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ABSTRACT 

Experimental wor k o n th e anaerobi c digestio n o f co w dun g an d suga r can e fibrou s 
products (namely , can e top s an d leaves , bagass e an d filte r mud ) i s reported . Co w 
dung prove d a  suitabl e ra w materia l whe n anaerobicall y digeste d bot h unde r 
batch an d sem i continuou s condition s i n laborator y scal e experiments . Result s o f 
the performanc e o f a  2  m 3 overgroun d metalli c digeste r wit h floatin g ga s holde r 
(SAT I  model) operatin g i n a  sem i continuou s mod e an d usin g co w dun g ar e given . 
Economic analyse s o f thi s mode l operatin g a t retentio n time s (R T) o f 10 , 2 5 an d 
45 day s an d o f a n India n KVI C mode l a t R T o f 4 5 day s indicat e tha t th e SA T I 
model a t shor t R T (o f 1 0 day s o r less ) i s mos t attractiv e fo r cookin g purpose s i n 
Mauritius. 

INTRODUCTION 

The potentia l o f bioga s demonstrate d elsewhere , ha s arouse d muc h interes t i n 
Mauritius an d researc h ha s focuse d o n th e potentia l fo r generatin g bioga s fro m 
readily availabl e materials . Suc h material s includ e anima l waste s i n th e for m o f 
cow, poultr y an d pi g manur e an d suga r can e agricultura l an d industria l wastes . 
Availability o f thes e waste s an d potentia l bioga s yield s hav e bee n estimate d 
(Deepchand 1984) . Th e cattl e populatio n i n Mauritiu s include s 800 0 unit s i n larg e 
flocks ( > 10 0 units ) an d 1700 0 unit s i n smal l flock s ( < 5) . Th e excret a generate d 
from anima l husbandr y ha s bee n estimate d a t 12500 0 Dm/y r (1980) . Thi s woul d 
produce a n estimate d 2 3 x  10 6 m 3/yr bioga s wit h a n energ y potentia l o f 52 9 x 
109 KJ/yr . 

The clientel e fo r bioga s ha s bee n identifie d t o b e tha t currentl y usin g kerosen e 
for cookin g purpose s (Baguan t e t a l 1984) . Thi s clientel e i s foun d especiall y i n 
the rura l area s wher e potentia l ra w material s ar e available . 

This pape r summarise s researc h wor k carrie d ou t a t th e Universit y o f Mauritiu s 
with th e financia l suppor t o f ODA/CS C unde r th e Africa n Energ y Programme . I t 
includes experiment s conducte d t o determin e th e yiel d an d characteristic s o f 
biogas obtaine d throug h th e anaerobi c digestio n o f co w dun g an d suga r can e 
fibrous products . Subsequentl y base d o n th e laboratory-scal e experimenta l 
results, a  syste m i s propose d fo r a  famil y bioga s digeste r an d th e economi c 
benefits o f switchin g ove r t o bioga s a s a n energ y carrie r i n th e loca l contex t i s 
analysed. 

EXPERIMENTAL WORK 

Batch digestion o f co w dun g 

As a  firs t stag e i n thi s study , th e anaerobi c digestio n characteristic s o f co w dun g 
(CD) wa s studied i n a  3- 4 litr e capacit y digester . Whe n required , starte r cultur e 
was obtaine d fro m a  batc h digeste r a t pea k productio n an d wa s mixe d wit h 
CD:water slurr y indicate d o n a  tota l soli d (TS ) basis . Occasionally , foaming , 
scum formatio n an d cloggin g o f deliver y tube s wer e encountered . Nevertheless , 
all experiment s wer e performe d i n replicates . 
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To determin e th e effec t o f particl e size , cowdun g wa s sieve d int o thre e 
fractions: coars e ( > 3.32 7 mm) , mediu m ( > 1.66 3 mm ) an d fin e (<  1.66 3 mm ) usin g 
a Tyle r siev e shake r an d al l fraction s brough t t o 10 % T S prio r t o digestion . Al l 
digesters wer e stirre d fo r 1 0 min s dail y i n th e morning . Ga s productio n wa s 
monitored dail y an d methan e conten t a t regula r interval s b y combustio n i n a n 
Orsat apparatus . 

In anothe r experiment , a  conventiona l dru m typ e (10 0 1 ) digeste r wit h a n 
inverted ga s holde r wa s use d t o monito r ga s yiel d o n a  large r scale . Stirrin g wa s 
provided b y daily rotatio n o f th e paddl e fitte d ga s holde r fo r abou t 1 0 mins . 

Results 

The 10 0 1  digeste r operatin g o n co w dun g mixe d wit h a n equa l volum e o f wate r 
( C - D 1: 1 TS ) fo r 12 0 day s gav e th e followin g results . Ther e wa s a n initia l 
latency phas e (35-4 0 days ) durin g whic h dail y ga s productio n rate s average d 
0.5 1/k g TS . Thereafter , fo r abou t 2  months , average productio n wa s 2. 5 1/k g T S 
and tota l ga s extracte d afte r 12 0 day s o f digestio n wa s abou t 20 0 1/k g TS . Thi s 
is comparabl e t o thos e reporte d elsewher e fo r digestio n unde r simila r condition s 
(NRC 1977) . Methan e (CH4 ) conten t o f th e ga s produce d range d fro m 4 5 t o 60 % 
and mea n calorifi c valu e 4- 5 k  cal/1 afte r th e latenc y phase . 

The additio n o f a  smal l amoun t o f starte r cultur e t o th e co w dung/wate r slurr y 
considerably reduce d th e latenc y phas e (Tabl e 1) . I n th e presenc e o f 2.5 % 
starter culture , latenc y perio d wa s reduce d t o abou t 6  days an d cummulativ e ga s 
extraction increase d 4-fol d b y da y 4 0 o f digestion . N o significan t improvemen t 
was observe d o n increasin g th e percentag e o f starte r cultur e t o 10 % TS . 
Consequently a  2.5 % leve l o f starte r cultur e wa s routinel y use d i n othe r 
experiments. Furthe r additio n o f booste r starte r cultur e (betwee n 2. 5 an d 10.0 % 
TS) once digestio n wa s establishe d di d no t improv e ga s yield . 

The optimu m dilutio n fo r anaerobi c digestio n o f co w dun g unde r mesophili c 
conditions i s 7. 5 t o 10 % TS , whic h correspond s generall y t o a  1: 1 cowdun g t o 
water rati o (Tabl e 1) . Sievin g o f ra w materia l prio r t o digestio n indicate d tha t 
the fine r portio n o f th e co w dun g i s mor e easil y digestible , althoug h th e 
differences a s illustrate d i n Table 1  are relativel y small . 

The optimu m temperatur e fo r anaerobi c digestio n o f co w dun g i s abou t 35° C 
with a  cummulativ e ga s yield , afte r 2 0 day s o f digestion , o f 10 4 1/k g T S o r 4 
times th e yiel d a t roo m temperatur e o f 2 1 C  (Tabl e 1) . Betwee n 3 5 an d 45° C 
there i s marke d decreas e i n ga s extractio n bu t unde r thermophili c temperatur e 
of 55° C afte r a  slightl y longe r latenc y perio d (1 4 days) dail y ga s productio n rate s 
were mor e tha n twic e th e correspondin g value s o f digestio n a t 35°C . Unde r 
conditions reporte d here , optimu m batc h digestio n a t 35°C . Unde r condition s 
reported here , optimu m batc h digestio n o f co w dun g a t 35° C an d i n th e presenc e 
of starte r culture , woul d yiel d abou t 6  1  biogas/kg TS/ d afte r a  latenc y perio d o f 
one week . 

Table 2  give s result s o f chemica l analyse s o f digeste r inpu t an d outpu t afte r 
various period s o f digestion . Th e genera l fertilise r valu e o f th e slurr y compare d 
to th e fres h co w dun g i s no t diminishe d and , i f anything , improve d durin g 
digestion. Volatil e solid s an d T S ar e reduce d b y abou t 25 % during th e 6 5 day s o f 
digestion an d ga s productio n (m 3 pe r T S o r k g V S digested) i s o f th e orde r o f 0.6 . 
This represent s a  thermodynami c conversio n efficienc y o f 80 % fo r th e 
transformation o f T S to CH4 . 



- 3 0 5 -

Semi-continuous digestion o f co w dun g 

Laboratory studie s 

A 10 1 digeste r fitte d wit h inle t an d outle t deliver y tube s an d fille d t o a n 
effective volum e o f 7  1  wit h a  1: 1 co w dung/wate r slurr y an d 2.5 % starte r 
culture wa s use d fo r laborator y scal e experiments . Th e digester s wer e kep t a t 
ambient temperatur e (19-21°C ) an d agitate d onc e daily . Ga s productio n wa s 
monitored ove r 2 1 days . Afte r this , th e digester s wer e loade d wit h th e co w 
dung/water slurr y a t rate s varyin g fro m 87 g t o 1400 g (base d o n th e mea n 
retention tim e ( R T ) of 6.5 , 12.6 , 25.1 , 37.8 , 47.8 , 61. 4 an d 96. 2 days ) i n a  semi -
continuous mod e o f operatio n wit h dail y (excep t Sundays ) loadin g an d remova l o f 
slurry. Tota l solid s an d volatil e solid s (VS ) i n effluen t an d influen t wer e 
determined daily . Ga s productio n wa s followe d ove r a  fou r wee k perio d an d 
mean productio n (l/k g T S added , dig . vol. , Dy/d ) calculate d fo r th e las t thre e 
weeks. 

The cumulativ e ga s yiel d fo r th e las t thre e wee k perio d varie d fro m 33. 7 1  (96. 2 
d R T ) to 72. 5 1 . (6.5 d  R T) an d ga s productio n (l/k g T S added ) varie d linearl y (70 -
220 1/k g TS ) wit h R T (tha t is , y  =  1.8 5 R T +  33) varyin g fro m abou t 15-10 0 day s 
(Figure 1) . A t shorte r R T o r highe r loadin g rate , th e slop e i n th e ga s yiel d 
indicates a  minimu m R T o f fou r day s fo r th e successfu l operatio n o f a  semi -
continuous digestor . O n th e othe r hand , a  ga s yiel d i n term s o f Dy/ d agains t R T 
is a  hyperboli c curv e o n th e perio d 15-10 0 day s R T bu t slope s of f a t shorte r R T . 
Maximum yiel d unde r thes e condition s ar e observe d a t R T o f abou t 6  day s (o r 
0.45 Dy/d) . Extrapolatio n o f th e hyperboli c curv e fo r R T indicate s th e maximu m 
extractable bioga s unde r correspondin g batc h condition s t o b e abou t 0.2 1 Dy/d . 
This i s i n agreemen t wit h th e result s obtaine d o n batc h digestion . 

Field Studie s 

To verif y thes e result s a  digeste r wa s constructe d t o monito r bioga s yiel d an d 
characteristics unde r fiel d conditions . Th e desig n consist s essentiall y o f a  2m 8 

above groun d metalli c (stirre r fitted ) digeste r wit h a  floatin g ga s holder . I t wa s 
loaded wit h a  mixtur e (assumin g R T =  2 5 days ) an d operate d a t ambien t 
temperature (mea n o f 22° C fro m Januar y t o April , 198 4 wit h peak s o f 25°C) . 
The mixtur e wa s stirre d twic e dail y fo r 1 0 mins . 

Methane an d CO 2 content s wer e determine d a t regula r intervals . Test s o n th e 
possible utilisatio n o f thi s ga s (a ) i n a  conventiona l househol d ga s stov e modifie d 
to operat e o n bioga s an d (b ) t o ru n a  4  KW , 4  strok e singl e cylinde r diese l engin e 
modified t o accep t bioga s a s a  partia l substitut e t o diesel , wer e als o carrie d out . 

The result s i n Figur e 2  sho w tha t althoug h mea n ambien t temperatur e varie d 
between 2 1 an d 25°C , th e interna l digeste r temperatur e wa s 34° C wit h 
occasional afternoo n peak s o f 40°C . Suc h temperatur e fluctuation s ar e expecte d 
for tha t volum e o f wate r i n a  blac k metalli c containe r durin g tha t period . N o 
significant differenc e i n p H wa s observe d betwee n th e inpu t an d outpu t slurr y 
and i t remaine d a t aroun d 6.9 . Th e dail y ga s productio n rat e wa s 0. 5 di g vol/ d 
and i s twic e tha t obtaine d unde r laborator y condition s (a t 21°C ) show n i n 
Figure 1 . 
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Methane an d CO 2 content s wer e 4 5 and 55 % respectively, an d th e calorifi c valu e 
ranged betwee n 4  an d 5  k  cal/ 1 whic h i s t o b e expecte d o f a  ga s wit h th e abov e 
composition. 

The efficienc y o f th e modifie d stov e base d o n th e hea t outpu t (temperatur e ris e 
for a  give n weigh t o f water ) an d inpu t (calorifi c valu e an d volum e o f bioga s used ) 
ranged betwee n 6 0 an d 70% . Thi s i s highe r tha n th e efficienc y o f traditiona l 
kerosene cooker s (40-50%) . Diese l consumptio n i n th e singl e cylinde r engin e ha s 
been reduce d b y hal f a t idlin g spee d o f 150 0 rpm . Experiment s ar e underwa y t o 
reduce diese l consumptio n o f th e engin e an d operat e a t loa d conditions . 

Anaerobic digestio n of suga r cane fibrou s product s 

In th e firs t se t o f experiments , a n attemp t wa s mad e t o diges t fres h sample s o f 
cane top s an d leave s (CTL) , fibrou s residue s (FR ) an d bagass e (B ) an d thes e 
fibrous product s mixe d wit h 50 % co w dun g (T S basis) . Fres h co w dun g serve d a s 
a control . Al l th e mixture s wer e dilute d t o 8 % T S an d allowe d t o diges t (afte r 
innoculation wit h a  2.5 % starte r culture ) i n 4. 5 1  digesters a t roo m temperatur e 
(20-22°). 

Fresh suga r can e fibrou s product s prove d t o b e poo r substrate s fo r anaerobi c 
digestion. Ove r a  13 0 da y period , th e cumulativ e ga s yield , whic h range d fro m 8 
to 1 3 1/k g T S fo r th e 100 % treatment , wa s negligibl e compare d t o th e contro l 
(140 1/k g TS) . 

In th e subsequen t experiment , CT L wer e prepare d i n a  Jeffc o cutte r grinde r an d 
allowed t o compos t fo r 2 0 days , the n mixe d wit h differen t proportion s o f co w 
dung an d digeste d a s describe d above . Figur e 3  show s th e cumulativ e ga s 
production patterns . 

All th e curve s assume d a  genera l exponentia l shap e fo r th e firs t 4 0 day s wit h th e 
average bioga s yield s o f 1.5 , 1.6 , 1.7 , 0. 9 an d 0.1/k g TS/ d fo r treatment s I-I V 
respectively. Thi s wa s followe d b y a  la g phas e whic h wa s o f progressivel y longe r 
duration wit h increasin g proportion s o f CT L i n th e mixture . 

Cane top s an d leave s eve n whe n composted , ar e no t easil y biodegrade d althoug h 
they ma y hav e contribute d t o a  limite d exten t i n th e tota l bioga s yiel d i n th e 
various mixture s wit h co w dung . 

Finally, CT L wa s mixe d wit h differen t level s o f co w dun g an d filte r mu d (FM) . 
The variou s mixture s wer e allowe d t o diges t a t roo m temperatur e an d yiel d an d 
composition o f th e bioga s an d th e p H wer e monitore d a t interval s ove r 15 0 days . 

Figure 4  show s th e cumulativ e bioga s yiel d fro m th e mixtures . I n th e initia l 
phase o f digestio n unti l da y 50 , th e ga s yiel d fro m treatmen t 1  (cow dun g alone ) 
was highe r tha n an y o f th e othe r mixtures . A t da y 150 , th e cumulativ e ga s yiel d 
was 21 5 1/k g T S fo r treatment s 4  an d 2 , 19 5 fo r 3  an d 5 , 17 5 fo r 6  and 1  and 14 6 
for 7 . Additio n o f CT L an d F M to co w dun g appear s t o brin g abou t a n increas e i n 
gas yiel d onl y i n th e late r stage s o f digestion . 

The p H droppe d initiall y t o 6. 2 i n al l mixture s excep t co w dun g alon e (whic h 
remained betwee n 7. 1 an d 6. 8 throughout ) an d mixtur e 8  (whic h wa s belo w 5. 8 
until da y 140) . Significan t ga s liberatio n too k plac e concurrentl y wit h ris e i n p H 
in al l th e mixtures . 
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No significan t differenc e i n th e rati o C0 2/CH4 wa s observe d i n th e variou s 
mixtures over tha t period . 

From th e abov e experiments , i t ma y b e conclude d tha t fibrou s product s ar e i n 
general poor substrate s fo r anaerobi c digestio n an d have to underg o othe r form s 
of pretreatmen t prio r t o digestion . The y ar e thu s no t considere d i n th e nex t 
section dealin g wit h th e economi c aspect s o f bioga s productio n fro m co w dun g 
and utilisation . 

ECONOMIC ASPECTS 

The economi c aspect s o f usin g a cow dung based bioga s system fo r dail y cooking 
(effective) energ y requirements wer e examined . Th e total annua l charges (TAC) 
resulting fro m settin g u p and operatin g th e famil y bioga s plan t wit h th e annua l 
substitution valu e o f th e bioga s wer e compare d wit h th e presen t cost s t o th e 
consumer usin g various traditional cookin g fuels. Th e SAT I 2m3 digester use d in 
the fiel d trial s describe d earlie r an d a n India n KVI C undergroun d digeste r 
commissioned b y th e Rura l Developmen t Uni t (Ramdi n 1984 ) wer e use d i n th e 
evaluation. Bot h are mean t t o provide 1.5 m 3 o f ga s daily whic h woul d mee t th e 
daily cooking energy requirement of a  typical Mauritia n family . 

The expecte d lif t tim e (n ) of th e digester s i s 1 0 years , th e interes t rat e (i ) on 
borrowed capita l i s 12.5% , operatin g an d maintenanc e cos t (a ) i s 4 % an d th e 
fixed annua l charge s (FAC ) i s base d o n th e levelise d paymen t arrangemen t 
(Grant an d Ireso n 1984) . Th e tota l annua l charge s (TAC ) ar e give n b y th e 
formula 

where FC I i s th e fixe d capita l investment . Tota l annua l charge s fo r th e tw o 
models are shown in Table 3. I t i s assumed tha t th e cos t o f co w dung, labour fo r 
its handlin g an d storag e an d th e spen t slurr y i s zero. Th e TAC are include d fo r 
the SAT I model operating at R T =  10, 25 and 45 days which would require 64 , 53, 
and 4 3 k g o f co w dun g daily . Th e FC I o f thes e model s i s base d o n th e powe r 
relationship (Peters and Timmerhaus 1968): 

where V e =  effective volum e of required digester , and FCI actual = Rs 6000 for a 
digester 175 0 1 effective volume . 

The amoun t o f mone y spent b y the typica l Mauritia n famil y fo r cookin g purposes 
is, R s 420 , 1585 , 1880 , 271 0 an d 308 0 fo r firewood , kerosene , woo d charcoal , 
electricity an d LPG respectively (Baguan t e t a l 1984). 

Using th e KVI C model , th e famil y usin g firewood , kerosen e o r woo d charcoa l 
would suffe r a n annual net los s of R s 1825 , 771 or 50 6 respectively. Th e system 
seems onl y marginall y attractiv e fo r electricit y o r LP G user s wit h ne t 
differences o f R s 244 , o r 57 9 (o r 20 % o f th e domesti c cookin g energ y bill ) 
because such users belong to a class who can afford suc h a cooking energy bill . 
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With th e SA T I  mode l operate d a t hig h R T (of 4 5 days), th e sam e comment s a s 
above apply . Hov/ever , wit h reduce d R T, th e SA T I  mode l become s mor e an d 
more attractive t o users of high cost fuel s (electricit y an d LPG). Fo r exampl e a t 
RT =  25 days, th e ne t annua l benefits increase s t o 25 % of th e domesti c cookin g 
energy budge t fo r thes e tw o categorie s o f users . A t R T = 10 days (o r eve n 4- 6 
days) th e syste m become s attractiv e t o al l user s (excep t thos e usin g firewood ) 
with net benefits rangin g from 25 % for kerosene users to 57% for LP G users. 

The foreig n exchang e involve d i n th e constructio n an d installatio n o f th e SA T I 
model operated a t shor t R T would also be comparable t o tha t o f th e KVI C mode l 
(Rs 2800 and 3500 respectively). 

With som e furthe r refinement s i n th e operatio n o f th e SA T I  model , i t i s fel t 
that, wit h a  biogas plant o f 1. 3 m 3 effectiv e volum e costin g aroun d R s 5000 , i t 
would b e possible t o produce 1. 5 m 3 o f ga s daily . Successfu l operatio n o f such a 
unit (whic h i s unde r way ) woul d thu s enhanc e th e cas e fo r popularisin g bioga s 
technology in Mauritius. 

CONCLUSION 

It ha s been demonstrate d i n thi s stud y tha t i t i s technicall y feasibl e t o produc e 
biogas fro m co w dung. I t woul d b e economicall y attractiv e t o al l categorie s o f 
energy user s fo r cookin g purpose s whe n i t i s operate d a t shor t retentio n time s 
(10 day s o r less ) i n th e SA T I mode l whic h woul d involv e capita l investmen t o f 
around R s 500 0 an d tota l annua l change s o f R s 1027. Th e attractiveness o f th e 
family bioga s systems i n th e loca l contex t woul d increas e i f i t wer e possibl e t o 
produce 1. 5 m 3 o f ga s fro m a  digeste r o f 1. 3 m 3 effectiv e volum e which would 
require a  dail y suppl y o f 6 5 k g o f co w dun g (slightl y highe r tha n th e 5 0 k g 
required i n the KVI C model). 

Such a  system , i f successfull y popularised , woul d brin g about significan t saving s 
in foreig n exchang e require d fo r importin g kerosen e an d would , a t th e sam e 
time, diminis h th e deforestatio n pressures . However , hast y marketin g o f 
technically inappropriat e o r economicall y unattractiv e famil y bioga s system s 
carries wit h i t seriou s risk s o f disenchantmen t an d backlas h agains t bioga s 
technology as a whole . Fo r example as shown in this study, biogas produced fro m 
the KVI C model is not competitiv e wit h eithe r kerosen e o r woo d charcoal unless 
massive levels of governmen t assistanc e i s envisaged. Accumulatio n o f materia l 
at th e botto m o f th e pi t (underground ) whic h woul d bloc k digeste r operatio n an d 
necessitate particularl y difficul t clea n up procedures, is a technical proble m tha t 
has yet t o be resolved. 
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TABLE 1: Batc h digestion of cow dung 

Experiment 

Effect o f 
starter 
culture 

Effect o f 
dilution 

Effect o f 
particle 
size 

Effect o f 
temperature 

Temp 

°C 

28 
28 

28 
28 
28 

23 
23 
23 
23 

F 2 3 
M 2 3 
C 2 3 

21 
30 
35 
40 
45 
55 

Starter 
culture 

% b y W t 

0 
2.5 
5.0 
7.5 

10.0 

2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

TS 
% b y W t 

10.0 
10.0 
10.0 
10.0 
10.0 

2.5 
5.0 
7.5 

10.0 

10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

Cumulative ga s yiel d 
(1/kgTS) 

20 days 4 0 day s 

10.1 
76.0 
80.6 
83.0 
83.1 

23.0 
25.0 
26.0 
26.0 

30.4 
28.4 
25.0 

26.0 
68.0 

104.0 
64.0 

9.6 
76.6 

36.7 
133.0 
138.0 
140.0 
137.0 

63.0 
65.0 
64.0 
70.0 

87.4 
73.0 
65.0 
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Total annua l charge s 

v e ( 1 ) 

Daily co w dun g 
required (k g fresh ) 

FCI (Rs ) 

FAC (Rs ) 

Op & M (Rs ) 

TAC (Rs ) 

10 

1280 

64 

4670 

840 

187 

1027 

SAT I mode l 

Retention tim e (days ) 

25 

2645 

53 

8350 

1503 

334 

1837 

45 

3855 

43 

11,300 

2034 

452 

2486 

KVIC undergroun d 
model 

40 

3800 

50 

10,000 

1806 

400 

2206 

Net annua l benefit s (Rs ) 

Firewood* 

Kerosene* 

Wood charcoal * 

Electricity* 

LPG* 

-647 

408 

673 

1423 

1758 

-1457 

-402 

-137 

613 

948 

-1056 

-1051 

-786 

-36 

299 

-1826 

-771 

-506 

244 

579 

If abov e fue l use d throughou t th e yea r fo r cooking , th e annua l expense s 
are: R s 420 , 1585 , 1880 , 271 0 an d 308 0 respectively . 

TABLE 3 : Tota l annua l charge s an d ne t annua l benefit s i n 
using biogas fo r th e SA T I and KVI C digeste r model s 

* 
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FIGURE 1: R T, V/S gas production for semi continuous digester 

FIGURE 2: Performanc e o f family size semi-continuous digester 
(SAT-I model) 
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FIGURE 3: Batc h digestion of composted CTL mixed with 
different level s of cow dung (cumulative) 

FIGURE 4: Cumulativ e biogas yield from differen t treatment s 
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