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PREFACE 

Natiol Seminar on Biogas Technology was held inc Departmcnt of Civil Engi',eer;g, Punjab Agricu!tura! Uni­

. ..- -'Ludhiana from July 9 to July 11, 1981. The Sem inar wasorganized with the support of ICAR/UNESCO Centre of Advanced 
Sudies n the College of Agricultural Enojreer g and the Depa­t of scitmc c and - o o , o o aizin Wov eiiim.,it-ei g ithepublic.tion of these of nd~ y~proceedings (Ile anzlo c nrlteh s fulfill,d its co'nitplent m ad,:, it the,participants. 

The papers presented in this m7inr dealas pc c t with variouss of b io s t c chznJ !oa lik e cticr p oarYyrdexelo pn,nt of
bogas technology in India and China and their present stal us, 

aspects~chemisr of'lat-dio'amicrobiologyya Cflr * of" anaerobic roes;,enoifenergy
bi)gas fromoperatio , I1 1t icl Io carch Centre,A secialCairo, inviteeEgypFt, 

ot 

Dr.presentedEL. 
1 

Hlalwagi. . of,NatinalN/.n. n of 
b 
begs

designs,Ce etc.te 
an excellent Pese-Status account ofof biogas technology In Egypt. 

I shall 1, to 1'lae on record my appreciation towardsDr. B. S. Path;.: r. S. R. Verma, Dr. . S Johl and theand st,-'f of De facultyartnit of C Ea(; "' h hn
 

'1ng the seminar. Without 
 thlei helrj It would not :lave been 
POsible to bold the seminar successfully.Special *;anks are due to Dr. N. S. Randhawa, DeputyDIrectzor Gene ral. 'CAR adr.M, S. R~andhawa, Former Vice
 

Cha ac ellor for their eou 
 rage me0 I in the biopa research progra-Mrne it the Pu-:ab Agriculturai n
 

t ihpdthat 
 the information catained in tile proceeding 
to S"; in t e chnolo gy. gst." 


DrpatintoDCpa mentofr 1Civi Ertineering S. K. V asu j b Ag i u t r l University,udhiana. India. N. S. o rewal 



OF BTIOGA TCNLG. 
PILOT DEMONSTRATION OF EGYPTAR'ASRURAL M-. - l-awagi 

Head, pilot PDart Laboratories, Natioil Research Ce1tre 


Cairo-EgYpt
INTRODUICTION 

ithin hcaional Research Cenre (NRC) 

of the Natiof thescerit programmes
Ivth;ln, tiEe context

Energy' constitutes one Of the five pritYpograBmeso~ lncomit 

onomtantproet ntioal priorities. progame- mphasi was 


IntRe 'ri r9Yprograiflme-Epai
Oaed heRCergy' oromajorthiproect 

lesfFoeoangutivese,paeonthis project for several energy, land producti'ity, 
are factors relating to rural development,

V ,e rc ing-
llton abatement andsanitation, p 

Since the hitter pait Df 1975. a 5- year R&D and demonstration 

NRC under the auspices ofproject wa~s officially undertaken by the 


and Tccnology with financial
 
Scientific Rsearchthe Academy of oinif "Development and

The proect is entitled 
support from USAID. reas of EgYPt.Application of BGT in Rral Its ultimate objective 

itoemotrathat appication. of BGT is techni-allY, 
is to demil aonae that the aili I reas of Egypt. 

ca feasible inbrurasareas of Et. fsocio-conomic
sociaLlly and econon 

was based on the o wg
The project stratcgy foni th1e outset 

premises
fe oflti 

I 
hciplinary o kt o t u 


facets Of thle project.il
 ologies as much as 
2- Transfer and adaptatiorl of appopitetccat 


possible. 


sincreased efi cic hBigs sol c al actortasc woell 

wtcnsivepthertings to loal ar s a
aRs earchn 

4- Pilot and field demonstrations to assess the technical as well 
3 c onfined toareas 

sub-systemis­
as the socio-econc feasibility should not be started before 

aio nare made in order to maximisG the pro-adeqte p 
adequtepareramadsarid 

babilities of a successful outcome. 
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2 PREPARATORY ACTIVITIES 

simple as they may deceiv-
Village demonstrations are not as 

They are rather complex endeavours that re­
ingly appear to be. 
quire lengthy and careful preparations. Such preparations entail: 

development ofscientific and technical capabilities, profound under­

standing of village socio-economic setting, development of 
cogniza­interest and awareness among the village masses and proper 

needs and e:.pectations.nce of the villagers points of view, 

In order to shorten the time span needed to start the demonstra­

were concurrently under­
tion phase, several preparattry activities 

These enconpassed assesssment of appropriate technologies,

taken. 


icse~rch and development activities; Well associological surveys, 


an in-house pilot demonstrations.
 

Fac Stage-

The procct started with a short fact -fir iing phase in which the 

conducted2GT tate-of-art was a.,esscd; an Asian study tour was 
by a multidisciplinary group in China, dia and Thailand; techno­

typical Egyptian villagessurvcvs of a nuimber of been 
represen.ing traditional as w 1 l as new-plained types have 

into 
was based on preset criteria taking

Selectionunde'taken. 
represertation of the characteristics 

account ,eplicablity, adequate 
Egyptian villages, prospects of demonst:ation success and location 

accessibility.
 

Research, Development and In-house Pilot Demonstration
 

The second phase, which is almost complete, encompassed ex-

R& D w ork as well as in-house pilot demonsta­
oriented 

tions. A great deal of digestiihitY rcscarch work was carried out 
to bracket optimum conditio: . conducive to greater efficiency, 
highest palhogeas destruc!ien rates and diminishing the effect of 

toxic and inhibitory materials. Various substrates ireluding cow 
water buffalo dung, sewage and agricaltiural wastes (weeds, 

investigated at differ­water hyacirihi, maize and cotton stalks) were 
ent n.:'i- -. ratios, organic loading and temperature. Certain 

petrcatments including pre-composting were also examined. 
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pcsticids andWorkwas furthr conducted on the fate and effect ofherbicides possibly coltaniflatin g the agricultural feed-stocks. 

Two relevant problems were alqo studied on laboratory scale; the 
of ova 

of hydrogen sulphide, 	 and destruction 
selective inhibition

of Ascaris. Furthermore, a sizeable portion of work 

was done on the evaluation of digested products as fertilizer and 


soil conditioner; as well as on their handling, storage and application. 

of research results may be. summarised in the
The highlights 


following: 


.'Th~e optimul initial solids,, ocent ration, which prodUces the 

highest volume of methane is around 

2. 	 Temperature strongly affects the rate of gas production. 

stalks incrcases the gas yield up to3. 	 Addition of crushed maize 
about 70o maize stalks in the mixture, after which a drop 

occurs. 

cow 	dung appears to have an ad-4. 	 Mixing of cotton stalks with 
verse effect on gas yield. However, pretreatment of cotton 

into hot water for one hour leads to a consi-stalks by soaking 
derable improvement. 5.g'piod can virtually 

5. 	 Anaerobic digestion Oer a long enough Perd cn vfeatures 
affect 100% reductcn in faccal coliform. Streptococci seem to 
persist longer. 

6. 	 Incorpration of wrought iron seems to have notable beneficial 

effects 	on rate of gas production, hydrogen sulphide content 
bacteria count during anaerobic digesand sulphatet reducing 

lion.utilized 

to handle the Ascaris problem is through pro-
7. 	 The surest way 

composting of the digestor feed materials whereby the genera-
' ted heat wo 1t completely affect the required Ascaris dcstruc-

trion. 

8. 	 Digested materials have higher fertilizing value than an equiva" 
manure.lent -amount of farm yard 


110 


The 	air dried slurry bas high content Iof organic matter and9. 
,Minerals, but a considerable loss of nitrogen through volatiliza­

tio! took place. 

10. 	 Adsorption of slurry on silt decreased the nitrogen loss to 2% 

only, but the product has low ck~iicent of organic matter and 

nutrients 

in increasing11. 	 The post-compostig of digested slurry resulted 
as the quantity of manure,

the 	 total nitrogen content as wcll 
out the product has a k'!oerec'mtcnt of mincrals than dried slurry. 

The engineering and dc;'clopment work was directed towards 
family-sizedesign, construction, opera!ion and testing of three 

prototypetuits at the deinonstration site of the National Research 

Centre; as well as development of local appropriate gas-use devices. 

The first protolype unit is a fixed roof 10 m rectangular digester 
" 

design. The second is 6 n cylindrical wide, shallow
of Chinese 
type dome- roofed Chinese digester. It is anticipated, after the 

prototype and itscxl..:rience gained with 	construction of the second 

successful oneration for almost one year, that this type has good 
areas of Egypt. It presentlyprospects as a family-size unit in rural 


costs around U.S.$. 300 uing locally available materials and skills.

adapted design combiifng theThe thuid prototype unit is a new 

of both plug flow and the Indian movable cap types. Its 

effective size is about 7 n:' and costed around U.S.$ 500. Piovisions 
for solar heating of fecd water, ,omposting of the digestor effluent on 

lhe top of the plug flow part, ard atachment to both a latrine and 

an animal shed were incorprated in the unit. This type seems 
expandable to the cominunity size. The National Research r -adilyCentre demonstration site, with all the biogas systems prco.ent,is also 

for train.ing a, Nwetl as for pul-licising the BGT. 

I 

Performance characteri stics, particularly those peitaining to the 

Chinese cylirdrical wide domc-roofcd type \\ere assessed using 

cow dung. New data were obtained on the effect of operating 

Pressure and internal mixing patterns. Major firdings are briefly 

Ill 



oi account ofits design and insulationleffect 
hra tblt(a) Tile digestoI,0of the ground, has inherently good thermal stability 

claractcristics. Temperature varies11 ery' slol with 

timep(about 2 degrees CPer mont) 

ture profiles inside the di-ester 
diffelences (0.2- 0.40 C). 

d n 

ble 

(b) Gas production rate decreases with pressure. At constant 

tbuof 240 C,it varied fromII 0.304 ]m3 digstor/ 

temperature of 7 vae to 0. atI I 
at a pressureto 0.1Sof 7 cm. wvater

day at a pressure accompanying theThiss attributed to tile losses tioe oulletof 70, s i attribu ted i , 

dead volume of digested slurryincreased 
port.

(c) Methane content of the gas increased hIncreasing 

This appears to be a cowlsequencepressure (uplo 75%). 

of higher carbon dioxide solubility. contents asfarmer(d) Kesidcnctie distribution of dgestor 

novel and simple- tracer technique-determined usirg a same 
beads having approi mately 

of plastic t "rndAA pulses Of employed at 
density as that of slurry wase ln t etin d 

their ccncznt rat ionl in thle efflu was detelircrd Oof 
indicated an appreciablea two month period. Results 

of internal milxing.degree 

DEMONSTRATION3- VILLAGE 

direction, field demons-
To start BGT promotion in the right 

trations are essential. The village demonstration phase Is thus the 

The purpose is to introduce the 
central focus of the whole project. through full-scalelevelon a concreteto the farmertechnology ,I. and lientifydemonstration so as to ,,rdri with its adoptlonsto.. convincehimdemnstratin o 

his point of view regarding its applicability and scale. According 
are to t-ke place in two sc.ectcd 

to the project plan, demonstrations 
T hamilysizeas

villages, a traditional and a nc.w planned type. 

units are to be dcrmonstrated- These
well as conununity -scale 

will then be followed up and evaluated to asseSSdemonstrations 

impacts and identify theand environmentaltheir viability, social 
on the

of action for possible implementation
optimum course 

national scale. 

in a nearby traditionalIt was decided to start demonstrations 
was made. a preliminary socio-economic survey

village for which 

Consequently, extensive visits were made to the village for orientation 

as well as for selecting appropriate sites
and preparation purposes 

where initial demonstrations will taken place. Personal discussions 

at various levels were intensified, and limited group meetings were 

held. Posters and films were employed for spreading awareness. 
were invited to visitthe NRC

village representativesSelected they could see the operating prototype
demonstration site where 

to their construction,
units and understand the basic ideas related 

opevation and maintenance. 
The implementation of the village demonstration program 

started since late February 1981. Two family-size digestors, 10 

cu. m. each were built, one of a modified Indian type attached to a 
house, and the other of the Chinese type erected in the village 

were inl roduced in the design
Certain modificationscollective unit. 

to cope with the local village conditionsand construction techniques 

(particularly that pertaining to the adverse effect of the high water 
table) and to increase the gas yield, as well as to simplify the handling 

the digestor effluent. Both units were succe~sfully started -up 

since May 1981. 
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