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ABSTRACT 

This pape r report s laborator y experiment s o f th e anaerobi c digestio n o f pigeo n 
droppings and waste materia l fro m coffe e processin g and the application o f thes e 
findings i n fiel d trial s usin g three type s of bioga s digesters designed an d buil t i n 
Zimbabwe. I t i s concluded tha t bioga s technolog y ma y b e a  feasibl e solutio n t o 
the shortage of wood-fue l an d fertiliser i n the rura l areas. 

INTRODUCTION 

Although bioga s generation i s already a  wel l known technology i n countries such 
as Indi a an d China , man y peopl e i n Zimbabw e ar e no t familia r wit h thi s 
technology. A  biogas project , describe d i n thi s paper , wa s launched t o develo p 
and promote bioga s technologie s fo r us e in the rura l area s o f Zimbabw e throug h 
investigations int o use r needs , feedstoc k fo r bioga s digester s an d utilisatio n o f 
the biogas and slurry. 

LABORATORY WORK 

Prior t o initiatin g wid e scal e fiel d trials , laborator y investigation s wer e 
conducted t o determin e th e amenabilit y t o anaerobi c digestion , qualit y o f ga s 
produced (CH 4 content ) an d optimu m pH , temperatur e an d retentio n tim e fo r 
various potential substrates. Th e necessary modificatio n o f existin g cooking and 
lighting appliances to operate on biogas has also been investigated . 

Evaluation of the performance of biogas substrates 

A crop residue , waste s fro m coffe e production , an d a n anima l wast e product , 
pigeon droppings , were teste d i n a laboratory scale biogas digester. Th e digester 
was maintained a t a  constant temperatur e throughout . Tota l solid s (TS) , volatile 
solids (VS) , fixe d solid s (FS ) an d volum e o f ga s produce d an d p H o f th e slurr y 
were measured . 

Results 

The bioga s obtaine d fro m coffe e waste s wa s almos t odourless , indicatin g ver y 
little hydrogen sulphide. Ga s from pigeo n waste was fairly odorous . 

Mixing of digeste r content s b y occasional hand swirling, proved inadequat e i n the 
case o f coffe e wast e whic h tende d t o frot h an d for m a  floatin g scu m whic h a t 
times rose and blocked th e gas outlet . 

An analysi s o f th e substrat e use d i s presented i n Table 1  and th e amoun t o f ga s 
produced over a  16 week period i s presented i n Table 2. 
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Discussion 

Crop an d anima l wast e produc e bioga s o f slightl y differen t composition . Ga s 
chromatography woul d b e necessar y t o determin e th e actua l compositio n o f th e 
gas. A  number o f problem s wer e encountere d includin g the  following : 

a. Ther e wa s difficult y i n obtainin g representativ e sample s fo r tota l solid s 
and volatil e solid s becaus e o f th e heterogeneou s particl e siz e o f th e 
coffee waste . Becaus e onl y smal l sample s wer e collected , th e presenc e o f 
a larg e soli d lum p woul d rais e th e T S value obtaine d wit h tha t sample . 

Grit presen t i n pigeo n wast e cause d simila r problem s an d ha d a  marke d 
effect o n th e weigh t o f th e as h lef t i n th e crucibl e whe n th e V S had bee n 
driven off . In  thi s case , i t i s advisabl e t o collec t th e sample s a t a  fixe d 
time afte r swirlin g th e digester . 

b. Th e coffe e wast e particle s trappe d ga s bubble s an d wer e buoye d t o th e 
top o f th e slurry , leavin g mos t o f th e liqui d below . Th e particle s wer e 
then slowl y lifte d b y th e ga s fro m th e liqui d laye r unti l the y blocke d th e 
gas outlet . Thi s tendenc y t o floa t wa s countere d b y frequen t stirrin g t o 
release trappe d ga s bubbles . 

c. Ther e wa s a  gradua l build-u p o f gri t a t th e botto m o f th e digeste r du e t o 
its presenc e i n th e pigeo n waste . I t wa s therefor e foun d necessar y t o 
empty th e digeste r an d remov e th e gri t occasionally . 

Research o n appliance s 

Household appliance s i n Zimbabw e ar e relativel y crud e an d inefficient . Loca l 
manufacturers hav e concentrate d o n cooker s fo r bot h hig h an d lo w pressur e 
bottled gas . Som e hig h pressur e ga s lamp s hav e als o bee n manufactured . Wor k 
has bee n carrie d ou t t o modif y som e o f thes e appliance s t o us e biogas . 

Cookers 

Most bioga s cooker s currentl y use d i n rura l Zimbabw e d o no t includ e th e pre -
mixing o f bioga s wit h air . W e investigate d th e performanc e o f thes e cooker s 
with an d withou t pre-mixin g o f biogas . Th e advantage s o f pre-mixin g ar e 
presented i n Tabl e 3 . 

Gas Lamp s 

The commerciall y availabl e cada c ga s lam p ha s a  smal l je t an d thi s doe s no t 
allow ga s t o flo w freely . Th e je t wa s enlarge d t o a  diamete r o f jus t ove r 1m m t o 
provide th e require d riche r gas:ai r mixture . Ga s delivere d a t a  constan t pressur e 
of 10-20c m wate r colum n abov e atmospheri c provide d a  stead y flame . Undrie d 
gas gav e onl y hal f th e rate d illuminatio n o f th e lamp . Wor k i s no w bein g carrie d 
out t o fabricat e a  lo w cos t Indian-typ e bioga s lamp . 

FIELD TRIALS 

Biogas technolog y wa s introduce d t o th e rura l peopl e i n th e for m o f variou s 
demonstration digester s describe d i n th e followin g sections . 
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Oil drum digeste r 

A 20 0 litr e oi l dru m wa s fille d wit h co w dun g slurr y an d completel y seale d 
leaving a n outle t fo r th e gas . Th e ga s wa s store d i n a n inne r tub e obtaine d fro m 
a loca l bu s company . A  smal l ti n stov e wa s connecte d t o th e inne r tube . Thi s 
digester wa s used a s a  demonstratio n mode l a t agricultura l shows . 

Domboshava bioga s plan t 

This digeste r wa s base d o n a n India n desig n o f fixe d brick-line d digester . Th e pi t 
was shallowe r becaus e o f th e possibilit y o f strikin g a  hig h wate r tabl e whic h 
would hav e coole d th e sludg e t o som e degree . Th e material s use d t o buil d th e 
plant wer e a s follows : 

2500 fir e burn t brick s 2 5 x  50k g packet s o f cemen t 

230 metre s (1 0 gauge ) wir e 3 5 metre s (12mm ) reinforcin g rod s 

5 litre s epox y pitc h blac k pain t 6  metres (150m m in t dia ) asbesto s P 

3.8 metre s (75mm ) galvanise d pip e 1. 3 metre s (100mm ) galvanise d pip e 

1 gat e valv e 1  base plat e 

4 (100mm) bolt s an d nut s 1  gasometer tan k 

5 k g bittume n sealan t Hos e pip e an d clamp s a s require d 

5 litre s aidpo l accordin g t o distance . 

The digeste r wa s buil t withi n a  fe w day s an d operate d o n sludg e fro m on e o f 
Harare's sewag e works . Enoug h ga s wa s bein g produce d withi n a  wee k t o provid e 
for cookin g i n a  nearb y buildin g an d t o ru n a  refrigerato r onc e th e je t ha d bee n 
enlarged slightly . A  caravan-type ga s lam p di d no t wor k a s satisfactoril y a s th e 
cooker. 

The ga s produce d contained : 69 % methane ; 21 % carbo n dioxide ; an d 10 % 
nitrogen an d othe r gases . 

Gas productio n wa s measure d durin g th e day , durin g th e nigh t an d betwee n 
Friday evenin g an d Monda y mornin g (th e weekend) . Overal l productio n an d 
consumption i n cubi c metre s ar e a s follows : 

Day 

Night 

Weekend 

The averag e dail y ga s productio n wa s estimate d t o b e 0.57 0 m 3 durin g winte r 
days an d 1.2m 8 durin g summe r days . Abou t 7. 5 k g o f co w dun g wa s fe d int o th e 
digester ever y da y excep t ove r th e weekends . Thi s gav e ga s productio n o f 
0.076m8 pe r k g i n ho t months . 

Produced 

10,572 

5892 

4155 

Consumed 

17,749 

0 

0 
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Chishawasha bioga s plant 

This plan t base d o n a  Chines e desig n o f 3m 3 capacit y wa s buil t fo r a  famil y i n 
the rura l are a nea r Harare . Material s use d fo r th e digeste r wer e a s follows : 

13 x 50k g cemen t 1  brass gat e valv e 
700 brick s 

7 kg imperm o 
(waterproofing compound ) 1  x 50kg buildin g lim e 

5 kg sealing putt y 6.6 5 m  galvanised pip e (20mm ) 

Local peopl e wer e traine d o n sit e t o buil d th e digester . Difficult y wa s 
encountered i n buildin g th e dome , whic h wa s shape d b y usin g a  pol e wit h a  Ha t 
board (appro x 15 0 m m x7 5 mm ) perpendicula r t o it s end . Th e tota l lengt h o f th e 
pole fro m th e botto m t o th e surfac e o f th e boar d wa s R  m m whic h wa s th e radiu s 
of curvatur e o f a  sphere . Th e botto m o f thi s pol e reste d o n a  suppor t a t th e 
centre o f curvatur e o f th e dom e an d eac h bric k wa s positione d b y usin g th e boar d 
on thi s pole . Th e wall s wer e plastere d an d painte d wit h bitume n paint . 

The digeste r operate d o n co w dun g sludge . Th e ga s wa s pipe d t o th e kitchen . 
Inner tube s o f bu s tyre s wer e use d fo r storin g gas . Thi s arrangemen t helpe d t o 
maintain a  steady ga s flo w t o th e kitchen . Th e ga s wa s used mainl y fo r cooking . 

Adelaide acre s biogas plan t 

At Adelaid e Acres , a  centr e fo r trainin g cooperativ e personnel , a  demonstratio n 
digester usin g nigh t sai l wa s constructed . 

An ordinar y scepti c tan k wa s converted int o a  digeste r b y castin g a  concret e sla b 
on top . Th e manhol e wa s modifie d s o tha t a  li d wit h a  ga s pip e coul d b e fitted . 
The insid e wa s plastere d wit h waterproofin g plaste r an d painte d wit h bitume n 
paint. Wate r fro m th e shower s an d han d basin s wa s diverte d awa y fro m th e 
digester s o a s no t t o furthe r dilut e th e slurry . 

The ga s fro m thi s digeste r wa s passe d throug h anothe r smal l India n typ e digeste r 
and collecte d i n th e gasholder . Th e ga s wa s pipe d t o th e kitche n wher e i t wa s 
used fo r cooking . Ga s productio n coul d no t b e measure d bu t a  mete r wa s fitte d 
to measur e th e ga s consumption . 

Coffee wast e an d lef t ove r maiz e mea l wer e use d i n thi s digeste r becaus e co w 
dung wa s no t easil y available . 

Kushinga Phikelel a Biogas Plan t 

Kushinga Phikelel a i s a n Agricultura l Institut e situate d abou t 10 0 k m eas t o f 
Harare. Th e plac e wa s chose n fo r demonstratin g th e generatio n o f electricit y 
using biogas . 

An 8 0 m 3 stee l digeste r wa s erected . Bioga s wa s store d i n a  floatin g ga s holde r 
and a  butyl-rubbe r balloon . Th e spen t slurr y wa s store d i n 6 0 m 3 lagoon . Th e 
important plan t electrica l load s ar e a s follows : 

1 1 0 kw feedin g pum p 
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1 3  kw mixing pump 

1 0. 8 kw fan coi l 

1 3  kw stirring pump 

2 0. 7 kw hot wate r circulatin g pump 

The digeste r wa s fed mainl y wit h cow dung although occasionally mixe d with lef t 
over maiz e porridge fro m th e kitchen. Ga s production average d abou t 2. 5 cubi c 
metres pe r hour . Th e gas engin e consumed 1 5 cubic metre s of gas per hour. Th e 
gas i s used mainl y t o generat e electricit y fo r th e milkin g plac e i n th e mornin g 
and evening . 

Table 4  gives a n indicatio n o f th e cos t o f constructin g a n India n typ e o f bioga s 
plant using local material s and labour. Cost s fo r a  Chinese typ e woul d be simila r 
but does not requir e a  gasholder an d hence labour cost s for weldin g it . 

CONCLUSION 

The variou s fiel d trial s hav e illustrate d variou s degree s o f success . Problem s 
encountered s o far hav e been as follows: -

poor construction o f digesters due to lack o f proper know-how 

difficulties i n maintainin g an d managin g th e plants . Thi s was particularly 
noticed a t school s wher e nobod y too k charg e o f th e plant . Individua l 
households manage d thei r plant s efficiently . 

lack o f prope r communication s betwee n researcher s an d beneficiaries . 
This is due to lack of transpor t fo r researcher s an d development officers . 

Biogas technolog y i s becoming mor e popula r i n rura l areas . A  number o f plant s 
have bee n buil t s o fa r (Tabl e 5) . Mos t o f th e plant s ca n b e regarde d a s 
technically successful . The y provid e ga s fo r cookin g an d als o a  certain amoun t 
of lighting . Th e excellent crop s of maiz e and vegetable s grown i n the vicinit y of 
the plant s bea r testimon y t o th e excellen t qualit y o f th e fertilise r produce d i n 
the digesters . 
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TABLE 1 : Characteristic s o f tw o biogas substrate s 

Component 

H20 
TS 
VS 
FS 

%of 

6 
93 
33 
59 

Pigeon wast e 

Feed 

.33 

.67 

.96 

.71 

%of T S 

0. 
100. 

36. 
63. 

00 
00 
26 
74 

Coffee wast e 

% of Fee d 

83. 
16. 
12. 

3 . 

76 
24 
41 
84 

%of T S 

0. 
100. 
76. 
23. 

00 
00 
37 
63 

TABLE 2 : Bioga s production ove r 1 6 week s 

Time 

(wks) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Coffee wast e 

Ave. ga s 
yield 

m3 kg - 1 

VS day-1 

0.14 
0.12 
0.15 
0.13 
0.11 
0.13 
0.10 
0.07 
0.05 
0.25 
0.45 
0.35 
0.62 
0.37 
0.14 
0.04 

vs% 

11.00 
13.00 
12.20 
11.30 
11.80 
13.60 
16.20 
18.80 
22.30 
27.60 
30.80 
32.80 
30.10 
30.70 

TS% 

2.84 
3.07 
3.72 
4.36 
5.03 
6.82 
2.82 
4.88 
6.07 
6.44 
6.85 
7.84 
8.28 
7.81 
8.18 

Ave. ga s 
yield 

m3 kg - 1 

VS day-1 

0.42 
0.31 
0.35 
0.23 
0.23 
0.26 
0.09 
0.06 
0.06 
0.06 
0.15 
0.17 
0.34 
0.26 
0.32 
0.13 

Pigeon wast e 

VS% 

36.60 
42.94 
48.10 
51.95 
39.09 
32.45 
33.13 
32.29 
37.22 
40.00 
39.48 
44.41 
46.02 
43.61 
43.52 

T S % 

1.07 
1.64 
2.14 
3.83 
6.30 
8.66 
8.00 
8.70 
3.54 
4.86 
5.10 
6.78 
6.35 
7.74 
7.68 
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TABLE 3 : Advantage s o f premisin g bioga s with ai r 

With Premixin g Without Premixin g 

Complete combustio n 
Air suppl y adjustabl e 
High efficienc y hea t t o 
cooking vesse l 
Saves ga s 
High temperatur e 
Short clea n flam e 
Non consciou s flam e Luminous flam e 

Incomplete combustio n 
Carbon monoxid e formatio n 

Low therma l efficienc y 
Wasteful o f ga s 
Low temperatur e 
Long, wav y an d soot y flam e 

TABLE 4 : Th e followin g material s ar e require d fo r a  10cm * India n 
type plan t whic h wa s foun d suitabl e fo r a  family . Fo r th e Chines e 

type plan t th e gasholde r an d labou r cost s fo r weldin g ar e no t require d 

Cement 
Brick's (common ) 
Sand (rive r an d pit ) 
Stone 
Reinforcing wir e mes h 
Paint (bitumen ) +  thinner s 
Impermo (waterproofin g compound ) 
Gasholder tan k 
Pipes an d valve s 

Inlet an d outle t pipe s PV C 
160mm O D 
Total (Materials ) 
Labour Buildin g 

Welding 
TOTAL 

Quantity 
30 bag s 
3000 

-
-
Approx 10 m 
15 litres eac h 
48 k g 
1 
3 valve s 
15" pipe s 

12m 

Approximate Cos t 
150.00 

Not normall y bough t 
" 

Tt 

30.00 
70.00 
65.00 

310.00 

76.00 

96.00 
797.00 
300.00 
200.00 
500.00 
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Location 

1 Domboshaw a 
Training Centr e 

2 Chishawash a 

3 Chinyik a Schoo l 

4 Goromonz i 
District office s 

5 Bhor a Busines s 
Centre 

6 St . Paul s 
Nutrition Villag e 
Mrewa 

7 Rusik e Schoo l 
Goromonzi 

8 St . Mathia s Schoo l 
Tsonzo 

9 Chisangan o Schoo l 
Wedza 

10 Kadhan i Centr e 
Mhondoro 

11 St . Michael' s 
School Mhondor o 

12 Nyim o Centr e 
Sanyati 

13 Posha i Schoo l 
Shurugwi 

14 Alvor d Institut e 
Zimuto-Masvingo 

15 Mutatir i Schoo l 
Zi muto-Masvingo 

TABLE 4: Lis t o f bioga s plant s 

Type 

Indian 
(1) 

Size (m 3) 

8 

Chinese 3 
(C) 

I 

C 

I 

c 

c 

I 

I 

c 

I 

I 

T 

I 

I 

8 

10 

8 

6 

10 

8 

10 

8 

8 

8 

10 

10 

Gas Us e 

Cooking 

Cooking 

Science 
laboratory 
refrigerator 

Cooking 
for busines s 

Cooking 

Cooking 

Cooking 

Cooking 

Cooking 

Cooking 

Comments 

Working wel l 
since 197 9 

Rather smal l 

Probably no t 
operational 

Finished bu t 
not ye t 
operational 

Working wel l 

Has 7  drum s 
instead o f 
1 gasholde r 

Gasholder welde d 
on sit e leakag e 
reported 

Gasholder no t 
welded 

Working wel l 

Gasholder bein g 
welded. No t ye t 
commissioned. 
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TABLE 5  continue d 

Location 

16 Charumbir a Mudavanh u 
Zimuto-Masvingo 

17 Masas a School 
Chivhu 

18+ Adelaid e 

19++ Makumb e Mission 

20+ Kushing a Phikelel a 

Type Siz e (m3) Gas  use 

C 1 0 

I 
c 

IC 

Comments 

Plastering to be 
done. No t yet 
commissioned. 

10 Futur e Recentl y 
science completed . No t 
laboratory ye t commissioned . 
and domestic 
science. 

Cooking 

Cooking 

The Chinese 
digester i s a 
converted scepti c 
tank used by the 
inhabitants. 

Working well 

Industrial 
generation of 
electricity. 

N.B. 

++ 

+ 

Not constructed b y this Departmen t 

Constructed b y this Departmen t an d some other agency , in most cases the 
owner. 

6 

C 
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