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ABSTRACT 

Past effort s t o exten d bioga s technolog y hav e no t bee n ver y successful . Th e 
technology i s complicated , selectio n o f appropriat e site s need s t o b e carefull y 
planned b y experience d specialists , an d bioga s know-ho w mus t b e transferre d t o 
the village s concerned . Th e Bioga s Extensio n Strateg y describe d her e aim s t o 
instruct villag e artisan s i n th e constructio n o f chea p an d appropriat e bioga s 
plants. 

BIOGAS TECHNOLOGY I N TANZANI A 

Since th e beginnin g o f 198 4 CA M ARTEC ha s bee n stressin g th e extensio n o f 
biogas plant s (BGP ) i n Tanzania . Activitie s dat e bac k t o 1974 . Man y 
demonstration plant s hav e bee n se t up , technician s traine d an d muc h mone y 
spent. Unfortunately , a  grea t numbe r o f plant s ar e no t working . 

MISTAKES IDENTIFIED I N FORME R BIOGA S PROGRAMME S 

A wid e rang e o f mistake s hav e bee n identified , whic h ca n b e divide d int o thre e 
main fields : 

1. Selectio n o f locations . Man y plant s hav e bee n se t u p a t place s whic h d o 
not fulfi l th e criteri a fo r successfu l operation . Ofte n i t wa s difficul t t o 
transport th e require d amoun t o f dun g o r i t wa s easie r an d mor e logica l t o 
use othe r source s o f energy . 

2. Technica l mistakes . Man y plant s ar e no t workin g du e t o inappropriat e 
design o r poo r workmanship , especiall y i n th e part s tha t nee d t o b e 
gastight suc h a s th e gasholde r an d th e piping . 

3. Trainin g o f involve d person s an d follo w u p supervision . Ver y ofte n th e 
basic technica l knowledg e i s no t clea r t o th e users . Therefor e smal l 
mistakes i n th e operatio n o f th e plant , th e lam p an d th e burne r ar e ver y 
common, th e accumulatio n o f whic h ca n easil y lea d t o a  fina l failure . 

PRECONDITIONS FO R SUCCESSFU L BIOGA S EXTENSION PROGRAMM E 

In developin g a  ne w bioga s extensio n programme , criteri a wer e lai d dow n t o 
overcome pas t problems . 
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Criteria o f suitabilit y fo r locating a  biogas plant 

Among th e mos t importan t prerequisite s fo r a  successfu l programm e fo r bioga s 
diffusion ar e th e following : 

i. Hig h populatio n densit y whic h create s pressur e o n availabl e energ y 
sources. 

ii. Sufficien t vegetatio n densit y t o allo w cattl e rearin g i n stable s withou t 
recourse t o grazing . 

iii. Concentrate d anima l husbandr y -  fo r instanc e thre e catt l e confine d t o a 
stable fo r 2 4 hours a  da y a s a  minimum . 

iv. Hig h intensit y o f lan d usag e t o creat e a  nee d fo r fertiliser s an d 
systematic disposa l o f wastes . 

v. A  sufficien t degre e o f monetarisatio n o f th e farmin g econom y s o tha t 
there i s a n economi c incentiv e fo r digeste r constructio n an d th e us e o f 
gas an d fertiliser . 

vi. A  technica l capabilit y fo r bric k o r concret e constructio n an d a  leve l o f 
technical awarenes s sufficien t t o operat e an d maintai n a  digester . 

Digester desig n 

Digesters distribute d i n Tanzani a ar e eithe r copie s o f th e India n technolog y 
where th e ga s i s stored i n a  floatin g dru m o r a  modifie d India n Plant . Th e latte r 
while muc h cheape r i s extremel y unreliable , becaus e scra p meta l use d t o mak e 
the gasholde r corode s quickly . Th e hig h cost s o r unreliabilit y ar e th e mai n 
reasons wh y individual s hav e no t copie d demonstratio n plants . 

This firs t extensio n tria l di d no t includ e Chines e fixe d dom e technology . Th e 
advantage o f th e fixe d dom e technolog y i s tha t almos t n o steelwor k i s involved . 
This reduce s th e cost s o f material s an d make s th e settin g u p an d th e supervisio n 
easier. However , th e constructio n o f a  fixe d dom e i s difficul t an d require s 
trained masons . Thu s introductio n o f suc h a  bioga s plan t mus t includ e trainin g o f 
local artisan s i n specifi c buildin g technique s t o ensur e tha t th e uppe r par t o f th e 
fixed dom e i s crac k resistant , gastigh t an d ca n stan d changin g pressures . Th e 
workmanship mus t follo w precis e specification s t o functio n correctly . 

Provided appropriat e trainin g an d supervisio n wer e mad e available , th e Chines e 
fixed dom e bioga s plan t wa s fel t th e mos t suitabl e t o rura l Tanzani a an d thi s 
technology form s th e basi s o f th e bioga s extensio n projec t describe d below . 

Sensitive engineerin g 

The practica l developmen t o f bioga s technolog y require s no t onl y technologica l 
know ho w bu t als o experienc e o f th e tradition s o f th e targe t group , an d 
especially o f user s reactio n t o thi s technology . Appropriat e technolog y evolve s 
through learnin g fro m mistake s an d drawin g conclusion s fro m failures . 

Extendable technolog y canno t b e achieve d b y copyin g system s tha t prove d 
successful i n othe r countrie s o r cultures . Instea d o f instructin g farmer s ho w t o 
make a  bioga s plan t b y themselves , potentia l user s mus t hav e th e opportunit y t o 
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buy technolog y appropriat e t o thei r situatio n an d culture . Therefor e a  suppl y o f 
good qualit y bioga s plant s ha s t o b e develope d i n cooperatio n wit h th e targe t 
users. Experience d expert s mus t b e availabl e t o advis e an d supervis e t o ensur e 
the plan t i s se t u p properly . And  thes e skill s ma y b e transferre d t o loca l artisan s 
who wil l the n promot e an d exten d th e disseminatio n o f th e technolog y withi n 
their communities . 

STANDARDISED FAMIL Y UNITS 

For a  famil y siz e bioga s plan t t o b e accepte d th e engineerin g inpu t mus t b e 
reduced. Therefor e CA M ARTEC develope d thre e standardise d fixe d dom e BG P 
of differen t capacitie s an d provide s trainin g o f technician s an d loca l artisan s i n 
their construction . Figur e 1  i s a n exampl e o f th e desig n specificatio n fo r a 
CAM ARTEC fixe d dom e bioga s plant . Table s 1- 3 sho w th e requirement s an d 
present cost s fo r construction . 

BIOGAS PLANT AND STABLE WITH CONCRETE FLOOR FORMING A  "UNIT" 

To reduc e maintenanc e requirement s an d dail y wor k input , th e family-siz e BG P 
is directl y connecte d t o a  stabl e wit h concret e floor.  Twic e a  da y th e dun g i s 
mixed wit h th e urin e whic h ha s accumulate d i n a  cana l i n th e stable . I t ha s t o 
move dow n int o th e digeste r throug h a  4 " pipe . T o make , it liqui d enoug h i t ca n 
be mixe d wit h alread y digeste d sludg e whic h i s take n fro m th e expansio n 
chamber. Wate r ca n als o b e used , bu t i t ha s th e disadvantag e tha t i t ha s t o b e 
carried fo r a  lon g distance i n mos t cases . 

In th e cas e o f a n existin g stabl e wit h a  dun g o r soi l floor , a  concret e floor  wil l 
have t o b e constructe d eve n i f i t increase s th e cost s b y abou t 20% . Th e concret e 
floor wil l ensur e a  100 % urin e an d dun g collection , a n eas y fillin g o f th e plan t 
and help s t o avoi d stone s an d san d fro m enterin g th e digester . 

In genera l th e increas e i n investmen t cost s i s justified , i f i t help s t o reduc e th e 
daily wor k inpu t an d increase s th e reliabilit y o f th e system . 

METHOD OF DIFFUSIO N 

If a  technicall y appropriat e solutio n i s found , a  metho d o f disseminatin g th e 
technology i s essential . I n genera l ther e ar e tw o methods . Th e firs t on e i s t o 
establish a  tea m o f artisan s withi n a n organisatio n tha t supplie s individua l 
customers. Thi s increase s th e cost s an d automaticall y th e customer s wil l mainl y 
be bi g farmers . 

The secon d wa y i s t o trai n artisan s wh o liv e i n area s tha t compl y wit h al l th e 
feasibility criteria . I f th e supplie r live s i n th e neighbourhood , th e deman d fro m 
surrounding farmer s wil l follow . Mos t customer s wil l b e small-scal e farmer s 
with a n additiona l sourc e o f income . 

The secon d approac h seem s t o b e th e mor e complicate d on e an d wil l therefor e b e 
described i n mor e detail . Th e ai m i s t o suppl y a s man y farmer s a s possibl e wit h 
BGPs an d a t th e sam e tim e t o transfe r th e kno w ho w t o loca l artisan . 

The programm e i s carrie d ou t i n thre e mai n steps : 

1. A  survey i s conducted t o estimat e th e potentia l o f farm s suite d t o operat e 
a BGP . A  questionnair e i s use d t o determin e th e energ y situation , th e 
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farming system , th e availabilit y o f digestabl e materia l an d wate r an d th e 
financial situation . 

2. Wher e a  deman d fo r BGP s i s identifie d th e technolog y wil l b e introduce d 
to th e villag e governmen t an d intereste d farmers . Thi s wil l b e don e 
either b y settin g u p a  smal l transportabl e demonstratio n uni t whic h 
supplies a  smal l amoun t o f ga s o r b y organisin g a  sit e visi t t o a n operatin g 
BGP. 

3. Selectio n o f a  suitabl e sit e wher e th e firs t uni t o f th e particula r villag e i s 
installed. Th e constructio n i s don e b y tw o artisan s fro m th e villag e an d 
supervised b y CA M ARTEC Bioga s Extensio n Servic e wh o wil l b e 
conducting o n th e jo b training . Experienc e ha s show n tha t deman d follow s 
initial construction . 

Supervision ca n b e reduce d a s successiv e plant s ar e constructed . Th e villag e 
artisans ar e th e mai n supplier s t o satisf y th e demand . 

To eas e an d accelerat e th e proces s fo r th e individua l farme r o f purchasin g th e 
requested buildin g material , CAMARTE C i s establishin g a  materia l suppl y stor e 
which als o supplie s lamp s an d burners . A  ste p i n th e futur e wil l b e als o t o 
produce thes e i n th e country . 

The othe r tas k o f CAMARTEC , withi n thi s strategy , i s t o advis e o n individua l 
biogas problems , e g planning , construction , feeding , ga s production , ga s 
consumption, us e o f sludg e an d maintenance . 

PRELIMINARY DIFFUSIO N ARE A 

In th e Arush a region , a n are a o f 20 0 s q k m wa s identifie d a s satisfyin g th e 
criteria fo r introducin g bioga s technology . Ther e ar e roughl y 700 0 farm s i n thi s 
area an d 20,00 0 head s o f lifestoc k o f whic h a t leas t 50 % are kep t i n stables . Te n 
per cen t o f th e farmer s wer e definitel y intereste d i n bioga s technolog y an d coul d 
afford th e technology . 

COSTS AND BENEFIT S 

The investmen t cost s ar e comparativel y high . Howeve r convertin g th e amoun t 
of ga s produce d int o commercia l energie s whic h represen t th e familie s newl y 
achieved standar d o f living , a  bioga s plan t woul d brea k eve n i n 3- 4 years , 
including runnin g cost s an d interes t repayments . 

However, farmer s an d especiall y th e farmers ' wive s hav e identifie d shorter-ter m 
criteria i n suppor t o f installin g a  BGP : 

i. Th e increasin g difficult y o f gettin g firewoo d an d kerosene . 

ii. Quic k an d reliabl e preparatio n o f smal l thing s lik e te a a s wel l a s th e 
normal cooking . 

iii. Ligh t i n th e evening . 

Farmers intereste d i n obtainin g BGP s hav e tende d t o b e innovativ e an d busines s 
oriented. Th e firs t fou r farmer s starte d t o conver t surplu s energ y int o 
marketable foo d products , e g brewin g loca l beer , bakin g brea d o r pancakes , o r 
roasting thei r ow n coffe e i n orde r t o sel l it . 
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Figure 2  estimates th e precondition s t o expec t a n excessiv e suppl y o f ga s an d th e 
capacity o f BG P to satisf y th e need s o f farm s o f differen t sizes . 

THE FERTILISER 

The sludg e fro m BGP s i s a  ver y goo d fertiliser . While  no t alway s include d amon g 
the benefit s o f th e bioga s technolog y an d unde r utilised , it s advantage s includ e 
the following . 

i. Wit h zero-grazin g an d confine d t o a  stabl e wit h concret e floors , al l 
wastes fro m th e animal s ar e collected . 

ii. Th e sludg e fro m th e digeste r contain s th e sam e amoun t o f nitroge n a s th e 
original manure . Traditiona l way s o f storin g manur e result s i n majo r 
losses o f nitrogen . 

iii. Ther e i s n o ris k fro m contaminatio n b y chemical s an d th e fertilise r i s 
easily assimilate d b y plants . 

iv. Slurr y fertilise r doe s no t smel l o r a t t rac t flies. 

Nevertheless, onl y a  minorit y o f BG P owners utilis e thi s fertiliser . I t seem s tha t 
the disadvantage s ar e majo r a s follows : 

i. Transportatio n o f liqui d slurr y i n wheelbarrow s o r i n bucket s i s difficult . 

ii. Ther e i s ru n of f an d therefor e los s o f fertiliser . 

iii. Th e fertilise r i s mos t effectiv e whe n applie d t o roots , unde r we t an d 
cloudy conditions , a t th e stag e o f intensiv e plan t growth . Thes e pre -
conditions occu r seasonall y whil e sludg e i s produce d continuously . 

The Bioga s Extensio n Programm e ha s t o incorporat e thes e findings . 

STEPS IN THE FUTUR E 

The Bioga s Extensio n Programm e i n th e Arumer u Distric t wil l b e extende d t o 
other suitabl e areas . Fo r success , th e followin g aspect s nee d furthe r 
emphasising: 
1. Involvemen t o f privat e entrepreneur s i n plant s an d constructio n o f 

accessories. 
2.Surveys t o estimat e th e potentia l numbe r o f farm s suitabl e 

for bioga s plan t operation . 
3. Developmen t o f teachin g aid s an d regula r trainin g fo r furthe r trainin g o f 

artisans an d technicians . 
4. Establishmen t o f a  maintenanc e team . 
5. Ensur e exper t advic e o n al l field s involve d i n th e technolog y wit h th e hel p 

of appropriat e booklet s an d wel l equippe d advisers . 
6. Continuou s reassessmen t an d improvemen t o f standardise d plants . 
7. Developmen t o f prefabricate d buildin g material . 
8. Developmen t o f method s an d instrument s fo r appropriat e us e o f fertiliser . 
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TABLE 2: Material s and other requirements including 
costs per constructing the stable floor 

Item 

Type o f stabl e 

Unit Co w shed or 
sheep pen Pi g sty 

amount/(10m2) pric e (TSH) amount/(10m 2) pric e (TSH) 

Cement 

Sand stone s 

Mason 

Helper 

TOTAL per 10 

bags 

kg 

m2 

3 

2000 

600 

1000 

300 

200 

2100 

5 

4000 

1000 

2000 

500 

300 

3800 

TABLE 3: Ga s consumption accessories 

Item 

Burner 

Lamp 

Pipe 1/2 " 

Pipe 3/4 " 

lm* 

lm* 

Purchased throug h 

CAMARTEC 

CAMARTEC 

CAMARTEC 

CAMARTEC 

price (TSH ) 

700 

500 

80 

110 

Average price, including fittings an d one valve and the installatio n work . * 
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FIGURE 1: CAMARTE C fixed dome biogas plant digester: 
8 cbm volume with 1.3 cbm gas storage 
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FIGURE 2; Mean s for first estimating the appropriate standard unit. 

All figures ar e related t o th e describe d uni t an d th e cookin g habit s o f th e peopl e 
in Arumeru Distric t o f Tanzania . 
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