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Biogas is a mixturs of gases with methane as its zmain
content. According *o the analysis and measurememts made Ty
Caengdu Institute of Chemistry, icademia Sinica, of &4 biogas
digesters in six counties in Sichuan Province, biogas conmtains
61.9% of methane and 35.77% of carbon dioxide with very small
percentages of nitrogen, sulfurated hydrogen etc.

Methane is transparent, smell-lsss and tasteless, but

biogas smells of garlic or rotten eggs. Complete combustion of
1 cubic meter of biogas generates 5,500 to £,500 kilo-calories
of heat, which :s enough t0 run a one hcrse—-power intermal
combustion emngine for two hours, or generate 1.25 kilowatl
hours of electricity, or produce 5.2 kilograms of carbon
tetrachloride, One cubic meter of biogas is equivalert <o

0.4 kilograms of diesel oil. 0.5 kilogram of petrol or

0.8 kilograms oi standard coal.

3oth the physical properties and cheaical composition
of biogas indicate that it is not only a good fuel, but also
an important chemical raw material.

Biogas is an inexhaustible energy source., Solar energy
stored in plants by Light synthesis process is converted
irto biogas energy through the action of bacteria; and,
therefore, this bio-energy - biogas will always exist so

long as the sun exists,

The raw materials for artificial production of biogas are
organic matiers such as hrman and animal excreaments, stalks,
weeds, leaves, garbage, seiage etc., As these materials are
to be found almost everywhere, they can be collected and
fermented locally. ZRecently, peasants ir Sichuan Province
have Teen growing more and more water hyacinths(pistia stratiotes L.).
This fast-growing, nigh-yield plant is not anly a good forage,
but also a good raw material for oiogas fermentation,
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#her. used as a fuel, biogas produces =0 ash, no smell, nc poison
and no hazarvis or pollution.

Therefore, biogas is an inexhaustible, cheap and clean energy source.

Biogas is artificially made by allowing anaerobic methane-producing
bacteria to decompose the fermenting raw materials under a tightly-sealed
environment. Raw materials for fermentation should meet certain
specifications wita regard to their carbon-nitrogen ratio, concemtratior,
t emparsture, acidity and alkalinity.

1. Carbon-nitrogen ratioc

Carbon and nitrcgen are the major mutriemts for anaerobes, which
fead on carbon 25 to 30 times more quickly than on nitrogen. Gemerally,
fresh cow dung, sheep mamure and human excrements have good carbon-niirogen
ratios (See Tables 1 and 2),

2. Concentration

The most suitable dry matter concemtration of a raw material is
7-9% (See Table 3).
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Table 4 Ca.rbon—Nitrogen Ratics of Mest-Used Raw Materials
for Bio-Gas Fermentation ( Approximate Values) .

‘ Carbon weight | mitrogen weight | carbon-ritrogen

materials pmcntage (%) | perentage (%) ratio
dry wheat straw 46 0,53 87:1
dry rice straw 42 0,63 67:1
maize stadks 40 0.75 2
folen: leanes 41 | 1eo Al
Soa, bean stadks 41 I /.30 32:/
weeds 14 054 27:/
pea-nit stents & leaves /1 059 19:/
fresh sheep ntanure 16 ; | .55 27 2/
fresh cow dung 7.3 | 0-29 25+
fresh herse manure [0 ‘ Ci42 24:/
fresh pig masuure 7-8 0.65 13:/
fresh human wastes 2.5 0.85 29:/
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Table 2 Bio-Gas Yield of Several Kaw Materials
for Fermentation

amount of bio-gas methane

- materials generated, by 4t of confent

! ey mallers  (md) (%)

‘ barnyard mapue 260 —280 50 —60

T pig marure 561
horse. wanure % 200 — 300
green grass ' 630 70 |
Hax stem ' 359 i
o s | 432 s

tree leanes ! 206 —294. | 58 .

‘ Salrbage & mud o 640 50

; distillery Sewaqe Foo—-600 58

; CARBQIYDRATES 750 49 !

’ r auasi-fat cempounds 14.00 72 ‘
| preledn | 98¢ 50 i
‘ ! !

o
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Table 3 Water Contents of Several Bio-Gas

Raw Materials
; makerials | water conlent (%)
iL hwmam ekcrements & urine 80 | apprcxima—te(ﬁ
1* Piq manure &2
Pig urine B 96
’_ horse. manu e 76
. ordinary mhmdrie& | 36 —40
dry rice straw | —2C
|
\ oW c{u@ng Ji 83




3.lemperature

Fermentation may take place at high temperature (thermo=-
philic fermentation, 47--55 deg C), medium temperature (meso-
philic tenpersture fermentation, 35 - 38 deg C) and ambient
temperature( 15 - 35 deg C). Gas production rate may reach
approximately 250% at high tcmperature, and 150% at medium
temperature and only 15% or so at ambient temperature, The
high temperature fermentation cycle is the shortest of all,

4. Acidity and alkalinity (PH value)

The optimum PH value ranges hetween 7 sud 8, Usually
the PE value needs no adjustment because bacteria in the fer-
menting materials undergo a process of self dynamic balance
with respect to the PH value, Adjus‘'ment is necessary only
when a great quantitr of volatile acids have been accumlated
due to improper material mix and management,

The combustion of bio-gas demands a sufficient supply of
oxygen,

CHy + 202 =~=— CO2 + 2H0 + heat

Prom this chemical reaction equation we can see that the
me*thene-oxyger ratio Zs 1:2., Jxygea content in air is only
1/5'and, therefore, in terms of volume, complete combustion of
one part of methane needs 10 parts of air, Since bio-gas
containsbd - 70% ot methane, complate comtustion of one part
of bio-gas reeds only 6 - 7 parts of air.

According to current data, biogas can be used for the fol-
lowing purposes,

1. Cooking ard lighting
Ir China, ambient temperature fermentation is at present



the most popular way to make biogas. There are alicgether more than seven
millior home biogas digesters in Chira's rural areas. The average gas
production rate is 15%., Generally, the capacity of a digester is devermined
in design by the size of a family, There are four size ratings for home
biogas digesters “n China, namely, 6, 8, 10 and 12 cubic meters. 4

family of five people consumes about | cubic meter of biogas for cooking the
three meals of a day. To produce this amount of biogas, a digester of

8 cubic meters should be egtablished and 100 - 150 kg of Pigs should GSe

kept in stable to provide raw mat:crials for fermentation., When raw materials
for fermentation are abundant, a bigger digester or separate digesters may
be built so as to increase gas yield and meet the various demands of

a peasant family. Two digesters of 5 cubic meters each are more efficient than
one digester of 10 cubic meters because ges production rate increases in
proportion with the fermentaiion area, In addition, it is easier %o stir
the materials in the i{wo separate digesters and consumption of biogas

will not ve hindered during change of materials, maintemance and repair.

The role which the biogas can play for cooking depemds on the heat
efficiency of the stove, At presemt the heat efficiexcy of the dest
stove in China exceeds 50%. When we use good stoves such as the Nanting
County*'s Type double and single~fire stoves, it <akes 15 - 20 minutes and
61 litres of zas to boil 2,5 kg of water from 18 - 19 deg C t0 98 ceg C at a

room temperature of 19 deg C.

"he pio-gas lamp is composed of a bio-gas intake, an air
intake, an air govermor, u mixing channel, a fire-proof earth
blgck and a mantle, When the difference between bio-gas pressure
aul water column is above 80 cm, the gas jet is strong and
illumination is good, When the pressure difference is under
40 cm, poor illlumination results. One cubic meter of big-

823 can light a bio-gas lamp 1or 6 hours, with the brigntness
of a 60 - 100 watt electric lamp.




2.;Mi;1-fuel internal combustion engines for farm uses

Techniqres to convert diesel engines into bio-gas-diesel
dual-fuel engines are as follows, ZXeep the fuel system of the
original engine, Install a flammable gas (pio=-gas)~-air mixer
between the air-filter and the intake of the diesel engine,
Both direet intake mixer and e¢ross pipe mixer are widely used
now in Sichuan Province, 70 - 90 % or diesel oil can be saved
aft2x conversion. According to the report made by tte Sicauan
Institute of Agricultural Machinery in October, 1979, tests
on Type 1105 engines (separate chamber) show a 1:sult of
15 g/hp-br of liquid fuel., The test results of Type S1395
(narrow path swirl combustion chamber) and Type 175 (pre-
compustion chamber) also show a substantial saving of liquid
ruel,

Tatle 4

Data indicate that sulfurated hydrogen content is 300 - 700
mg/m’ in natural gas and 50 - 300 mg/m? in pio-gas in Sichuan
Province, Tha Sichuan Institute of Agriculiural Machinery

conducted a test om a dual-fuel engine (with an installed power
or 20 ap) in Lughou, Sichnan, between September 4th and December
ath, 1975, using a natural gas with a high sulfurated hydrogen
content of 740 mg/m’, After ruaning for 1500 hours, the engine
wag dismantled, The engirne parts were quite intact on the whole
except ¢ for onme or two pieces such as the 40 Cra:r valve and
the copper cylinaer liner, which were corroded substantially.
As a matter of fact, some bio-gas -diesel engines have already
been in operation for more than 3000 hours witiout any obvious
early wear or serious corrcsion. These facts have indicated
that sulturated hydrogen coatained in pio-gus does not have

a substantial impact during the long perind or engine operatiocn.

The above-mentioned conversion t2chnique using a flammable
Zas-air mixer has the following aavantages: no destruction
of the original engine structure, no degradation of the original
engine performances, simple and easy conversion, very low cost
(RMB <O yuan or so), and the capaoility or burning either gas-
¢il mixture or diesel alone,




The bio-gas aiesel.dual oil engine can te used for pumping,
power generating, rice zusking, wheat milling and breeking of
by-products etc, with a big saving or farming cost. Zor every
horse~power oI a dual-tuel engine, gas coansumption is 0.45 m3/hr.
By the end or 1979, there were already 514 qual-fuel engine
stations in the whole or Sicmuan Province, with a total capacity
ot 5,542 hp. In the droughty year of 1976, the second
prodution team of the Yongle origade of the Jinggpian Commune
in Quxian County in Sichunan used a Type 1105 dual-fuel engine
for irrigation ot up to 11 hectares of land. Their engine
was 1in operation ror 200 bours, pumping more taan 45,0C0 cubic
meters oY water, The,y; had a total rice yeild of more than 50
tons, an increase of 23 % as against that ofr the previous
year, Between July and Decemper, 1978, the sth proauction
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Table 6  Operation Details Of Type 1105 Bio-Gas Diesel Enqgine.

) | [ | diesel consamed| ]
: . Workinc}' combastion o [in combustion diese| saved
vlems Funning howrs load (kﬂ) diese! alone | of qas-diesel
ckg) migture  ckq) ckq)
PrOC&SSi'ICB ] . ar
wohusked rice 406 99023 974.40 224.15 /50825
fr::h""ﬂ |74 123165 | 435.00 232,40 20260
0 Q'- ) e em PN ST &
PmFQSSin(} 64 7610 153,60 38.40 /15020
mazg |
tatal 044 118949.5 | 1563.00 844,95 Jolg.of
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veam of the 8th prigade of the Xiangyang Commune in Naeanchong,
>ichuan, used an 5195 dual-fuel engine for husking rice, mill-
ing wneat and breaking foader. They consumed 115 kg of oil but
earned 998.78 yuan and ous oY every 100 yuan of their income
they too0k 8 yuan to pay for the o0il they nad comnsumed., L1n
contrasit, I0or the three neighnouring erigades who used the saue
type of engines out only with diesel, they haa to take 40 - 45
yuau out of every 100 yuan of their income to pay for the oil.

Tables 5 and 6 show from an economic point or view the va-
rious operutional aspects of the two *ypes of engines used by
the 11.h production veam or the Tongle Brigaae of the Dragon
Pona Comrmne in the outskirts of Cnengdu, Sichuan,

Hecently, the Hongxian County Distilieryhas succeeded 1n driving
their trucks vy pure compustion of bio-gas compressed into oxygen
cylinaers, These trucks have been used to carry the more than
100 tons of wastes from a 2000 m’ digester to the courtryside
as fertilizer, One cubic meter of bpio-gas is enough to drive
e conventional truck s kilome<ers. The distiilerypnas four iruck

in

to do the job, Daily bio-gas consumption is 60 m3 tor each
truck and 240 m? for the four trucks, which cover a tctal ais-
tance ot 720 kilometers everyday. 48.6 tons of petrol or 36455
yuan can be saved in = year,

3, Generating Electricity

3y the exd of 1972, there were 301 small tiogas power
stations with a total capacity ot 1494 kilowatts in Sichuan
Province, Usirg the electricity genmerated with bio~-ges for
lignting is easier and more economical than cirec:ly using
tio-gas ror the purpose(in terms of gas consumption). The
electricity generated with 0,75 m’ or bio-gas can light 25
40-watt lamps for one hour while the same amount of pio-gas
can only light 7 bio~-gas lamps for onme hour by direct buining.




The researzh personnel of the Sichuan Institute of igricul-
sural Macainery has converteda a Type JO¢ asynciaronous moior
into a small-capacity asyncaronous generator as a stop-gap
equipment to meet the rural demands ror bio-gas power generatiion
tor lighting. This particular kina or asynchronous gegnerator
is known as Type CYF zenerator (with rour power ratings: J,

4, 5.5 and 7.5 kw) and can pe conrigured with Tyoe 175 (5mp;, 180
(Thp), 1105 (10 hp) and S195 (i2hp) duali-fuel engines respect-
ively. After 500 nours' producticn test and perrormances mea-
surement, this asynchronous generator has been found having
the following advantages.

(1) Simple structure. The geaerator has no trield commutator
or brushes such as found on a synchronous generator and there-
tore there will be fewer faults.

(2) No need for short cirecuit protection. Voltage drcps
as soon as shorting occurs, The shorting current is also less
than in a synchronous gererator.

(3) Low cost. +g cost is only half or even a taird or
that or a synchronous generator.

(4) Lt is oest suited for a production tveam with 30 to
100 householas.

The Chengxiang Brigade of the Benniu Commune in wujin County,
Jisngsu frovince,has puilt a 1200 m’ o10-gas aigester, They

-~
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use bio-gas tc drive a 75 hp aiesel engine geared to a 40 &=
generating set, which has greatly enhanced tae development of
their industry and sideline productiuvn, The origade is currently
running a distiileryand a brick ziln, Income from running industry
and sidelines comstitutes more than 50 % of the Drigade,s total.
inccme.

The norticultural tarm in Deyang County, Sichuan, has built
a bio~gas power station using cow dung as raw materials, which
xenerates half of the electricity nmeeded for production and
lighting on the farm ( nhaving more than <00 workers and 0./
heciares of lana). The farm has temefited much through econcmics
from bio-gas.

The Hongxian Countydistiliery in Sichuan uses distiller's
grains to produce bio-gas in a 20CC m-’ digester employing high
temperature Iermentation technology with a gas production rase
or 100 % (without any stirring faciiities)., Their bio-gas power
station now has an installed capacity of 120 kw, whizh, accord-
ing to their plan, will reach 415 kw by the end of this year.
This power statioa nas already been combined into the state-
owned power network, It is estimated that in two or three
years' time all the nvestment can be recouped.

Small bio-gas power stations can be run in the countryside
/ with little investment and quick results., They will not be
intluenced by shortage of water or droughts, When there are
100,C0C small bio-gas power statiomns of 7.5 kw (12 hp) across
the country, the total eleciricity - generated will ve
el=venhunared million kw-nr, which is the eyuivulent ot the power
generated by two Sanmen Gorge-sized nhydropower stations,

4, Urying farm produce and xiln-arying tiles
in places where fuel is both lacking and expensiye and in
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wet seasons, 0io-gas can oce used t0 dry rarm proquce so :iat
they will not go mouldy or rotten, and at the same time, fuel,

manpower acd money can ove saveq,

The uxian County in Sichuan grows an abunasnce ot day lilies.
The harvest time nappens to be in the rainy season. ¥her dried
by ourning wooqa in the pust, day lilies were smcked aad polluted
py carbon 1ons, 2fter such treatment, aay lilies lost their
lustre and oily smoothness aund some even lookea turat, aence
the quality deterioruteda. The 5tn proauctiun team of the 6th
brigade of the Pingxi Commmne ir Quxian County has a 36 m°
baking house with a ceiling height of 2,7 m, using bio-gas from
a 160 m3 digester, Inaide the hocuse the temperature is kept
at 50 deg C or so.There are 7 parallel baking shelves, on which
150 = 250 kg of day lilies can be dried everyday. ¥:ih such
a baking facility the team can earm 755 yuan extra every year,

In 1976, Pengyang County in Anbmui Province and Ziyang County
in Sichuan Proviace etc. succeeded in ucing bio-g.s to flue-
cure tobacco., Bio-gas has the following advantages in this
application: (1) Coal and charcoal can be saved and cost reduced.
On the average, every kang (heatable bed) yields 125 kg of dzxy
tobacco. As it takes 2.5 kg orf coal to cure 1 kg of tobacco
each kang sgves 312.,5 kg of coal, (2) Generally, totacco can
be cured to one grade higher in quality due to the uaiform
distribution, repid rise and flexible regulation of the kang
temperature. (3) Manpower can be saved. ¥hen bio-gas is used
to cure tobacco, there will be no need for anyone to }ook
after the fire, 3y using biogas *o cure S5 %tons of tosvacco, more
than 20C mar-days can be saved that would otherwise be spent
in sransporting coal and :n tuilding and heating <he kang.

(4) The tecanology of controlling fire and air temperature

wita switiches i3 easy to master and fairly safe. (5) The struc-
ture of tke xang nouse can te 3implified, Chimneys, ridges and
furnace chambers can be dispensed with, 3Burnirg of bio-gas is
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smokeless and very clean,

Based on the same technology, bio-gas may be used for drying
rice grains and potatoes, raising silk-worms, and for growing rice
geedlings and vegetables in green-houses,

B10ogas is alsc being used more and more widely as fuel Jor far
infra-red emitter ovens. These are used as room heaiers and for water

heating for raisircg fish.

Since June 1975, the 2nd production team of the 4th brigade
and the hospital of the Taiping Commune in ¥uchuan County,
Sichuan, have conducted 14 experiments on kiln-drying tiles
with bio-gas, Each kiln houses 500 tiles. The perfection rate
of "tio-gas tiles" is 80 - 88.8 %. Kiln-drying tiles with
bio-gas has the following advantages., (1, It takes less time
then when wood or coal is used, hence iacreasing the availaoility
of a kiln by a factor of one to two., (2) Cost is reduced. W#hen
coal sand wood is used, the cost is 1.5 times gzreater than when
bio-gass is used. (3) Manpower for looking after the fire is
reduced. (4) Temperature inside the kiln is stable and tiles
are uniformly heated, thus sssuring good quality of products.
Small bio-g;s heaters for tile kilns such as these are guitable
for separate uses in the countryside where only small quantities
are needed.

5. Bio-gas is an important industrial raw material. Bio-
gas contains roughly 60 % of methene and 35 % of carpon dioxide.
both of which can serve as raw materials for the mamufaclure
0f chemical industry products., W¥hen methane reacts with
chlorine at high temperature, the hydrogen atoms in methere
are replaced by chlorine atoms., According vo thae differen<
numbers of atoms veing replaced, various cnloromethares wifln
their byproduct hydrogen chioride are formed, After conden-

gation and separation of chlorometiaane, the following products
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' are ootained, nan .ly, monocaloromethane ( major raw material

- for makxing crganic silicon, or serving as sclvent, coolent ana
sinsecticide), dichlorometnane (degreasing agent, permeatizng
agent, coolent and raw materia. for making cine-Iilms), tri-
cnlorometnane ( raw material for making polytetrafluorcethylene
plastic and antibiotic, extraciing agent, solvent

and anaesthetic) and carton tetrachloride (fire-extiinguishing
agent and raw material for making fluorine-containing plasticsy.

/)/ Methane is alsc a rew materiai for makirg acetylene, methancl,
forma.dehyde, carbon oplack, ammonia fertilizer and other
cnemical industry products, Vitamin 312 can be extracted from digested
slurry.

'In 1965, the Mazyang alcohol Distiliery in menan rrovince
buiit two digesters of 2u00u cuoic meters eacn, They used dis-
t1llers' grains as raw materials for fermentation and obtaired
a daily gas yield of 6uOU = 8uOu cubic meters., rio-gas was
pruduced wii. high temperature :ggggptation tecktnology. Zvery
cubic meter of aigester volume could disposeof 0.1 m™ of distil-
lers' grains in 24 hours. In 1970, a chemical plant was built
using bio-gas as raw material, which started production in
1972 with an annual ocutput of 700 tors of dicaloromethane and
¢30 tons of tricalorometnane, At the same t(ime, the digested
liquid after bio-gas rermentation was used as raw material for
the extraction of vitaman 812, Daily output is about one gram
of crystaline product., A4ll these chem’cal products mee? the
gpecilications defined by the State,

Carbondioxide  contained in bio-gas can ve used to make dry
Lce or as rertilizer, One cubic meter .,f carvon dioxide ig
. enough to make one xilogram of ary ice, OJry ice can %e usea :ior
arvificial rainfall and 0.3} sons of dry ice can cause 3 rainfall of
> am 39 cover an area of 20 squeare xilometers, OJry ice can de used 2130 23

imperzant maw material Jor manufcaturing safe 2xplosives. I8 is also




a good coolent, wpich <ransicrms ITom so0lid directly 1ntd 328, Zi7ing =
cooling capability +hree times greater than ordirary ice. Turtnermore, b

ig small in size, clean, sznitary and zon=-toxic.

In the lLast few jyeers, scientists of China axd aproad nave
heen envisaging a way 0 increase crops yiesld by using caroon
jioxide 8S a gas tertilizer, namely, growing leguminous planvs
in a greenhouse complex, extractiing edible protein rrom these
plants, using the plarnt remeins as fodder or raw materials for
bio-gas fermentation, and filling the greenbouse xitn carovon
dioxide separated from biogas produced 2as fertilizer. Methane 3and carbon dioxice
in biogas can now be separated from each other by employing the technique

of high polymer film separation.

7 may be added that exploiting the uwtilization of diocgas al3c encourages
+he use of digesters 9 provide good quality organic fertilizer, improve
envircrment and sanitation, permit Detler use of excrements and prevent

digeases, Jowever, these topics are outside the scope oT %le present papeT.
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