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Ke~ Amerobic Digestion. Night Soil. Electricity Genera!ion 

Abst?act-.\ biops power static.n has been built in Fos.han. Guangeong. It was origi­

nally a night roil treatment plant 1.hat did not collect any bicsas generated. In the year of 

1974 it was tranSformed into a lr1ogas ;:ower station with an output of 90 !cw. The station 

bas been operating normally for 4 yea.rs. Successful experiences have been acquired in the 

aspectS ot leak-proof and anti-corrosion on the walls of gas .!omes of the digesie.cs. gas 

storage with balloons, automat1c overflow to minimize ;:umping, a'ld making anacb?Df!nts in. 

easy ways. 

INTRODUCTION 

Nowadays, countries in ail pans ot the world are paying fall 1ttention to the e::cpici­

tation of energy sour.:es u.d studying them on a large scale. Energ:· via bioconversion i:> 

an important one of the available energy sources. Scientists ot many countries have :nack 

w~de mid.ies in this field. In rural areas of our O'lUntry anaerobic di~stion bas been studied. 

tested and populari2ed tor years. More than 7 million rural digc:ers have tcen built sin~ 

1972, and they !lave brought about excellent results-better ~oi•:ing ot the fuel suppl}­

problem tor commune members, providing more and better fertilizer .lru! improving the san­

iwy condition of the countryside. In :r.any places biogas is u:i!ized ·o C!:'ive motors an:! 

generate electricity. Studies on !::iogas ;:ro;:uction from urbail. industrial and do~cstic waste 

watc!', as well as biogas utiiizacion to generate e!e~ricity, are 1lso ~ing .::i!'ried on. 

The Foshan En·•i:onment.11 S.!!titary- :VIanag'!::-:ent Agency, :oge:.:ier ·.vi:h th1s insrnut<!, 

r...-id Stu.:::ied t!:le anaerotlic di;~stion Jf :11;.ht ;:oil a.::d t:1e Utlic~.: :on O[ :1ops :o ~ener.Hi: 

::::!-::tncity .. \nd the~ we tr2:isfor:ne:i :h~ origi::ul JunGi:i.o :Sigit Sv.i Tr::::.t:r.::n~ P!an: i:i:o 



a oi095 power station with an output ot 90 kw. Tbe plant bepn to wort in ~ SU!!!.mcr 

ot 1974, and has !::een operating :JOrIDa.lly for 4 yesrs. Although t!lc said ;:ewer ?iant !s 

v~ small, its sua:ess ?IOVi::.CS new experiences for the t:rtatment of '.ll'ban waste wa~r ~nd 

tor :.he ouilding and operating ot commercial oioga.s ;:ower pla!lts. 

Bi095 power plants are different t':'o:n other power :;:lants. As one biogas ~:er ;>!ant 

was built. three p1.an1s were fu.nctionitll at the same tin:.e~ a ')OWel plant, " fertilizer ;:>lant 

and a waste water treatment plant. Hence the building ~f such ~nts is a n:atter of !reat 

realistic imp>~.ance. 

TECHNOLOGICAL PROCESS 

-~s the original Junqiao Night Soil Treatment Plant was to treat night soil and ;;:;:ovide 

ferti!izer for sanitary and agricultural purposes. while projecting the technological ~ 

we had to consider the original sanitary and agricultural demands. the construction dlarac­

ttristics of the origim.l treatin!J t!lllks as well as the I~ conditions. We tried our bf!st :o 

:ninimize the reconstruction w.Jrk, simplify the equipment, convenience the operation wd 

ec:oJlOtlli2e the investment. In regard to the digestion prxess., vie llU!de it sinulat to th;>.: uf 

thmMtage septic tanks and kept the sludge overflowing automatically from fecdil'.g to dis­

charging. The now sheet of this bi~ power plant is shown in Fig. 1. 

The raw sludge ot :light soil ~ sem to the station by tank ttucb; every light. A~.e: 

.:eleasing from tank trUCks to the feeding ba.."in. the raw slud~ runs into the digesters thro­

ugh the channels and the inlets. At the same time. an ~ volume ot digested si:;dge 

overflows !rom the outlets on the other side of the digesters into the sedimentation tanks. 

Similarly, an equal volume of supernatant overflows from the sedimentation :ank.s into the 

sroragc tanks. Every r::.orning the digestc1 liquid in tile Storage tanks !lows automatically 

inu... the ~ct:ilizer toats i.h.rou;h valves. drainnillg channels and a measuring box. W!len 

tm preci;i:ate in !he sedunentation tanks ~ccurr.ulares to a certain extent. it is released 

periodically, and :lows •nto the fertilizer l:oats., too. The c!igcsted liquid and t1 · ~ecipitl!e 

are all sent :o the count;ysi:ic !or fertilizer. 

A.:tial !low ;l'Jmps :ind pi~eii~es form the stirring equipments. The digested liquid is 

~umt:ed fruo -:te stora;e tan.ks :o the r.o:zles of :he · T' :ubcst submerging ~low liquid 

le•;eI oi the .:!i~ters ttroug.il :he pipcli~s and dividing into two c:.ir:ents, gushes out from 

:;;c ~ai.~ :iozzies :o ~sh agai!lst ~= 5C'.UDS floaU.g on :he surfaces .Ji !he contents in :!::.e 

Jiges:!rs. T!ien:: :·.vo ec;:'.ie$ are !or:r.ed i'.1 eve-:; digester a.r.1 :he -:oments in digesters l,.. 



8 T r ;-

! I 
! I 
I ; 

.IP 
I 

IU pipeli-

7 

5 ...-­
\ 
I 
\ 

\ 
\ 

10 

7 

2 -

\ 

at.wtac 111 paJ inc 

... -

1 
\ 

11 -I 

I 
I 

I 

....... 

f2 

7 ,, )±. ~ 
~r1 I ------.... / I I 

L SYitc.!i board 2. Generator 3. Combustion e:igil:r.e 
5. Balloon 6. Safety run i. Tani T::uci 
9. Digesttr 10. SedimenUtiOiL Tank 11. Stor~e T.lni 
13. Stop-Valn 14. ~easuring Box 1'5.. Fertili%er ~cat 

4. ?l:ter Se.'li T3iTe 

8. F eedilig Ci1a:ulei 

F:g. L FLOW SP.EE':' OF JtN QUO 31CG.\.S POW'CR ST.~-.·:c~ 

The biogas g.e:aerated from the disesters flows !nto two S10l'age balloons and then to :ne 

combw.tion engines. There are water seal valves, which are 3pCCially de.signed. among the 

digesten. balloons and the en&iJJes. Tix electricity generated by the combustion engine­

generator sets is ser.t to the local power grid through switch beards. 

EQUIPl\-lENTS 

1. DlGESTERS. 

The d.igesters arc transformed from the original recta.nsULll" treat:nent tanks. Thete are 

28 digesters in th.is power ~tion with :1. votume of -l 7 cu.:n. ~ach. and the total voturr.e 

of the digesters is 1316 cu.m. The bottoU'.15 and roofs of the digest~rs are !Il3.Ce of con,rete 

and the walls are made o! bricks. Ceramic pipes produced ~oo.ily are used as inlet and 

outlet pipes of the digcsiers while PYC pi;:es as ~iogas ~ipeiines. In O"der ~ prevent any 

possible gas leakage :rom the digesters. die inne-. surfac~s o. ~h~ ~ de nes ire ·Neil coat:~ 

with t!iree layers: the :.'i:st .~yer is of rommon cerr.ent :nor-:ar, 'he se;;ond :ayer is oi ;:me!'l: 

mortar mixed with 5 :-; (to c:ment by weight) of ;olyvinyi ace:ate latex ind 'he third layer 

( 



is of cement paste mixed with 10" <to cement by weight) of rolyvinyl acetate latex. 

Furthermore. birun:inous painting is used as anti-corrosion coating on the cement ;>a.St"! 

la~r. It has been verified :hroU§h operating practice of late years that the anti·l~ge 

and a!lti-<Om>Sion results of these coa~s are excellent and no le:ikagc bas been found. 

This is also a successtul ex;w:rience Qf ;>reventing gas leakage on a :arge surface ot concrete 

strUctUre without any Deed ot lilting ~ic or metal plate. The oiagram of each digester 

~s shown in Fig. Z. 

l. GAS HOLDERS. 

There are two gas holders in this plant. with a volume of 120 cu.m. each. Acti;ally, 

they are two t.Uoons made of PVC film with a thickness of 0.28 mm. Characteristics of 

the balloon holder are stated as follows: 

a. The whole gas system kept in an e.nremely low pressure below 1 mm. .nter col­

umn till the balloons are fall of bWgas. Even whe:o. the halloons are fill~ the hi~ 

~ of the whole gas system will be kept at 3 cm. water column by tbe sa!e!)' valves. 

c,.,csequently, :he demands on coastruetion of the digestets are limitecl The digesten art' 

very easy to be built with conunon materials and by ordinary :nethods. For CDmple. the 

roofs of the digcsters ir. this plant is mad= of conc:-ete with a thick.Dess of only S cm. 

b. The materials making the balloons are cheap and easy to obtain. The balloons can 

be made simply and installed conveniently. The two balloons, havir.g a total volume of 

240 cu.m., cost only R..\IB 90\l yuan. Comparing with a floating c.JVtt, having a same 

volume, which would co~"t as high as 25,000 yuan and still would be cillicult tc !>C manufac­

tured and installed. 

c. As t!ie pressure of the gas system is very low, it is ea~y :ind cheap to make absol­

utely reliable s:op valves and safety valves. (See Fig. 3, water seal "alves and Fig. 4. 

safety valves.) 

The balloons should be !cept in rooms. The floors, walls a.'ld roots ot the rooms should 

be smoot!l and clean to avoid grinding through me !:2illoons by :;harp things, such as sand. 

There is no any other requirement besides this. On :he COI'ltrary, in our case, the floating 

covers require wat:r tan.ks of the same volume, because all digesters have their own con­

crete roofs and rw floating covers should be allo'"•~d to float direaly on top ot the digest­

ers. It is obvious that to ouild a water ta!llc is more dif!ic:.ilt and e:qiensiv~ than ~ :::uild 

a usual room for :.he balloon. 

At :'.irst, We simpiy ~oined :he Op-!:'li:1zs Ot :he ~as ?i;:eiines ~o the balloons, but it 

..:i:i :iot take ve:y :ong ecfore ·Ne tormd :!lat the fii=:s ld.ac::i: :o :!::e outlets would stick 
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the opening of the gas pipelines and cut the pipelines off due to the suction at we en­

gines. In order to prevent this we inser.ed :he gas pipelines through the balloons rzom the 

inlets to the outlets al'd drill holes on the rubes of the !;'lS pipelines. thus make then 

like ~utes within t!le ba!loons. 

3. WATER SEAL VALVES . .\.."'lD SAFETY VALVES. 

Owing to the exceptionally low p:essure of the gas system. we have designed two 

kinds of SJ:ct:ial plastic valves (Water seal valves and safety valves) which possess oany 

advantages-the producing material being easy t0 obtain. sim9le manufacturing. being ,:on­

venient to operate, being cheap and reliable, no abrasion, and anti-corrosion. 

The water seal valve is shown in Fig. 3. 

-· ., ••. ' ... _.., ·- ' • ,. l. ·--
:' ·.; • .J ••• i. .. .:. .. \. ,:,,;,:,."\. ....... , .-..- • :. 



A plastic tube is bent into the shape of the l~er U. A water seal valve is formed 

by means of c=:>nne:ting the :Xmom of the •t:' and a pail with :i :!exicle tube. Two stands 

have to be built for the ;:ail, one of them is low and the ot.ier is hlgh. \Vhen the ;iail 

is ;>Ut on the hig.b.i:r stand, d:le water :lows f:o;n the ;ail ~o ~he G - tube, ~us the water 

level raises to a he~ght atout 1.5 cm. over the bottom of the U-tul:e and &~ valve is closed 

to cut oU the pipe! i.ne. When the ;:ail is ~ down on ~e lower stand (as shoWn with 

dotted li."'lleS in Fi~ 3. ), the water flows from the G-tube to the pail, dlus the W3.ter 

level dtolJ6 tO a heiJht below~ Cottom of the C-tube and the valve is open to mate the 

pipeline through. 

The safety valv:s are designed to g'.lllrllntec the safety of the digesten and thr. tal-

loons. The principl: is similar to that of the water seal valves. The safety valves are 

farmed simply by cN1necti.ng several branch piptS to the gas pipelines and St4bmerging the 

~gs nf the branch pi;;elineS i~to water 

about 3 cm. below tlC water surlace (as shown 

in Fig. 4.). When tl.e i.uoons are filled, the 

pressure of dJe gas : :ystem gradually i.DCreases 

till it reaches 3 cm. water column and then 

the biosaS getS out !torn the openi~ mentioned 

above and keeps t~c ;m:ssure unchanged (at 

about 3 cm. water ::olumn), and prevents the 

bailOO.JS from breakage. 

~. INTER.-.rAl.. COMBCSTION E..~GL'iE-GE.."lT...lL\TOR SETS. 

Tbtre are two sets of getr.ators in the station. One is a Diesel engin:-senerator set 

rating at 50 k::w, the other is a ~ engi~~neratar set rating at 40 \w. Both sets are 

ignited by spark ;logs. The Diesel engine bas heen 

reconsu-uctcd. the l'uc~ oil injection systt'm bas 

been dismantled; Sl'Uk plugs are used in place ot 

~~e oozzlcs; a distributor, and a mL"Cer (Fig. 5.) for 

gas were placed in the air inlet, ll1 ignition coil 

llld a storage battcty were added. A.fte: t.~e recon­

struetion, tre Diesel ::ngine gives good ~esult. There 

is :11) need to rccoc:•truct the gas ::ngi:ie. 



OPERATION AND DETER..,IINATION 

1. FEEDING .&"ID DLSCHARGDiG. 

T.le f~..ing cf !light soil is 60 tonnes ;:er day a:id ;:he dischargin~ of .ii~.eC :ii;.:it 

soil to fertilizer i:llats is of the same quantity. Owing :.o the large quantity ot !avat1Jr:r 

water, the content of dry material in night svil is merely around 2 % , a.:i'.! volatile ~olid :s 

about 1. 7%, so the fluidity of :light soil is ~ Fur•hemiore. we pt')perly utili...--ed ~~e 

terrain by building the digcsterS ilJ:On the highest SI=Qt to kee? the di.scbarging outlet ilig.!:er 

than the water level of the river at any time o:o !!lat the sludge overflows automatically from 

feeding to discharging without pumping. Thus made the cost of construction low, the opera­

tion easy, and the :ocal ;.ewer consumption drops down (to 6% of the total ~we= generated\ 

while net outpUt increaseS. 

l. DIGESrION A .. "lD G • ..\S PROOCCTION. 

According to ±e \!esign. the detention tim1~ of night soil is 22 days ~n the digesters. 

Foshan is sit-.uted in t!le south of Gaangeong Provine!, having a subtrOJical climate. 

High tcml)Cr.' .ture ~iod is very long theft-about 8-9 months. In this pcrio 1. the ranse 

of :empei-ature of :te contents in the d.igesters is atout 25-30°C. In con'iideration of r.h.! 

speciality of climate and the difiiculty o! rea>l.IStructicn. no heater and insu'ator ar: ':mil: 

so far. When tile .:onte!lt te:npera~ is 30°C. tile average daily g:!S produc:ion rate is 0.3 

cu.m. tieI cu.m. ·;olume of tank and the total 335 produc:ion is about 400 zu . .:n. ;::er .:ay 
without stir. \V!len it is stined continuously, :he gas ;rrodllC!ion ~te increases consicer1d::, 

up to 0.55 c-:un. ~!' cu.m. volume ot tank ~r day, and the daily ::irodue!ion attai:is li:Ol!t 

i20 cu.m. To .:omp!.:e with the case withou" stir, :!le ;mxiuction increases by 80 a,;. ::i 
winter, the lowest temperature of the contents drops ;o aoout !4 'C, and the gas prodi.!c:ioo 

decreases to a half of that in summer. 

3. GAS A..'l'ALYSIS. 

The comµ>sition of biogas produced without stir is: CH. 71-72.5%, CO: 26-27?'1 .ir.id 

a small amount cf H~S, CO, etc. The data of analysis show that agitation has :iothing :~ 

do with the .:om~ition ot b~ µreduced. 

4. GAS CONSt")l:?'IION ON ELECTR.!CITY GE~"'ER.\TDiG. 

Accordin3 :o Cl!I .:!e:e!!Dination ;o the gas engine-~enerator ;er, one cui:Jic ::::'le:er .:ii .;1s 

at ~O'C may provic!e 1.5 '.<'.vtr. of ::lectricity, Le., one cu.:n. ot ~as i:i stan!±ird sta~ '.)rovic::s 

1.73 lcwhr. of !le:::rici::r. r=.e ~otal ~~t ef!iciency ic, 2~.3 'j. 

5. SA.'IITATIC~ EFFECT. 



The CXl)Crtise ot Foshan Epidemic Prevention Center (in Table 1.) shows that the eff:c: 

ot parasite eggs sedimentation in digesters ot this station is quite well. It is the same 1s 

in the three-stage septic tank. The ceath prccntage of ;a~ite eggs is relative to ~he de­

tention time ot night soil in the digeste:-s. 9ut the \'ake of ;:oli-bacillus is ~ar from :he 

criterion of barmlessness. 

TABLE 1. SANITATION EFFECT 

Sampling Part.S Number c,f Parasite Eggs Die-off V:ilue of 

Parasite Eggs Removal Parasite Eggs Coli-bacillus 

Inlet of Digester 396 0% 38.i5% ro-i 

Sedimentation Tank 116 70.7% 62.8 % 10·• 

Outlet of Storage Tank 31 92.2% 68.U6% io- 1 

t. THE FERTILITY OF THE SLUDGE. 

In oreer to check the change of the fertility before and after tenneotation (represented 

by nitrogen. phosphorous and poiassium)· to provide a reference datum for the agricultural 

section. we sent the samples to the Guangdo~ Institute of Soil and Fertilizer for analysis. 

The results are shown in Table 2. 

Sample 

Raw sludge 

Digested liquid 

TABLE 2 CONTENTS OF N, P, K 
IN RAW SLUDGE AND DIGESTED IJQUID 

Total ~itrogen 

1.049 

1.009 

Ammonia ~itrogen 

0.620 

0.860 

P:O~ g1 i 

0.512 

0 . .!04 

K.p g/1 

0.340 

0.340 

As shown in the above table, the content of ammonia :iit:-ogen increases about 40 ;~; 

after di~stion. but there is little change in total nitrogen and mtal ;xitassit·-:n. The reason 

why the total phosphorous reduces so obviously is that part of phosphorous is i·.i state of 

insoluble compound existS in the precipitate, a:id tte amcunt of precipitate in the digested 

liquid is very little. 

7. THE EX.PERL.'1E..~T ON CSING WASTE HEAT TO .\1AKE ~IGHT SOIL HAR.,lLESS. 

Biagas, after generating elC1:tricity, releases a large imount of waste he.i.. Accordin~ to 

our calculation. :,ur~ng one stancard cu.m. of biogas from :his sta•ion will release ~.600 

kcal. or waste teat a.i:er generating elC1:tri;;ity. H;;ncrecs of C:.l.~. or ~as :ire conswned ~n 

Junqiao ?ower Station !Very .ia:;. T:ierefore, a great J..~ot:m of was•e heat can be utiliz:c. 

R:::er:t:y, •ve have :na.ie some experiments on using W:!S:<! !'le:it :o i:eat raw r.ight ;oil to 

' 

f 
\ 
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make it harmless, and have brought about some e:-:-pcctant results. The night soil, passing 

through a heat exchanger, may be heated up :o 60 • C with waste !ieat. and then the die-of~ 

of parasite eggs ~s : 00 % whiie the vaiue of coli-oac!llus is 0. These :esults .wained :he 

standard of harmlessness. This ex-periment is still go~ng on for the time '.:eing. 

DISCUSSION 

1. Agitation may increase the gas production and shorten the detention time. The ;:ower 

for agitation is 2.8 kw. and c!aily electricity consumed is about 6i.S kw::..r. It :ncans that 

44.8 cu.:n. of biogas is required every day, that is o·.tly one :..:·:::..~.il of 320 cu.m. of .:iiogas 

increased from agitati'Jn. Obviously, ct''ltinuous ~tirring of the fermentir.g conur.t is 

favourable. 

1. When a digester is cleaned, a very thick scum layer could always t:e :ound. In the 

scum layer there is still much organic matter which has not yet been utilized. The scum 

not only occupies the volume of the d:gcster but also hinders gas production. T!lis problem 

has to be solved. Tt1ere is a possibility lo obtain a better result, if a pressure pump is used 

to rush the scum and stir the digesting conte:'lt. 

3. The preliminary resuits of the experiment shows that the using ct waste heat f:om 

gas engine to make night soil harmless is available. In addition, heated raw ::iight soil may 

elevate digester temperature and thus increases gas production. 
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