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PREFACE

The National Seminar on Biogus 1echnology was held in
Punjab Agricultura! Upi-

rtment of Science and Tzchnoloay, Gov crnment of Indie. With
the publication of thesc procecdings (he Organizing committee
has fulfill=d its commitment made wity the participants.

The papers presented in thiy seminar deal with various
aspects of biogas 1o chrology like contemporiary developnent of
biogas technology in India apd China und  their Present  status,
chiemistry ard microbiology of 2nacrobic processe:, economic
aspects of biogas techrnology, inte giated energy from wnewable
seurces, bingns r'iny Pperidtion, mathematicyl modeliing of biogas
designs, etc. A spe ccial invitee Dr. E.L. Halwagi of Nativnal pe ese-
arch Centre, Cairo, Egyrt, presented an excellent account of
status of biogas Iechnowuy 15 Egypt.

I shall lite (o place on record My uappreciation towards
Dr. B. s. Pathak, Br. S R Verma, Dr. €. < johl und the faculty

and steff of Department of Civil Euglvlccmw who helped in organi-

Zing the seminar. Without their keln it would not Jave been
ssible to hold the seminar sucussfully

Special thanks are dye to Dr. N. S. Randha- wa, Deputy
Director General. '(,AR and 5r. M. S. Randhawa, Former Vice
Chaac ellor for their encouragement in the biogas research progra-
Wme it the Puniab Agriculturaj Universiry.

t is hoped that the information ¢catained in the procecdings
wiil be useful to the scientists working in biogas technology.

Dcpd’tmcmof Zivil Engineering S. K. Vyas
Pupjap Agricultural University, N. S. Grewal
Ludhjapg, India.
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1- INTROD UCTION

{ of the National P_cscarc.h CCmrc (NRC)
titutes onc of the fiyve priority programnu.:?
Biogas technology (BQT) is
programme. Emphasis was
"Foremost among \hesc,
d productivity,

Within the contex
RG&D plan, ‘Lnergy’ cons s ol
concomitant with national pm‘)n 1.(:5,. .
onc major project in the NRC Emrgz
placed on this project for several reasons. i

factors relating 10 rural development, cn \g , 1an
it ollution abatement snd wastc recyGiing.

L& sstration
y 5. year R&D and demons
ince the latter part 7 1978.a O~ Y ' ron
> s J{ficially undertaken by the NRC under the auspic s -01
e )
. of Scientific Roscarch and Fechnology with tinancia
ny ientific Res

‘ f UsAID. ‘The project 1s cntit'zd “DC‘t'cloplncr}t anfi
S“PP?“ 'mmeGT in Iural Areas of Egypt”. s u‘.n.matc ob).ccnl\e
Apphc?hon:tratc that the application of BGT 15 technically,
;Soct:?xlloycnllr(l)g cconomically feasible in rural areas of Egypt.

sanitation, P

project wi
the Acader

p B i ~ » WiIn
ll\a XO]CC SUT oy om luc UU(SC was asc on llc ollowl g
l ~ 1 t oo 1 1 b d { t “ 1]

premises: .
1. Multidisciplinary team work t
facets of the project.

o cover the various interrelated

jete te jcs as much as
9. Transfer and adaptation of appropiiete technologic

possible. Py
ining stors as v
3- Research confined to areas pertaining 10 local ;a.t,1 T o et
_ . \ jogas sysi is
as jncreased officiency of the Biogas sysicm an
sub-systcms. - ;
i ‘ chnical as W€
4. Ppilot and ficld demonstrations to zxsscsliithct ;)cc e etore
. ‘ - - .y no
. ic feasibility shou stz e
as the socio-cCOnOIM / e e
adcquate prcparations are made in order to max m

babilities of a successful outcome.
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2 PREPARATORY ACTIVITIES

Village demonstrations are not as simple as they may decelv-
ingly appear to be.  They arc rather complex endeavours that re-
quire lengthy and careful preparatiens.  Such preparations cntail:
development of scieatific and technicalcapabilities, profound under—
standing of village socio-cconomic sctting, development of
interest and awareness among the village masses und proper cogniza-
nee of the villagers peints of view, nceds and expectations.

In order 1o shourten the time span needed to start the demonstra-
tion phase, several prepuratery zctivities were concurrently under-
taken. These encompassed assessinent of appropriate technologies,
sociological surveys, 1esearch and development activities; 2< well as
an in-house pilot demonstrations.

Fact TFinding Stage

he proicct starced with a short fact -fir iing phase in which the
AGT state-of-art was asesscé; an Asian study iour was conducted
by a multidisciplinary group in Cluna, India and Thailand; techno-
socio-cconomic survevs of a number of typical Egyptian villages
represen.ing  craditional as wzll as new-planned types have been
undertaken. Sclection was based on preset criteria taking into
account ieplicability, adequate representation of the characteristics
of Egyptian villages, prospects of demonstration success and location
accessibility.

Rescarch, Development and In-house Pilot Demonstration

The sccond nhase, which is almost complete, encompassed ex-
tensive oriented R& D work as well as in-house pilot demonstia-
tions. A zreat dealof digestivility rescarch work was carried out
to bracket optimum conditiors conducive to greater cfficiency,
highest pathogens destruction rates and diminishing  the effect of
toxic and inhibitory materiale. Various substrates ircluding cow
and water buffalo dung, sewage and agricaltural wastes (weeds,
water hyacinih, maize @nd cotton stalks) were investigated at differ-
ent miui- - ratios, organic loading and tcmperature. Certain
pretreatments including  pre-composting were  also exzmined.
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Work was further ¢
herbicides possibly co1
Two relevant probiems
selective inhibition of hy
and cmbryos of Ascaris.

was done on the evaluation o
soil conditioner;as well

The highlights of research results may b

snducted on the fate and effect of pesticides and
Waminating the agricultural feed-stocks.
were al<o studied on laboratory scale; the
drogen sulphide, and destruction of ova
Furthermore, a sizeable portion of work
f digested products as fertinizer and
as on their handling, storage and application.

2 summarised 1n the

following:

The opiimum initial solid
highest volume of methane is around 850,

Temperaturc strongly

Addition of cr

Mixing of cotton stalks witl

< concentration, which produces the
Q/

affects the rate of gas production.

ashed maize stalks increases the gas yicld upto

about 70% maize stalks in the mixture, after which a drop

ocLurs.
1 cow dung appears to have an ad-

However, pretreatment of cotton

verse effect on gas yicld. :
or onc hour leads to a consi-

stalks by soaking into hot water f
derable improvement.
g cnough period can virtually

Anaerobic digestion over a lon .
Streptococel seem (0

affect 1009 reducten in faccal coliform.
persict longer.

o have notable beneficial
drogen sulphide content
{ during anacrobic digess

Incorpration of wrought iron scems t
effects on rate of gas production, hy
and sulphate reducing bacteria coun

tion.

andle the Ascaris problem 1s through pres
feed materials whereby the generd”
affect the required Ascaris destruc

The surest way toh
composting of the digestor
ed heat wo-'1 completely
trion.

eqe » iva-
Digested materials have higher fertilizing value thanancqd

fent amount of farm yard manure.

<

1i0

9. The air dried siurry has high content of organic matter and
minerals, but a considerable loss of nitrogen through volatiliza-
tion took place.

10.  Adsorption of slurry onsilt deereised the nitrogen loss to 29
only, but the product has low conetent of organic matter and

qutrients.

11. The post-composting of digested sturry resuited in increasing
the total nitrogen content as well as the quantity of manure,

butthe product has a lowercentent of mincrals thandried slurry.

The engincering and  development work was directed towards
design, construction, operation and testing  of three family-size
prototype units at the demonstration site of the National Research
Centre; as well as development of local appropriate gas-use devices.
The first prototype unit is a fixed roof 10 m® rectanguiar digester
of Chincse design. The scecond is 6 m® cylindrical wide, shallow
type dome- roofed Chinese digesier. It is anticipated, after the
exp.erience gained with construction of the sccond prototype and its
successful operation for almost one year, that this type has good
prospects as a family-size unitin rural areas of Egypt. It presently
costs around U.S.$. 300 using Jocally available materials and skills.
The third prototype unit is a new adapted design combining the
features of both plug flow and the Indian movable cap types. Its
effective size is about 7 m" and costed around U.S.$ 500. Provisions
for solar heating of feed water, composting of the digestor effluent on
the top of the plug flow part, ard attachment to both a latrine and
an animal shed werc incorprated in the unit. This type scems
readily expandable to the community size. The National Research
Centre demonstration site, with all the biogas systems present, is also

utilized for training as well as for publicising the BGT.

Performance characteristics, particularly those peitaining to the
Chinese cylirdrical wide dome-roofed type were  assessed using
cow dung. Necw data were obtained on the ceffect of operating

pressure and internal mixing patterns.  Major firdings are bricfly
outlired in the following:
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and insulation cffect

(2) Thedigestor,on account of its design
stability

d, has inherently good thermal

of the groun
varies very siowly with

charactcristics. Temperature
time (about 2 degrees € per month). Axial tempera-
ture profiles inside the digester indicated negligible

differences (0.2- 0.4° C).

rate Geereases with pressure. At constant
24° C,it varicd from 0.304 m> /m? digestor/
0.18 ata pressurc

(b) Gas pl‘oduction
temperaturc of
day at a pressure of 7cm. water 10
of 70. Thisis attributed to the losses accompanying the

increased dead volume of digested slurry n the outlet

port.

(c) Mcthane content of the gas increased  with increasing

pressure (upto 75 o/). This appears 10 be a conseguence

of higher carbon dioxide solubility-

cstor contcnts was

le. tracer {echnique-
ately same

(d) Residence time distribution of dig
determincd usirg a novel and simp
A pulse of plastic  beads having approxim
density as that of slurry was employed at zer0
stration in the efffuent was detcimined oves
indicated an upprcciab\c

{ime an

their conce
a two month period. Results
degree of internal mixing.

3- VILLAGE DEMONSTR ATION

To start BGT promotion in the right direction, ficld demons-
The village demonstration  phasc1s thus the

trations arc essential.
is to introduce the

central focus of the whole project. The purpose
technology to the farmer  on a concrete level through full-scalc

demonstration so asto convince him withits adoption and identify
his point of view regarding 1ts applicability and ccale. According
to the project plan, demonstrations arc to take placc Intwo sclected
villages, 2 traditional and a mew planned type- TFamily-size 35
well as conununity -scale units are to be demonstrated. These
demonstrations will then be followed up and evaluated 10 a5sCss
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}1C vV db ly D a“d CALVH()“”[C]H;] 1m acts a d ‘d {1 t
thelr 1 lh Q()C‘dl l) n a y
l
’ en f he

optimum cours i i
ptis ¢ of action for possible implemeatati
optimum cour neatation on the

Tt wa 1 i a a a
" ; s decided to start demonstrations in a nearby traditional
village for which a preliminary socio-cconomic su as n
: r\I\hlch preliminary socio-economic survey was made
Conscque cxtensive visits were aa f nta n.
quent Y xtensive visits were raadeto the village for orientatio
prc aration purposes  as eil a (o] cicc ‘
and well as for selecti p i i
! cpal S ting a
e e . g appropriate sites
! c .mmal demonstrations will taken place. Personal discuss'onsv
at vario S W 1 ifi m . ][‘ mg n ‘
: | us levels were lIliCHSlf]Cd, and 11 ll(d group ’Cﬁ gs Were
1eld. Post i
& (:,;18 an(ri films were cmployed for spreading awareness
Selected village representatives were invited to  visitthe N ;
Vi : invited to  visitt RC
demonstration site where they could see the operating prototype
& y

units and underst: ic id
. crata.nd the basic ideas related to their i
opcration and maintenance. onstruction

The implementation of the village de i
art . c monstration rogram
o ncl:.clcaﬁclr?c\:sc:'itgu“l:cbruary 1981. .Two family-size digcitofs, 10
A ) ?}?c of a modx_ﬁed Indian type attachedtoa
frmer he u;li; Ccri:ac? er oft}_uc Chinese type crected in the village
co! Cong”ucti.on‘ A in modifications wereintroduced inthe design
(panicu*laﬂ . cchniques to cope with the Jocal village conditions
e tz') im:;llfcpcrlalmng to the adverse cffect of the high water
i fracsior cff;‘l]i(:n}:c g;s yield, as wellas to simplify the handling
e e st . Both units were successfully started -up
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