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Biogas is a mi:ct\u."ft of gases with methane as i"'s lO&in 

conte!lt. .lccordi::i.g to t.he ~lysis and measurements made by 

C4~ InS'ti ";"'J.te of Chemistry, .!cademia. Sinica, ?f 64 biogas 

d.igesters in six colm"ties in Sichuan Province, biogas cozrtai:::s 

61.9% of methane and 35.77% of carbon ilo:tide ;ti.th ver:r small 

percentages of nitrogen, sulfurated ~gen etc. 

?{ethane is transparent, smell-less and "tasteless, but 

oiogas smells of garlic or ro-:ten eggs. Complete combustion of 

1 cubic meter of biogas generates 5,500 to 6,500 kilo-calorie!'! 

o:r heat, which :.s enough to run a. one hcrse-pover i?rternal 

eo11bu.stion engine for two hours, or generate 1 .25 kilowatt 

hours of electricit;r, or procbce 5.2 kil.>gram11 of carbon 

tetrachloride. One cubic aeter of biogaa is @qW.valer.t ~o 

0.4 kilograms of diesel oil. 0.6 kilogram of petrol or 

O. 8 kilograms o-t stand.a.rd. coal. 

Both the p~sical properties a.nd cheaical composition 

of biogas indicate that i-; is ::iot only a. good fuel, bu't also 

an i.aportant chemical raw material. 

Biogas is an in9%ha.ustible energy source. Sola.r energr 

stored in plants by i..ight 97Uthesis process is convened 

il!to biogaa energ::r through 1:he action of bacteria; and, 

therefore, thiil bi.o-cierg::r - biogaa will always exist so 

long M the sun exist a. 

The raw !D&"tel'ials for artificial production of ·:Jioga.s are 

organic ma-tters suc.;h as hl:-.n and animal excrements, stalks, 

weeds, leaves, gar~, se-11~ etc. As these materials :1.r~ 

to be !'-:iund a.l:nost eve?'T"here, they can bts collected and 

ferzented locall7. Recentl7, peasa~s iz:. Sic.b.ua.n Province 

b.a.ve been growing 110re and more water h;ra.ci?Iths(pistia. ~:-at1otes 

This !"ast-growing, iligh-yield plant is not onl:T a. good fong'!!, 

but a..!. so a good raw mat eria.l for biogas ferment at ion. 

. \ 
-• I • 
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jfher. used. as a. !'-.iel, biogaa prodo.ces ?:Q aah., no saell, nc ~ison 

and :io ha.za.rls or pollution. 

Therefo?'9, biogas is a.n ineman..stible, ch•p and clean energr source. 

:Biogaa is a.rtifieia.lly -.de b7 allovillg a.naerobic :nethane-produ.cing 

bacteria to deco.pose ~he f'mnming raw •terials 'IDMier a tigh'tl.y-6-.led 

envi.rozment. Rav llll&"t erials for f'amemation should meet i:ertain 

specifications wi"tii regard to their cu-bon-nitrogen ratio, eoneentratio,.~, 

t eapC"&'ture, acidi. ty and alkalin:i t,.. 

1 • Carbo1H1i trogen ratio 

Carbon and nitrogm a.re the •jor- mrtrimts tor amLe?"Obes, vhich 

fe~ on carbon 25 to 30 tiaea llOre qui~ than 011 mtrogen. Generally' 

fresh cov dung, sheep -=re and mi..u e:a:reaents have good carbon-m::rogen 

I"&tioa (See Tables 1 a.mi 2) • 

2. Concentrcrtion 

The lllQSt suitable d%7 matter concentration of a. raw material is 

7-9:(, (See Table 3). 
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T~le ~ Cubon-Nitro9en R"'tics of Most-Used R~w M~te.ria{s 
for Bio-6«-s ferrnent~tion C Appro't:ima.te v~!"e~) -

mo.keri~s 
co.rbon we4~kt nitro~tft we.igk.t wbon- riitroge.n 
puu.rtt "f ( Cfc,) per~ C0/o) r~tio 

I 

df"!! wrut strl.W t6 I 0.53 87: I 
I . 

cit!j rill strAW 
i 

67:1 42 I 0,63 . 
i 
! 

I rHA~ze sw~~ 
! 

40 o.7s I 53: I 
I 

f o.Mu. ltNJt-!, 41 I /, 00 I 41: I 
I I I 

I So~a, bun s~~s 
! I 

41 I /. 30 i 32: I i i I I ! I I 
I 

I 

weed~ 14 

pett-ntd SteM~ £ I~ 11 : 0.59 19: I . 
I : 

fresh shee{) n~nt<.re 16 I I 
o.s5 I lj!/ i I 

I 
I 

fresh ccW d£Vn~ 7.3 I 0.19 2s~1 
I 

I I fresh ~t'Se t11dJ!cue 10 ! 0,42 2d.: I 
I I I I 

I 

fre~h pi~ rtVA'U<Kt 7.e 0.65 13:: I 
. 

frtsh ~ ~te~ 2.5 0.85 :;_ J =I 
l 

I 
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T <11ble 2 B10-G6.~ 'iieid of Sever~( R'1MI fvia;te.r;o.is 

~r- f erm e. rvt a;t ion 

ru~u..-"t of bio-~~ 
qe.nerttt"eJ,,, b~ 4 t of 
DRY ~~ (M3) ( O/o ) 

2.6c-28'a ?0-60 

200-300 

630 70 

WHE:..T STRAW 432 

r 
I 

tree.. lw..res 
' ---; 

210-294 1\8 J' 
~~~~~~--~~-!I 

~b~e & m~\4 64C 50 

d~hlle-r~ sew~e. 300--600 58 
---t--------1-----·-t 

CARBCIITDRATES 7so 

1400 ql4si-~t r..cmpc~Msl 
---+-!---98_C ___ _.....t 

Prcktn 
I 

49 

72-

I 
I 

f 
\ 
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T"-'ble 3 W Mu." ((lt1-te.nt s of Seve(oJ B le -GM 
R(l.UJ Mole.ria;{s 

i p lg u..rine. 
I 
' ~~~~~~~~~~~~~~~ 
: 

O~rtdf~ wt~1:.r-dried, 
~Mt 

I''__:__ 2.C I.._, 
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Fe:rmentation may take place at high tempera.tu.re { therm.o­
philic fennentation, 47--55 de& CJ, mecium temperature (meso­
philic teupen:.turP. fementation, JS - JS deg C) and ambient 
temperature( 15 - 35 deg C). Gas production rate may reach 
approximately 250% e.t high tcmpera+.ure, and 150% a' medium 
temperature and only 15% or so at ambient temperature. The 
high temperature !e:nnentation cycle is the shortest of all. 

4. Acidity and alkal.1llity (PH value) 
The optimum PH value ranges between 7 aild. B. Usually 

the PH value needs no adjustment because bacteria in the fer­
menting materials undergo a procei·s ot self dynamic balance 
1l"i th respect to the PH value. Adjus ~.ment is necessary only 
when a g:reat quantit~ of volatile ~ids have been accumulated 
due to improper material mix and management. 

The combustion of bio-gas demands a sufficient supply o! 
oxygen. 

Prom this chemical reaction equation we can see tha.t the 
me~hane-o.:ryge~ ratio ~a 1:2. J.xygen content in air is only 
1/5 and, therefore, in terms of 1olume, complete combustion of 
one part o! methane needs 10 parts of air. Since bio-gas 
contains60 - 70% of m.ethane, comi:;.l~te combustion of one part 
ot bio-gas ~eeds only 6 - 7 p~rts of air. 

fl According to current data, biogas 

~ lowing purposes. 

1. Cooking a.r:;d lighting 

can be used for the fol-

I~ China, ambient temperature fe:nn0ntation is at present 



the most popular iiaY' to ske bioga.s. Tb.ere are a.ltcgeth.er iDOre ~h.an seven 

million home bioga.s digest ers in China's rti.ral areas. The average gas 

prod.uc~ion ra.te is 15~. Generally, the ca.paci-:;7 of a. digester is de~ermined 

in des:gn by the size of a. famil.J'. There a.re four size r~tings for home 

biogas digest ers :.n China., namely, 6, 8, 10 and 12 cubic :net ers. .1 

famil.J' of fiV9 people consumes a.bout 1 cubic !Jleter of bioga.s for cooking the 

three meals of a. da.y. To produce this amount of biogas, a. digest er of 

8 cubic meters should be established and 100 - 150 kg of Pi~ should ·~e 

kept :.n stable to provide raw mat ::rials for fermentat:on. :1b.en ra· .. ma.t erials 

for fermentation are abundant, a bigger digest er or separa.-t e digest ers may 

be built so as to incna.se ga.s 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 c:ubic meters because ga.s production rate iDCrea.ses in 

proportion with the fermentation area.. In addition, it is easier to stir 

the materiet.ls in the two separate digesters and consumvtion o!' biogas 

·all not be hindered during cb.a.zlge of materials, maintenance a.nd repair. 

l'he role which the bioga.s can play for cooking depends on the heat 

efficiency of the stove. .1t present ~he hec'.t ef!'icie:lcy of the bl!st 

stove in China. e:xceeds 60%. ~en we use good 3toves such as the Na.nt~ 

Coum:r's T;rpe double and single-fire stoves, it takes 15 - 20 !Dillutes a.nd 

61 li~res of gas to boil 2.5 kg of wa.ter f:rom 18 - 19 deg C to 98 ~eg C at a 

room tempera::ure of 19 deg C. 

~he oio-gas lamp is composed ot a bio-gas intake, an air 
ill"tue, an air governor, ti mi:.d.ng channel, a !ire-proof' earth 

block and a mantle. 'Rhen ihe dif'fe.r13nce between bio-gas pressure 
~ water column is above 80 cm, the gas jet is strong and 
illu.mi!l.B.tion is good. When the pressure difference is under 
40 cm, poor illwn1nation results. One cubic meter of bio-
gas can light a bio-gas lamp ror b hours, with the brightnes~ 
of a 60 - 100 watt electric lamp. 



2. :Luia.1 -fuel i.!ltel'"!l.al combUstion engines for fa~ uses 
Tec.bniqi".es to convert diesel engines i.nto bio-gas-diesel 

dual-ftl.el engines are as follows. Keep the furl s7stem of the 
origi.!18.l engine. Install a flammable gas (oio-gas)-air :nixer 
between the air-filter and the intake of the diesel engine. 
Both direct intake mixer and cross pipe miXer are rldely used 

now i.n Sichuan Province. 70 - 90 % or diesel oil can be saved 
ai"t~:- conversion. A.ccording ·,;o the report made by the Sii:huan 

Institute of Agricultural Kachi.nery in October, 1979, tests 
on Type 1105 engines (separate chamber) shew a l •su.l t of 

15 g/hp-hr of liquid tuel. The test results of Type S195 

(narrow pa.th swirl combustion chamber) and Type 175 (pre­

combUstion chamber) also show a substantial saving of liquid 

ruel. 
Table .! 

Data iildicate that sul.furated hydrogen content is JOO - 700 
mg/mJ in natural gas and 50 - JOO mg/mJ in oio-gas in S1chuan 
Provillc~. Tha Sichua.n Institute of Agricultural Machinery 

conducted a test on a dua.1-f'uel engine (with an installed power 

o:r 20 :C.p) in Luzhou, SichuanJ between :September 4th and Dececber 

4th, 1975, using a natural gas rith a. high sulfurated hydrogen 
content of 740 mg;mJ. After niAD.ing for 1500 hours, the engine 
was diSL18.Iltled. The engi~~ parts r,e:re quite intact mn the whole 

except fl for one or two pieces such as the 40 cra..:.l" valve a.lld 

the copper cyli..aaer li..aer, which were corroded su ostani;ially. 
A.a a matter of !act, some bio-ga.s -diesel engines have already 
oeen in operation for more than JOOO hours wi t·.iout any obVious 
early wear or serious corrosion. These facts have indicated 
that sulrurated hyarogen coatained in oio-gas does not have 
a substantial impact during the long peri1d or engine operation. 

The above-mentioned conversion t'~chnique using a flammable 
gas-air ~izer has the following aavantages: no destruction 
of the original engine str.icture, no degradation of the original 
engine pertonn~cea, simple and easy conTer.sion, ve=y low coat 

(RMB ~o yuan or so), and the capaoility or burning either gaa­
cil mixture or diesel alone. 



The bio-~as aie~el~dual oil engine can be used for pumping, 
power generating, rice husking, wheat m.illing and breaking of 
by-products etc. with a big sa:ring or far.ning cost. ?or every 
horse-power or a dual-ruel engine, gGJ consumption is 0.45 m31nr. 
By the end or 1979, there were already 514 aual-fuel engine 
stations in the whole or Sichuan P~ovince, with a total capacity 
of 5,542 hp. Ill the droughty year of 1976, the second 
prodution team of the Yongle crigade of the Jing bian Commune 

;..,/ 

in Qunan County in ;:iicbuan used a ·I'ype 1105 dual-fuel eng::.ne 
for irri6ation or up to 11 hectares of land. Thei:- engine 
was in operation Ior 200 hours, pumping more t.il.a.n 45 ,ooo cuoic 

meters or water. TheJ had a total ric~ yeild or more than SO 
tons, an increase of 23 % as agaillst that or the preYious 

year. Between July and Decemoer, 1978, the eth proauction 



1,\Lle 4 Tesl Hrf~n\\ttlV t<; 
I °' 

S195 l>iese.I [H1i11e_ 

And s ll)5 Bio- <i"~ Oitstl [11~in('._ 

en~"'~ rt'1.d11''l) frcw {;\\~dive -f"1~ I lir"t of ~pE:Cif i( fl.\d hie I ti1'VH~ cf ! 'j<.\S Sj·t:'-i ( 1 l 1vali r 

-sptt:d h~Jf•\LL\1C po wt r (on\u111ptioO fot:I h~d \Ol\5un1e4 ~'\Ve<i g~s C<11H111111,l1n1 '.l"'> !E:n11,t1.d1111 

I ( Rl'f\ \) I d1l"''n1w~t" ( h1~) (i~p 
ccn\11.mplio (c.ns11.n,plion (Cl\'••U\ 1\'lio11 (('(l~lll\\\ l101 

' (~/hp-hr) ( Clk, ) ( Cl/o ) I ('.e<./o.o~rd (m~/l\r) <1111/1ip-hr) \ ( <l< 1 c, 
I <kj) ($) 

I 

I 2000 I 3 I 6 I 5o I 133.6 I 2/'f.} I I I I I I '.I:!. 
I 

ori'1111Ql I 1 I I 

I I I I I I I 200(' +.5 9 I 50 /Olf.. l 191 
I '/ (\ 

t"\~\11~ 
I I I I I ;ooo ) . s- II 50 88.'t t3S I I I \ , I {I 

I I 
I 

\ \ I I I ,2<l(l() I E, 12. 50 l?· I I 187.7 . '(I 
I ' I --· 

j I I l' 

20.:>0 3 I 6 /0 I /10 S1.5 I 2·1.8 I i'5. 2 I (ti: I ]. / .!.. (!,]').~ I . '('. j 

\ ... 1\h I 

I 
: 

dir~ct 2. O{l (' 1. ~- '} /0 115. q. 54.6 ;8. / 8/.? 68.4- i j./iJ I n,J')j I }fl 

, m'it:r l I I 
I 

200·'l 5 t; II /0 15 3.-, 2tl.63 JI, 2 88.8 56. L I J, :t I I ('l,.:'7/ i •/(' . ,, I 

i 
2 (\(\ () G J '~ I /0 I I 09 I 2;. ~ I I 8~-.5- I 3.·19 

' ('\, .:. '/I • , (l 14: lj 5/. ·I : 
L 

I 

' 
~~(l{l(\ j {. /0 lCJ/.6 1 7.s ;:J.6 8(i. t I f. ') I 

J ··~ I I',)// I' (l ... 1,) 

' with 
I 

' 87.11 I I 

'l,C>O(\ I I 5 ') /0 1r4 ·I J(l,5) /(l, 16 f·J· / ; .1.S) I ,..,, j, ,; I .,,., 
crn::.~ I 

I 

n)11(d' I 2<1C (' I 5. s I I I I 10 I tS~ i'i! I r;s1 I ?·'IS I 9(l.s2 I 5 Ii I I i '}r> j ., ) 0 I_;').'. 
I 

I - -

L I ~0(10 I (J I 12 I I() I 16:,.6 I JX. ?5 I c;.~s I 'l(J, 3L I ~.) 6 I ,, -· i··t3 I ('I _.'s~ I '/{ 



T11.LL ~- Opt1~t(o1L V~tat,b c{ T~pe .175 £1)10-<l/'\) l>iLsr:I t113ln( .. 

l lt I ii~ 

r·"''ll.f ')'-1\( 1».tliDr) 

tr'fl1y\ li•"I I 

t11r.t...L:1 13 

L,t-d 

t"ltnnin3 honrs 

".j90 

12 () 

I'') 

f, I 3> 

~r"kari1 

loo.~ 

l 1 JO <kw-hr 

l 20 

-t-9:12 t \F" 

(Ol\\~l\~licn cf 

di<.:"..d l\lei1\e 

<kj) 

39(\. C'() 

I '.L (\ , ,, o 

/(lj,(\(l 

1i13.0C> 

diese i <-C'ln~"·'\ILl\ 

in LJ'l""L' '~l ir." 
of <J''~ -<li~~(.~ I 
l"l\\J(fl~\·~ <kj) 

111. /(1 

31_;· ,(),0 

j ·"'·, '/f" 

/ '// · 5() 

Jl._s,J ~111,_,f 

(.k9> 

2tj.''() 
I 

'v;~···"r') 

/-~I/ ,,..I 

./-2 /. 1> ,") 

I -· _.. 
I 



JaJtle g Ope.rat.on Det"'-Lts of T~pe 110 5 Bio-Ql\S Diesel En1lne.. 
------ -- --,- ------.,.------,--------- ·---- -- --- --- -- -- -· d-l~s~I -Col\ S•'"'~ I -

t·t..~\':i 

proc.e s-si ''') 
llnh1\~~ed ri(~ 

bret\~I n~ 
fodJ~,-

pro(eS5in1 

rll<'\12_e. 

t(\ t(d 

wor~ina · <o~"sbor> cf '1n c..o1HV~i5liof\ I d' I J 
) I t:Se. -S ~ '-le4 

'oo.d ( k~) diese\ o.lot1e of 9"s-dl~$e\ 
-+-------- _____ -~-- .._ ___ (k~-~----- _mlxt:re. <k?L ck~J 
r~nt'\;n9 hot-tn 

+06 99023 974,40 224.15 /5(J~.1~ 

·I-- --1-----------------'----··-·- --·-- -- -- - --L---- -----·----- -------

174 1231b.5 135,00 2 3 2, 40 202.t>o 

---------~· -·----- --------------- ---·-- ·- - ---

.64 1610 153.60 3 8 I 4n 115-,20 

64<f 1 1 8149. 5 I 1 5 6 3 . ao 84 1f .95 I (1t.8'·(15-

I 
~ 

N 
I 



-13-

team of the tsth origad.e of the Xiangyang Commune in ~a.nchong, 

~ichuan, used an S195 o.ual-fuel engine for husking rice, mill­

ing wheat and breaking foader. ~hey consumed 115 kg of oil but 

earnea. 998. 78 yuan and out or every iOO yutm ot: their income 

they took 8 Jl.4an to pay for the oil they had consumt!d. ln 

contras', Ior the thret! neigh:Jouring Qrigades who used the sa•lle 

type of engines out only with diesel, they haa to take 40 - 4J 

yue.u out of every 100 yuan of their income to pay !or the oil. 

Tables 5 and 6 show from an economi~ point oI Tie• t~e va­
rious ope~tional aspects of the two -:;ypes of engint!S usec1 by 

~he 11~h production ~eam OI the Tongle Brigaae of the Dragon 

Pono. Commune in the outskirts of Cnenge1u, ~ichuan • 

.H.ecently, the Hongrtan <.;ounty Distil] er.rbas succeeaed l.ll dri ring 

;hair trucks uy pure comoustion or bio-g~s compressao. into o~en 

cyliMers. ~ese trucks have been used to carry the more than 
100 tons of wastes from a 2000 mJ digester to the countryside 

as fertilizer. One cubic meter of oio-gas. is enough to ciri ve 
a conventional truck J kil'1me·,ers. The ci.ii:;;illeey nas four -:::"tlci:s 

to do the job. L>a.ily 010-gas consumption is bO mJ ror each 
truck and 240 mJ for the four trucjcs, which coTer a tctal Clis­

tance or 720 kilometers everyaay. 48.b tons o! petrol or J6455 
yuan can be saved in ~ :vear. 

3 • Genera-: ing Elect :-i city 

3y the e~~ of 1~79, there were )01 small biogas power 

stations with a total capacity 01· 1494 kilowatts in Sichuan 

Province. Using the electricity generated ~ith bio-ges ror 
lighting is easier a.c.d more economical than ~1rectly using 
bio-gas ror the purpose,in tenns of gas consumption). The 

electricity generated with 0.75 mJ or bio-gas cau light 25 

40-watt lamps for one hour while the same amount of oio-gas 

can only light 7 bio-gas lamps for one hour by direct w:.~ng. 
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The resear:h personnel or the Sichuan Institute of ~gricul­
~~ral Kachi.ne!"j' has convertea a Type JO~ asynch.-onous ~otor 
into a small-capacit7 asyncilronous generator as a stop-gap 
equipment to =eet the rural dema.na.s ror bio-gas power generation 
ror lighting. This particular ki.na. or asynchronous generato:-
is kn.own as Type CYP generator (Tith rour pow~r ratings: J, 
.;. , '. 5 a.ad 7. 5 kw) a.ad can oe conrigured. with TJpe 175 ( 5hp j , 180 

(7hp) ,, 1105 ( 10 hp) and S195 ( i 2.b.p) dual-fuel eng1..!les ~spect­

ively. Uter '00 nours' production test ana perroma.nces mea­

su.remen:t, this asynchronous generator has been :found having 

tne following advant&5E!&• 

(I) Simple structure. The ge.:ierator has no rield commutator 
or br.ishes such as !oWld o!l a synchronous genera.tor and the:-e­

rore there lfill be fewer faults. 

(~) Ho need. tor short circuit protection. Voltage d~ps 
as soon u shortillg occurs. The shortillg cur:-en't is also less 

than in a synchronous gererator. 

(J) Low cost. Its cost is only hal! or even a t!J.ird or 
that or a synchronous generator. 

(4) Lt is oest suited !or a production ~eam. with JO to 

1 00 househola.s. 

The Chengrlang Brigade of the Benniu Commune in 1uj in County, 

Jiangsu trovince
1
has built a 1200 mJ 010-gas aigester. They 
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use bio-ga3 to dri TI! a 75 llp a.iese.i engille geared to a 40 u 
generatillg set, •hicll haa greatl7 e4banced the deTelopmen:~ or 

their illdus_try __ a..;id sidelille productivn. ~he or!gsde is cu~ntly 

runnj ng a dis+.iller,ra.nd. a btick tiln. Incoue from running inaustr7 

and sidelines constitutes more than ;o ;b o:! the origade
1
s total. 

I 

income. 

The .tlorticul tural !a..~ ill .Deya.cg Coun'ty, ~icbuan, has bail t 

a bio-g&a power station using cow dung as raw materials, which 

generates halt o! the electricity needed for production 8.lld. 

ligh-tillg on the farm { naving more than ~00 wo:!"kers and ,o. l 
httc,ares or J.ana.). The ra::m has benefited. :nuch thro"ll8h ~onomics 

from bio-gas. 

The rtoDgXian Cowi~y distiller,- ill :;)ichuan uses distille:-'s 

graills to produce bio-gas ill a 20CC mJ digester emploJiJl8 high 

temperature re~entation technology with ~ gas production rate 
or 100 $ lWithout any stirrillg .r~cilitiesJ. Their bio-gas power 
station now has an installed capacity o! 120 :r ... , •hieh, accord­

ing to their pl.an, will reach 415 k:1r by the end o! this year. 

This power statio4 ilas already been combined into the state­

owned power network. It is estimated that in two or t~e 
yea.-s' time all the ·~nvestment can b~ recouped. 

~1 Dio-g&a power s~ations can be I'Wl ill the countryside 
1'ith little investmen~ and quick results. They will no~ be 
iniluenced by shortage o! water or droughts. 'fhen ~here are 
100,COC small bio-gas power stations o! 7.j kw (12 hp) across 
the coWltry, the total ele~ricity · generated will be 

el=venbullClred million n-nr, which is the ~quiv~eni; or the power 

generated by two Sa.omen Gorge-sized hydropower stations. 

4. .urying :'a.nn _produce and kiln--O.!Ji::ig tiles 

ln places where fuel is both lac.ldJ.:ig and expensive tt.nd in 
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wet seasons, oio-gas can oe used ~o d.ry .Iar.n proauce so :2-: :.~ 

thet •ill not go mouldy or rotten, and at the same ti.:ne, :uel, 

2anpower alld money can oe savea. 

·rhe ~a.n County 1.:1 .:»ichuan grows an abunaa.n!.;e or ~ay lilies. 
The harvest time nappen.s to be in tb.e rainy season. *'hez:. dried 

by ou.r:iillg ;1JOOa ill die pt1.S"t, day lilies ;1fere sz:ickt:d a.::id :;iolluteci. 

Dy carbon ion::s. ~!~er such tre~tmen~, ~ay lilies lo~~ th~ir 
lus~re ana oily smoothness tt..UC1 some even looked. t::urn~, ~ence 

the quality deterio?'!ited. The 'tn proauc~~vn team 01' the 6th 
brigade 01' the Pingxi Com1mne in Quxian Count7 has a 36 :n2 

baking nouse with a ceiling height 01' 2.7 m, usillg bio-~as from 
a 160 mJ digester. Inside the house the temperature is kept 

at 50 deg C or so.There are 7 parallel bakjng shelves, on which 
150 - 250 kg 01' day lilies can be dried everyday. ~~_ <;h ~ch 

a baki!lg facility the team can earn 755 yuan ertra eve?:Y year. 

In 1976, Pengya.ng Cou.r.ty ill Anhui P rovi.:ice a.rui Zi,rang CoWlty 

in Sichuan ?roTi.:ice etc. succeeded i.l1 uc~ bio-gc_s to 1'lue-

eure tobacco. Bio-gaa ha.s the 1'ollowing advantages in ~his 

application: (1) Coal and cha~~oal can be saved and cost reduced. 
On the aTe:-age, every kang (beatable bed) yields 125 kg of d27 
tobacco. As it takes 2.5 kg of coal to cure 1 kg of tobacco 
each ka.ng s~Tes 312.5 kg of coal. (2) Generally, tobacco can 
be cured to one grade higher ill quality due to the u!l.i!or.n 
distribution, rapid rise and flexible regulation of the kang 
temperature. (JJ Manpower c~ be saved. '.fhen bio-gas is used 
to cure tobacco, there will be no need !or anyone to look 

"" 
after the fire. By u.si:::ig biogs.a ~o cure 5 tons of toOa.cco, more 

tha.:l 20C mai:.-days can be saved that would othe~ise be speut 
i!l. -;ranspor.ing coal azicl. :.::: ~ldi~ a.nd. b.eatin.g <;he ~a.?1€. 

(4J The technology 01' controlling fire and air temper~ture 
7i~a switches is easy to ~astgr and :f'airl7 safe. (5J The stn.ic­
ture of the ~ang house can :e si.:nplified. Chi:meys, ridges and 
furnace chambers can be dispeD.3ed 7ith. Burru . .ng of bio-gas is 
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smokeless and very clean. 

Based on the same technolog.Y, bio-gas ~ay be used for drJi!lg 
rice grains and potatoes, raising s.ilk-wo~s, and for growi~ r:ce 

seedlings and vegetables in green-b.ouses. 

Bioga.s is alsc bei:ig used more a.nd more iili.dely as f'J.el for far 

i.n!':-a.-red emitter ovens. These are used as room heaters a.nd for ·..ater 

hea~ing for raisiz:g fish. 

Si.nee June 1975, the 2nd production team of the 4th brigade 
a.nd the hospital of the Taiping Commune in llucb.uan County, 
Sichuan, have conducted 14 experiments on kil.n-dryillg tiles 
with bio-gas. Each kiln housea 500 tiles. ·nie perfection rete 
of ~cio-gas tiles" is 80 - 88.8 %. Kiln-drying tiles with 
bio-gas has the following ad.vantages. ( 1) It taJ,es less time 

the.n when wood or coal is used, hence i~creasi.tlg the availaoility 
of a kiln by a factor of one ~o two. ~2; Cost is reduced. Jhen 
coal~ wood is used, the cost is 1.5 ~1.mes greater tha.rl when 
bio-ga~J is used. ( J J ~power for looking after the fin is 
reduced. ( 4) Temtierature illside the kil.n is stable and tiles 
a.re·uniformlj- heated, thus assurulg good quality of products. 
Small bio-gas heaters for tile kilns ~wch as these are suitable 
!or separate uses in the countryside where only small quantities 
are needed. 

5. Bio-ga.s is an important ill.dust rial raw material. Bio­
gas contains roughl7 60 % of methane and JS % of carbon dioride... 

both of which can. serve as 1'9W materials f.Jr the manufac~ure 

of chemical illdustry products. ihen methane reacts with 
chlori.ne at high temperature, the hydrogen atoms in metha.Le 
a:-e replaced by chlorine atoms. Accurdi.n.g to ~::i.e dif!'eren:; 
numbers of atoms oei1lg replaced, various ch.loromethanes wi;h 
their byproduct hydrogen chloride are for.ned. After conden­

sation and separation of chloromethane, ~he follow1ng products 
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a:e obtained, nan...ly, m.onoch.loromethane ( :najor raw :naterial 
for maki~ organic silicon, or serving as solvent, coolent a.na 
Sill..secticideJ, dichlorometlla.ne \degreasing agent, per.neati.=..g 
agent, coolent s.nd raw :nateri~ for. maki.ng ci~e-filmsJ, tri­
chloromet:i:lane l raw material for making ;:ol~e't:-afluoroet_cylene 

pla.s-tic 3.Ild 3.l!tibiotic, . eX-:rac'ting ~ent, _ solvent 

and anaesthetic J and carbon tetrachloride t :!"ire-e:rtinguishillg 
agent and raw material far :naking fluorine-containing plastics;. 

)/ .lletb.alle is also a raw materia.i. for maid.r.g acetylene, metb.a.ncl, 
foma.!.de.nyde, carbon ol.ac1':, ammonia fertilize~ and other 
c.nemical industry products. Vitamin :.:312 can be extracted from digested 

9 l lU"!"y' • 

'.ill 1~o6, the ~a!lg Al1,;uhol Distil..L.ery in aenan rro·villCe 
bui..1.t two digesters o! 2uuu cuoic meters eac.n. they used dis­
tillers' graill.s a~ raw ma~erials for fennentation ana obtained 
a daily gas yield of buOu - 8u0u cubic aeters. ~io-gas w~s 

prvduc~d Wi iO .... lugh temperature :!'er.nentation tecr~olog:r. Every -- ~--" cubic meter of digester volwne could dispose of 0.1 m of d.istE-

lers' grains il:1 24 hours. In 1970, a chemical plant was b~ilt 

using bio-gas as raw material, which started production in 
197~ 1fith an anIIUal output of 700 tons of dicbloromethane and 
~JO totu1 of trichlorometil.ane. At the same ti.me, the digested 
liquid after bio-gas ter.nentation was used as raw material for 
the extraction of vi tam.in J::!'I 2. Daily output is abou·: one gram 

of crystaline product. 411 these chem..:cal. products mee: the 
specifications derined by the State. 

Carbon dioxide con.tainea. in oio-gas can 'Je used t ~ make dry 
J.ce or as rertilizer. One cubic !lleter .jf carbon ciioxide is 

e.c.ough <;o make one kilogrs.m of ary ice. -::JrJ ice can be ·.ise<l :or 

a.r:i:'i.cial :-ai:ifall a.nd 0.3 -;or..s of dr.r ice can ~a.use a. ::-~::..nf3.ll :if 

; ::im -;o cover an a.rea of -:o 5qu.eare :.Cilometers. ZJ :.ce ca.."1. ":le 'lsed a.l::;o a.s 
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a. good. :oolent, ·..m.ich -:::-a.n:c;i"cr.ns ::-om solid. di=ect ly i:i\:o ?s, grri=g .::. 

cooli~ capabili4;y 4;hree ti;nes ~ea.-:er than ordir.a.l7 ice. ?ur;b.er:nore, i4; 

is smal:: in size, clean, sz ·li"';a.r.f a.nd non-toxic. 

In the iast few r~ers, scientists of China ar:.d aoroad !lave 
been envisaging a way to increase crops yield oy ~sing carbon 
dioxide as a gas fertilizer, namely, growing leguminous plants 

in a greenhouse complex, extracting edible ~rotein rrom these 
plants, usi.ng the plant remai!l.S as fodder or raw materials for 

bio-gas ~e~entation, a.ad filli.ng the greenhouse ~itn car~on 
dio:ri.d"! separated from biogas pNduced a.s fertilizer. ~(e"tha.ne and carbon dioxi.C..e 

in biogas can now be separated from each other by employing the technique 

of high polymer film separation. 

!t ma.y be added that exploiting the uti!ization of ·oioga.s a.lso eucou...-ages 

~he use of digesters to provide good quality organic fertilizer, improve 

envircnmen"t and sanitation, permit 'oet-<;er use of e:xcr~ents a.nd :;revent 

diseases. 3:owever, ~hese topics a.re outside the scope of ~he presen"'; pape:-. 

, 
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