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ABSTRACT 

The substitutio n o f petro l b y bioga s a s fue l i n conventiona l combustio n operate d 
engines doe s no t pos e an y insurmountabl e problem s bu t require s adaptatio n work s 
and th e establishmen t o f th e procedure . Thi s pape r identifie s th e importan t 
factors t o b e take n int o accoun t i n suc h a  study . 

The feasibilit y o f producin g an d utilisin g bioga s fue l i n rura l area s o f th e 
Sahelian zon e i s analysed . A  5h p moto r pum p suitabl e fo r smal l irrigatio n 
projects, adapte d t o ru n o n bioga s i s described . Overal l performanc e o f th e 
water pum p i s evaluate d an d compare d wit h petro l use . A s bioga s i s no t purifie d 
(30% t o 40 % C02 ) engin e performanc e i s lowe r bu t wate r pumpin g efficienc y i s 
still highl y sel f sufficien t fo r energ y base d onl y o n loca l resources . 

INTRODUCTION 

The rapi d an d intensiv e developmen t o f smal l irrigate d plot s i n th e Casamanc e 
and th e Senega l rive r valley s a s wel l a s th e larg e OMV S (Organisation d e Mis e e n 
Valeur d u fleuve  Senegal ) an d OMV G (Organisatio n d e Mis e e n Valeu r d u fleuv e 
Gambie) scheme s fo r th e irrigatio n o f severa l hundre d thousan d hectare s i n Mali , 
Senegal, an d Mauritania , requir e a  perfec t master y o f irrigatio n i n isolate d area s 
where shortage s i n petro l an d ga s oi l supplie s ar e liabl e t o occur . 

The us e o f independen t energ y source s i s therefor e a  priorit y fo r th e successfu l 
development o f thes e importan t agricultura l valleys . Th e compost-bioga s 
procedure offer s grea t advantage s i n tha t i t constitute s a  minima l "energ y 
capital" (beside s producin g organi c fertilisers) . W e have studie d th e nee d fo r an d 
carried ou t th e adaptatio n o f petro l engine s t o biogas . A  biogas productio n uni t 
and th e adaptation s an d operatin g characteristic s o f a  5  hp motor-pum p fe d wit h 
biogas ar e describe d below . 

BIOGAS UNIT 

The bioga s uni t develope d i s a  batc h syste m whos e managemen t an d operatio n 
seems t o b e bette r suite d to , an d mor e easil y carrie d ou t i n Sahelia n areas . I t 
includes tw o digester s (diamete r =  1.6m , heigh t =  2m ) i n reinforce d concrete , 
buried accordin g t o th e IRA T typ e (Viau d 1983 , 1984) (Figure 1) . 

In thi s system , th e productio n o f bioga s start s a  fe w day s afte r th e digeste r ha s 
been loade d an d closed , the n stop s whe n fermentatio n end s afte r 50-8 0 days . 
Over thi s period , bot h th e bioga s productio n an d it s methan e conten t wil l a t firs t 
rise fo r approximatel y on e week , the n stabilis e an d finall y decline . 

The uni t produce s a n averag e o f 2  cubi c metre s o f bioga s pe r day . Th e methan e 
content o f th e bioga s varie s wit h th e substanc e use d fo r fermentation . Sinc e ou r 
unit wa s i n a n urba n are a w e use d waste s fro m Dakar' s slaughter-hous e whic h 
were readil y availabl e o n a  regula r basis . Thi s als o enable d u s t o carr y ou t a n 
interesting wast e disposa l experiment . Waste s fro m cattl e paunche s begi n t o 
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ferment ver y easil y an d quickl y sinc e th e fodde r ha s alread y bee n chewe d the n 
pre-digested fo r man y hour s befor e cattl e wer e slaughtere d (Petitcler c an d 
Leclercq 1984) . 

Biogas analysi s i s performe d b y ga s chromatography . Methan e an d carbo n 
dioxide conten t varie s i n th e cours e o f th e fermentation : lo w methan e conten t 
at th e ver y beginnin g o f th e cycl e (50 % CH4 , 50 % CO 2), mediu m methan e 
content i n th e initia l an d fina l stage s (65 % CH4) an d hig h methan e conten t i n th e 
middle o f th e cycl e (70 % CH4) . I t shoul d b e note d that , wit h th e productio n o f 
biogas fro m th e waste s o f cattl e paunch , ther e i s a  hig h methan e productio n ove r 
a majo r par t o f th e cycle , sinc e percentage s abov e 80 % o f CH 4 hav e bee n 
recorded. O n th e othe r hand , cattl e paunc h waste s produc e quit e a  hig h 
percentage o f hydroge n sulphide . Thi s ma y b e du e t o th e presenc e o f cotto n 
seeds i n th e cattl e cak e use d fo r feed . 

Since bioga s i s use d t o replac e standar d fuels , i t ma y b e usefu l t o compar e it s 
physical an d calorifi c propertie s wit h thos e o f othe r standar d fuels . Thes e ar e 
summarised i n Table 1 . 

OPERATIONS WIT H BIOGAS 

In principle , th e replacemen t o f petro l b y bioga s ca n b e don e withou t majo r 
difficulties. However , i n practice , problem s wil l aris e becaus e th e qualit y o f 
biogas varie s wit h tim e whil e thos e o f petrol , ga s oi l o r LP G (liqui d petroleu m 
gas) remai n constant . 

Under thes e conditions , a  larg e numbe r o f element s an d differen t parameter s 
should b e take n int o accoun t whe n adaptin g petro l engine s t o bioga s (Ano n 1983 ; 
Liddon 1982 ; Liddo n an d Sol a 1982) . Thes e include : ignitio n advance ; sparkin g 
plugs; carburation ; compressio n rate ; ga s inle t pressure ; therma l constraints ; 
biogas methan e content ; corrosion ; purification ; moisture ; dust ; startin g 
conditions; permanen t o r temporar y operation s an d dua l workin g condition s 
(petrol an d biogas) . 

Taking al l thes e element s int o account , carryin g ou t thoroug h analysi s o f thei r 
effects an d interaction s an d optimisin g th e parameter s tha t ca n b e checke d an d 
adjusted i s a  highl y comple x tas k an d generall y lead s t o costl y solutions . 

In vie w o f condition s prevailin g i n th e Sahel , thes e problem s hav e bee n tackle d 
pragmatically, an d th e mos t economica l an d simples t modification s hav e bee n 
devised t o ensur e valuabl e operation s o n standard , an d therefor e inexpensiv e 
equipment. 

MOTOR PUM P UNI T 

The motor-pum p uni t modifie d fo r us e i n thes e test s consist s o f a  5  h p Brig g & 
Stratton petro l engin e wit h a  capacit y o f 20 6 c c (Prevera l 1983) . I t i s a n air -
cooled monocylinde r wit h ignitio n b y magneti c whee l an d a  rollin g strin g starter . 

The origina l petro l suppl y i s provide d b y a  "pulse-jet " membran e pump . A  spee d 
regulator i s centrifuga l an d act s o n th e throttl e valve . Ther e i s a n oi l foa m 
model ai r filter . Th e pum p fitte d an d delivere d wit h th e moto r uni t i s a 
Grotherm centrifuga l pum p ( L Barrer e &  C o builder) . Th e bod y o f th e pum p 
consists o f a  polyeste r mono-block . Th e diameter s o f th e inle t an d outle t 
nozzles ar e 1.5 " (40/49mm) . 
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The tes t be d i s shown i n figur e 2 . I t consist s o f a  6  cubi c metr e suppl e tarpauli n 
storage uni t a t atmospheri c pressur e an d a  1. 2 cubi c metr e gasomete r uni t unde r 
a pressur e o f 5  cm o f water . Befor e bioga s i s used , H 2S i s remove d b y mean s o f 
a stee l woo l filter . Thi s i s essentia l t o preven t th e ver y rapi d corrosio n o f 
copper an d allo y engin e parts . Th e bioga s consumptio n o f th e motor-pum p i s 
measured b y mean s o f a  gasmete r suitabl e t o measur e ga s deliver y betwee n 5 0 
1/h an d 3. 5 m 3 /h. 

Simulating th e locatio n o f th e wate r storag e tan k an d variabl e irrigatio n 
conditions i s don e b y mean s o f a  se t o f 20 0 1  drums i n whic h wate r i s recycle d 
and rat e o f flow  measured . Manometri c heigh t ca n b e varie d fro m 3  t o 3 0 
metres b y adjusting a  bushe l gat e i n th e pum p outlet . 

ENGINE MODIFICATION S 

The mos t significan t adaptatio n o n th e motor-bloc k consist s o f changin g th e 
original inle t pip e i n orde r t o allo w fo r th e direc t injectio n o f ga s int o th e 
cylinder. Thi s i s show n i n Figur e 3 . Th e intak e pip e i s replace d b y a  3/4 " elbo w 
in galvanised metal . Th e origina l flange s ar e re-welde d an d a  3/8 " pip e i s braze d 
on th e elbo w s o tha t ai r an d bioga s ma y flo w i n a t righ t angles , thu s ensurin g a 
homogeneous air-bioga s mixture . Th e locatio n o f th e exhaus t pip e ha s bee n 
changed b y turnin g th e outle t downward s t o drai n of f condensatio n wate r an d 
prevent i t fro m flowin g bac k int o th e engin e whe n i t i s off . 

In thi s engine , th e ignitio n advanc e canno t b e adjusted . I t ha s bee n slightl y 
advanced fro m 18 ° t o 22 ° b y increasin g spar k ga p spacin g o n th e primar y circuit , 
to th e detrimen t o f sparkin g quality . Th e spar k spacin g o f th e plu g whic h wa s 
initially 0.76m m wa s reduce d t o 0.50mm . 

Biogas intak e i n th e mixin g chambe r i s a t atmospheri c pressure . A n increas e o f 
5 c m o f wate r ca n b e achieve d b y passin g th e bioga s ove r th e bel l gasometer . 
This result s i n a n increas e o f engin e powe r an d speed . 

In th e cours e o f ou r firs t tests , th e engin e wa s starte d b y mean s o f petrol . 
Biogas wa s the n use d a s soo n a s th e engin e wa s hot . Ou r subsequen t test s hav e 
proved tha t i t wa s possibl e t o star t th e engin e directl y usin g bioga s provide d th e 
intake pressur e wa s ni l (bioga s a t atmospheri c pressure) , an d th e bioga s inle t wa s 
open slightl y afte r th e engin e wa s starte d a t hal f cours e o f th e strin g o f th e 
rolling-starter. Th e possibilit y o f usin g bioga s t o star t th e engin e i s quit e 
advantageous i n s o fa r a s th e carburettor , whic h i s a  costl y engin e part , ca n b e 
removed. 

Although a n increas e o f th e compressio n rat e i s desirable an d recommende d wit h 
biogas i n orde r t o increas e th e performanc e o f th e engine , thi s ha s no t bee n 
examined becaus e th e technologica l desig n o f th e motor-pum p woul d no t 
withstand an y increas e i n mechanica l stresses . 

The effec t o f th e variatio n o f CO 2 concentratio n i n biogas i s quite significant ; a t 
the beginnin g o f th e fermentatio n cycle , i n particular , whe n th e ga s ha s a  lo w 
methane content , i t i s mor e difficul t t o star t th e engine . Furthermore , th e 
rotation spee d i s lower tha n wit h a  hig h methan e conten t bioga s (70 % to 80%) . 
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EXPERIMENTAL RESULT S 

In orde r t o compar e th e operatin g condition s wit h petro l an d biogas , w e hav e 
recorded a  certai n numbe r o f characteristi c parameter s i n Tabl e 2  and Figur e 4 . 
The result s presente d her e an d th e experiment s describe d b y variou s researcher s 
(Leduc 1983 ; Lefevre 1981 ; Liddon 1982 ; Liddo n an d Sol a 1982 ) sugges t tha t th e 
replacement o f petro l b y bioga s i s a  feasibl e technologica l process . Tabl e 2 
shows tha t th e operatin g parameter s ar e ver y similar , excep t fo r temperatur e 
and th e C O rate i n exhaus t fumes . 

However, a  stric t compariso n o f th e tw o suppl y type s i s difficult , sinc e th e 
nominal spee d o f a  petrol-fe d engin e i s 300 0 rp m whil e th e tes t wa s carrie d ou t 
at 200 0 rpm . Thi s i s clea r i n Figur e 4  whic h show s tha t th e rat e o f flo w an d th e 
manometric heigh t o f th e pum p "fall " completel y whe n th e pum p operate s a t 
2200 rpm . Thi s ca n b e improve d bu t wil l ad d t o th e cos t o f th e motor-pump . 

CONCLUSION 

The presen t tendenc y i s fo r engin e builder s t o manufactur e unit s tha t ar e well -
suited t o bioga s (specia l alloys , cerami c parts) . Thes e unit s mus t tak e int o 
account th e powe r los s du e t o thei r fue l an d th e presenc e o f harmfu l gase s (H 2S), 
but thi s significantl y increase s th e cost . Fo r th e sam e reasons , carbo n dioxid e 
and wate r vapou r shoul d b e remove d fro m bioga s t o achiev e a  20 % t o 50 % o r 
even 60 % increas e o f th e calorifi c value . However , purifier s ar e costl y an d 
require consumabl e material s fo r thei r operation . 

It i s also possibl e t o supercharg e th e engin e i n orde r t o improv e th e efficienc y o f 
biogas engines . Anothe r possibilit y i s th e us e o f electroni c ignition , whic h wil l 
adjust ignitio n advanc e i n rea l tim e accordin g t o operatin g conditions , fo r th e 
same purpose . Unfortunately , al l thes e improvement s involv e a n increas e i n 
costs an d th e us e o f sophisticate d technologie s wit h recurren t adjustment , 
maintenance an d operatin g difficulties . 

Under thes e conditions , i t appear s mor e "acceptable " an d perhap s mor e 
beneficial i n th e shor t term , t o los e 30 % o f th e outpu t wit h otherwis e standar d 
and reliabl e equipmen t tha n t o manufactur e mor e efficien t ye t mor e costl y an d 
less reliabl e equipment . I t i s therefor e urgen t t o defin e th e mean s t o reac h a 
compromise solutio n s o tha t isolate d an d low-incom e rura l area s ca n gai n acces s 
to mean s o f production . 

In th e cas e o f th e motor-pum p uni t presente d here , a  grea t degre e o f freedo m i s 
available wit h th e fittin g o f th e engin e an d th e pump . I t i s therefor e possibl e t o 
fit ou t a  pum p suite d fo r a  3  h p engin e an d a  200 0 rp m spee d wit h a  5  hp engine . 
Technological adaptation s shoul d b e carrie d ou t alon g thes e line s i f w e ar e t o 
meet urgen t need s a s rapidl y a s possibl e (Lagrang e 1979) . 

In th e middl e term , th e numerou s team s tha t ar e tacklin g th e problem s o f bioga s 
engines wil l succee d i n developin g economica l an d efficien t model s a s soo n a s 
the marke t i s guaranteed, an d researc h int o th e perfectio n o f ne w prototype s ha s 
advanced. 

This proble m alway s arise s wit h technologica l progress . Fo r example , th e petro l 
engine wa s mad e mor e an d mor e reliabl e an d efficien t ove r th e pas t hundre d 
years throug h sligh t o r considerabl e improvements . However , th e researc h work , 
which i n les s tha n 5  year s brough t abou t a  2 0 t o 30 % decreas e i n fue l 
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consumption, was undertaken an d carried ou t successfull y onl y becaus e externa l 
constraints wer e becomin g unbearable . Th e histor y o f th e petro l engin e prove s 
that i t i s quite possibl e t o develo p totall y reliabl e bioga s engine s whic h ar e a s 
easy to use as the present petrol engine. 
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FIGURE 1: Genera l diagram of the biogas unit 

A - digestor on loading B  - empty digestor C  - gasometer bell 

D - tarpaulin gasometer E  - raw material and compost storage area 

F - control panel G, H - biogas outlet and connecting pipes 

i - stopping grid j  - airtight plastic to p cover 
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FIGURE 2: Tes t bed with simulated recycling tank and irrigation system 

A - moto r pump unit B  - gasmeter C  - H 2S filter D  - drums set 

E - inle t pipe F  - outlet pip e (variable height simulation ) 

G - gasometer bel l and tarpaulin storag e 
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FIGURE 3: Assembl y of the modifie d intak e pipe 

A - 3/4 " elbow tube replacing the original inle t 

B - 3/8 " biogas inlet pipe welded on the air pipe 

C - biogas vane D  - air filte r E  - original carburetto r 

F - exhaust pipe 
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FIGURE 4: Characteristi c feature s o f th e motor-pum p unit 

Q water flo w i n cubic metre per hour and MH manometric heigh t i n metres . 

Uppercurve : petrol feed a t 300 0 rpm; lower, biogas feed a t 220 0 rpm. 
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TABLE 1 : Propertie s of bioga s compared wit h thos e o f 
petrol an d gas oiL M  .C.V. minimum calorifi c valu e 

Poor 50 % 

1.034 

20,000 

0.55 

0.50 

Medium 65 % 

0.897 

26,000 

0.70 

0.60 

High 80% 

0.468 

32,000 

0.85 

0.70 

Biogas 

Density/air 

MCV kJ/m 3 

Equiv. m 3/l 
petrol 

Equiv. m 3/l 
gas oi l 

TABLE 2: Compariso n between some parameters of petrol fed 
and biogas fed engin e 

Parameters 

Rate rpm 

Cylinder hea d temperatur e ° C 

Exhaust fume s temperatur e ° C 

Oil temperature ° C 

Ignition advanc e 

Spark spacing mm 

Spark gap spacing 

Consumption * 

Inlet depressure H20 centimetr e 

%CO exhaust fume s 

* Thi s figur e i s coheren t wit h Tabl e 1  sinc e i n a  centrifuga l pump , th e 
power i s a function o f th e cubic power of rotation speed ; then at 200 0 rpm 
petrol engine consume 1.4 1  h-1 

Biogas 70% 

2000 

130 

660 

100 

22° 

0.50 

0.60 

l .9m 3 lh - 1 

35 

0.2 

Petrol 

2200 

140 

570 

110 

18° 

0.76 

0.50 

1.8 1n -1 

38 

5 
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