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ABSTRACT 

The performanc e o f batc h bioga s digeste r system s ha s bee n show n t o improv e 
substantially b y innoculatin g fres h co w dun g wit h 14-4 0 da y ol d starte r material . 
Experiments ar e reporte d her e t o investigat e whethe r simila r improvement s ca n 
be achieve d b y allowin g mixin g o f spen t slurr y an d fres h materia l i n 
continuous/semi continuou s digeste r systems . A  traditional KVI C digeste r an d a n 
improved desig n withou t a  partitio n wal l an d incorporatin g a  bette r stirrin g 
device ar e compared . Th e improve d desig n ha s 10 % highe r bioga s production . 
Addition o f spen t slurr y a t 2.5 % volum e doe s no t appea r t o increas e bioga s 
production i n sem i continuou s systems . 

INTRODUCTION 

Laboratory experiment s withi n th e Africa n Energ y Programm e (AEP ) hav e 
revealed tha t usin g spen t slurr y woul d considerabl y improv e batc h digeste r 
performance b y reducin g th e laten t phas e perio d o f anaerobi c fermentatio n 
(Baguant e t a l 1984 ; Dhanje e 1984) . Starte r materia l 14-4 0 day s old , adde d a t a 
level o f 2.5 % b y weigh t t o fres h dun g fee d ha s bee n sho w t o b e sufficien t t o 
provide th e require d leve l o f bacteria l populatio n fo r satisfactor y bioga s 
production i n batch system . 

The efficienc y o f continuous/sem i continuou s digester s ma y als o b e improve d b y 
changing th e mod e o f feedin g t o recirculat e spen t slurr y (starte r material) . Th e 
traditional vertica l KVI C mode l o f continuous/sem i continuou s digeste r ha s a 
partition wal l t o preven t th e shor t circuitin g o f fres h materia l adde d t o th e 
digester, thu s ensurin g tha t th e retentio n tim e chose n fo r th e ra w materia l i s 
achieved. Th e partitio n wal l prevent s th e mixin g o f th e fres h materia l an d spen t 
slurry. Th e initia l la g phas e i n bioga s ma y thu s b e lengthene d whil e th e 
appropriate bacteria l populatio n become s establishe d withi n th e fres h material . 

It i s believe d tha t th e inle t chambe r o f th e conventiona l KVI C mode l digeste r 
(Fig. 1 ) ma y therefor e b e actin g mor e o r les s lik e a  dea d spac e -  n o allowanc e 
being mad e fo r an y resettling/refloatation : phas e separatio n o f materials . 

A modifie d KVI C mode l digeste r ha s bee n designe d t o improv e it s performance . 
The partitio n wal l ha s bee n remove d t o allo w th e mixin g o f th e fres h materia l 
and th e baterica l ric h spen t slurry . T o eliminat e shor t circuitin g o f fres h 
material th e outle t pip e ha s bee n redesigne d an d th e stirre r ha s bee n improved . 

This pape r report s th e finding s o f variou s experiment s t o evaluat e th e 
performance o f thi s improve d digeste r i n compariso n wit h th e conventiona l KVI C 
model. 

LABORATORY EVALUATIO N 

The conventiona l KVI C digeste r (Figur e 1 ) ha s bee n compare d wit h th e 
performance o f a n improve d bioga s digeste r (Figur e 2) . Th e former , digeste r 1 , 
has a n activ e volum e o f 20 6 litre s an d th e latter , digeste r 2 , o f 21 0 litres . I n al l 
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The ga s compositio n wa s analyse d b y flamabilit y test s an d ga s volum e measure d 
in litre s b y a  ga s flowmeter . 

Two tes t run s ar e reported . I n th e firs t a  retentio n tim e o f 3 0 day s wa s used , i n 
the secon d a  retentio n tim e o f 21. 4 days . Th e firs t ru n wa s force d t o en d afte r 8 
days becaus e o f seriou s scu m formatio n i n th e KVI C Digeste r Design . Th e laye r 
of scu m wa s 2 1 c m deep . N o scu m wa s forme d i n th e 8  days . Th e scu m 
breaker/stirrer o f bot h ga s holder s wer e improve d an d utilise d i n th e secon d run . 

In th e secon d run , scummin g problem s wer e eliminated . Th e activitie s 
undertaken durin g th e tes t ru n ca n b e summarise d a s follows : 

1. 0  - 675. 5 (hour s sinc e initiatin g digestion ) 

NO RECYCLIN G 

PERIODIC LARG E LOA D (t o creat e ga s pressur e fo r burne r 
utilisation) 

DAILY STIRRIN G 

2. 675.5-963. 5 

NO RECYCLIN G 

NO LARG E LOA D (GA S FLO W METE R i n constan t operation ) 

DAILY STIRRIN G 

3. 963. 5 -  1515. 5 (continuation ) 

NO RECYCLIN G 

NO LARG E LOA D 

DAILY STIRRIN G 

INTER CHANG E O F GA S FLO W METE R t o verif y result s o f 1  an d 
2. 

4. 1179. 5 -  1515. 5 (continuation ) 

As 3  bu t RECYCLIN G o f 2.5 % Starte r Materia l t o KVI C Digeste r 
Design (MOD E O F FEEDIN G CHANGED ) 

test runs , bioga s productio n i n digeste r 1  wa s correcte d t o a n activ e volum e o f 
210 litres . 

In al l cases , th e ra w materia l wa s co w dun g fe d a t a  dilutio n o f 1: 1 wit h water . 
Digesters wer e operate d a t roo m temperature . A t th e beginnin g 25 % starte r 
material wa s included . Th e feedin g rat e wa s calculate d a s follows : 
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IMPROVED DIGESTE R DESIG N A S in 3  (MOD E O F FEEDIN G NO T 
CHANGED) 

5. 1419. 5 -  1515. 5 (continuation ) 

KVIC as i n 4 

IMPROVED Digeste r Desig n -  MOD E O F FEEDIN G change d -
Recirculation o f 2.5 % Starter Materia l 

6. 771. 5 -  795. 5 an d 1155. 5 -  1299. 5 

24 hou r brea k i n monitorin g (du e t o ga s leakage ) 

6 days brea k i n monitorin g (du e t o ga s leakage ) 

Results 

The dail y averag e bioga s productio n fo r th e tw o design s o f sem i continuou s 
biogas digeste r i s shown i n Figur e 3 . Bioga s productio n i n th e improve d desig n i s 
presented a s percentag e increas e o r decreas e ove r tha t o f th e conventiona l KVI C 
design. 

Except wit h larg e loads , wher e ther e wa s los s o f ga s fro m th e improve d digester , 
this digeste r performe d bette r tha n th e KVI C design . Eve n wit h interchang e o f 
gas flo w metres , th e improve d desig n performe d better . 

The digester s ar e stil l running , bu t a t tim e o f th e las t measurement s reporte d 
here, recirculatio n o f starte r materia l a t th e leve l o f 2.5 % o f volum e di d no t 
appear t o chang e th e rat e o f ga s productio n i n th e improve d design . 

The stirrin g mechanis m o f th e KVI C desig n wa s difficul t t o us e owin g t o scu m 
formation. Tha t o f th e improve d digester , operate d ver y easily . 

DISCUSSION AN D CONCLUSION S 

1. Recirculatio n o f starte r materia l t o a  quantit y o f 2.5 % o f weigh t o f th e 
fresh co w dun g doe s no t see m t o affec t th e performanc e o f th e tw o semi -
continuous digester s tested . A  longe r operatin g tim e i s necessar y t o 
confirm this . I t ma y b e tha t th e rat e o f sedimentatio n o f th e slurr y i s 
sufficient t o innoculat e th e fres h fee d wit h enoug h bacteri a t o star t 
immediate bioga s production . I n batc h syste m ther e i s n o endogenou s 
colony o f methanogens . 

2. I t i s no t possibl e t o explai n th e bette r performanc e o f th e improve d 
digester desig n compare d t o th e conventiona l KVI C design . However , 
there ma y b e a  mor e concentrate d populatio n o f methanogens , sinc e th e 
improved Digeste r desig n i s a n upflo w digeste r wit h a  greate r sludg e be d 
volume. 

3. N o valu e ca n ye t b e give n t o th e efficienc y o f th e improve d digeste r 
design compare d t o th e conventiona l KVI C unti l th e system s hav e bee n 
operating fo r a  longe r period . However , thi s wil l b e i n th e orde r o f a  10 % 
increase i n performanc e unde r th e sam e conditions . Th e improve d 
digester desig n woul d requir e a  lowe r initia l investmen t fo r a  give n 
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volume o f bioga s required , thu s bringin g th e bioga s technolog y withi n th e 
grasp o f eve n mor e people . 

4. Th e improve d digeste r desig n accomodate s a  hig h solid s concentratio n an d 
high loadin g rat e withou t an y scu m formatio n problem . Sinc e a  lowe r 
dilution o f th e fee d i s require d th e desig n ma y b e o f interes t sinc e (a ) i t 
will requir e les s wate r an d (b ) i t coul d trea t a  larg e wast e volum e withou t 
requiring a  proportionat e increas e i n it s sizes , agai n helpin g t o kee p th e 
initial investmen t cos t a t a  minimum . 

5. Th e desig n o f th e improve d digeste r permit s th e us e o f a  bette r scu m 
breaker/stirring mechanism . Th e extr a cos t o f thi s uni t woul d easil y b e 
offset b y th e savin g o f no t havin g t o buil d a  partitio n wal l a s i n th e KVI C 
design. A  prope r comparativ e economi c evaluatio n ma y nee d t o b e 
carried out . 
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FIGURE 1: KVI C design digester 

FIGURE 2: Improve d biogas digester 
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FIGURE 3: Averag e daily biogas production 
(I/A x 24) in litres 
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FIGURE 4: Percentag e increase/decrease o f biogas 
production from improve d biogas digester compared t o 

biogas production from KVI C design 
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