends 
of the blocks should be sealed up with mortar. 
The lines of block joints must be strictly 
horizontal, and the verticals straight. The 
mortar to be filled into the block joints must 
be saturated The key point in the laying of 
the tank with blocks is that the soil filling at 
the back of the tank wall must be well 
rammed. It is necessary that the laying of the 
block wall and the infilling should be carried 
on alternately. The water content of the infill 
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soil should be around 20-25 per cent. About 
30 per cent of crushed stones and bricks can be 
mixed into the infill soil. The infill soil should 
be rammed layer after layer, symmetrically 
and evenly so that it may work as a band of 
the tank. It is just like giving the tank wall a 
prestress, which can unload discharge while 
the methane tank is working. 

In laying the tank cover, the concrete ring 
beam around the edge should be built first. 
When the concrete ring beam hardens to a 
certain degree, the infill must be rammed in 
time, and the block footing beam must be 
installed. It is better to employ the method of 
laying the arch without centering to build the 
tank cover. The blocks must be of regular 
shape. During construction, curvature radius 
rod or string must be used to keep the arch in 
position. The block joints in the shell should 
be saturated with mortar, and tightened with 
flat gravel to keep the whole tank stable. After 
the body of the shell is completed, a layer of 
cement paste should be plastered over the 
shell surface. When the paste shrinks, fill with 
earth and tamp it well. 

The procedure for sealing the methane tank is 
as follows: Clean the plastered surface and 
mortar joints. Mend the cracks with cement 
paste. Then plaster the inside of the tank with 
cement paste thoroughly once again. 

A cement paste of 1:3.5 (by weight) is used for 
the base coating of the tank cover, the cast in 
place tank wall above the feeding pipe, and 
the residue removing pipe. If the tank is built 
of blocks or bricks, the whole tank wall should 
be plastered. The base coating is about 5 
millimetres thick. A mixture of cement paste 
of 1:3 is used for the middle coating of only 
the inner surface of the tank cover. The 
thickness is about 5 millimetres. Finally, all the 
inner surface of the tank must be plastered 
with 5 millimetres thick of cement paste of 
1:2.5. 

The plastering work must be done conti
nuously. The base coating and middle coating 
must be pressed compactly. And the surface 
coating must be pressed flat and smooth 
without any sand on it after repeated pressing. 
Then the cement paste (mixed with an 
aqueous solution of chlorous iron) must be 
applied twice or three times. The tanks of 
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higher requirements can be plastered with 
melted paraffine wax and then baked with a 
blowtorch so as to let the paraffine liquid 
permeate the capillaries of the plastered layer. 

When the tank body is completed, it must be 
put to the test in order to check whether there 
is any leakage of gas or water. The test can be 
done by employing the method of air 
pressure. The process is as follows: First, the 
feeding and residue-removing openings, and 
the movable cover must be sealed with clay, 
and then the cover is sealed with water. Fix an 
air pressure meter and turn off the switch of 
the gas transporting pipe. Fill the tank with air 
by means of an air pump. When the water 
column of the air pressure meter reaches 
300-400 millimetres, stop filling the air. If the 
water column goes down to around 20 milli
metres after 2-3 hours, the tank can be 
considered to be quaIified. 

The Principles for Accommodating Methane 
Tanks 

The building of methane-generating tanks in 
rural areas not only provides much-needed 
domestic fuel, but also proVldes the farmland 
with excellent high efficient organic fertilizer, 
and improves the sanitary conditions of the 
environment. While designing rural housing 
and plans for villages, designers today have 
taken biomass energy into account in relation 
to mountains, water, farmland, forests roads 
and villages as a whole. 

Methane tanks should be connected to latrine 
and animal pens. In general, these should be 
positioned at the comers of the yard so as to 
reduce the pollution of the environment. Of 
course, convenience for feeding raw materials 
and removing residues must be taken into 
consideration as well. 

The plan of dwelling houses in the Jinma 
Commune (Sichuan province) is a good 
example (Fig. 9). A number ofthe roofs ofthe 
one-storey houses can be used for drying 
crops, and for cooling in the summer. Outside 
the courtyard of each house, by the road, 

there is a methane tank attached to the pigsty 
and latrine inside the courtyard. This is 
convenient for feeding the tank. The residue
removing opening is located outside the court
yard, which is convenient for carrying the 
fertilizer to the fields. 

As well seen from the three above-mentioned 
types of dwelling, construction of housing 
projects in rural neighbourhoods should be 
arranged in rows facing south. Two rows form 
a group with their backyards standing side by 
side. The pigsties, latrines and the methane 
tanks are positioned between the two yards 
with a path leading to the fields for sending 
fertilizer. Straw, firewood or other various 
household supplies can be stored in the 
backyard. In order to change the stereotype 
arrangement of rows, it would be advisable, in 
the author's opinion, to build a central 
methane-generating tank with proper 
pressure. It would unify the gas supply in 
order to improve the environmental sanitary 
conditions. And it would also be advisable to 
combine the advantages of the row-type and 
courtyard-type housing in order to have more 
flexibility of arrangement. 

Fig. 10 - The plan ofthe newly built 
one-storey dwelling-houses of Wangzhong 
Brigade in Henan Province. Every house is 
built with two units; every unit is for two 
households with two rooms for one, and three 
rooms for the other. Every unit has a 
courtyard with a latrine and pigsty built 
together. One or two methane tanks can be 
built outside each courtyard. Human and 
animal wastes can be discharged directly into 
the tank from inside the courtyard. 

Fig. 11 - The plan of the two-storey 
dwelling-houses of Mashe Production Brigade, 
Hubei Province. Behind each house, there is 
an inner courtyard with a pigsty and a latrine 
built against the wall of the yard. Below them 
is the methane-generating tank. It is very 
convenient to use and manage the tank. 
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Conclusion 

Although we have obtained considerable 
experience in the building methane-generating 
tanks, there remain numerous problems to be 
investigated. Among these are: the replacing 
of fragile materials with new ones; the intro
duction of flexible as opposed to rigid sealers; 
the standardization of methane-generating 
tank designs and the prefabrication of con
stituent parts of these; and, the utilization of 
solar energy to promote fermentation and 
thereby increase the production of methane. 
We earnestly desire exchanges of experience 
with other specialists in the field of methane 
production in order that people all over the 
world may benefit from our joint research. 
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