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Abstract 
 

Rapid urbanisat ion and populat ion growth have magni f ied the necess i ty for  adequate so l id 

waste management  throughout  the wor ld .  In  order  to  min imise the r isk  to  the env i ronment 

and human heal th ,  economica l ly feas ib le  so lu t ions are sought  for  the t reatment  o f  so l id 

waste,  par t icu lar ly in  urban areas of  low-  and middle- income countr ies.  

 

Th is  paper  eva luates the su i tab i l i ty  o f  the ARTI Compact  b iogas system (CBS) as a  decen-

t ra l ised low- tech t reatment  opt ion for  the organic  f rac t ion of  household waste in  Dar  es 

Salaam (DSM),  Tanzania.  A l i te rature rev iew about  so l id  waste and energy management  in 

DSM was fo l lowed by the ins ta l la t ion and moni tor ing of  a  research CBS wi th  the a im of  

obta in ing prec ise data concern ing the per formance of  the digester  as wel l  as  quant i ty and 

qual i ty o f  the b iogas and ef f luent .  The unst i r red f loat ing-dome d igester  (capac i ty 850l ,  pH:  

6 .5 ,  Temp. :  30°C)  was fed wi th  two subst rates:  Food waste (FW: 24% TS,  91% VS) and 

market  waste (MW: 10% TS,  88% VS).  The da i ly  load of  2kg waste (d i lu ted wi th  18 l  o f  wa-

ter )  was based on l i terary f ind ings  and represents  a  rea l is t ic  f igure o f  generated waste 

quant i ty per  Tanzanian household of  5  members.  The reduct ion of  waste vo lume (FW: TS 

reduct ion by 84.9%, MW: TS reduct ion by 72.8%) and organic  load (FW: VS reduct ion by 

92.2% and COD reduct ion by 83.1%; MW: VS reduct ion by 85.3% and COD reduct ion by 

84.2%) were substant ia l  and i l lus t ra te  the e f fect iveness of  the d igester .  Through the an-

aerobic  process,  the ammonia concentrat ion (NH4 -N)  was ra ised by 134.5% to  74.1mg/ l  

(FW) and 206.5% to 27.9mg/ l  (MW),  which enhances the usefu lness of  the ef f luent  as an 

organic  fer t i l i zer .  On average,  the anaerobic  d igest ion of  food waste resu l ted in  640l  

(574Nl)  b iogas per  kg VS wi th  methane content  o f  56.8%.  700l  (628Nl)  b iogas per  kg VS 

wi th  66.4% CH4  were produced f rom market  waste (hydrau l ic  re tent ion t ime for  both feed-

s tocks:  42.5 days) .  K i tchen waste in  DSM consis ts  of  an equal  mix  o f  these two subst rates 

and was found out  to  produce approx imate ly  200l  o f  b iogas which is  su f f ic ient  for  45min of  

cook ing on a gas s tove (equiva lent  to  1 /3  o f  the da i ly  cook ing t ime per  average house-

ho ld) .  A fami ly wi th  5  members can hence save 28kg of  charcoal  per  months (23 ’000 TZS) 

wh ich def ines the amort isat ion per iod of  a  CBS (pr ice 850’000 TZS) as 3 years .  

An inspect ion tour  to  the 12 ins ta l led CBS at  household leve l  in  DSM revealed that  on ly 4  

systems were in  operat ion.  A l though the consequent ia l  e f for ts  by ARTI-TZ resul ted in  an 

increase to  10 CBS being in  operat ion 5 weeks la ter ,  these f ind ings under l ine the impor-

tance of  an adequate fo l low-up s t ra tegy to  guarantee a h igh percentage of  wel l  ma inta ined 

ARTI  Compact  b iogas systems.  

 

The f ina l  eva luat ion regard ing the su i tab i l i t y  o f  the CBS ( technica l ,  economica l ,  env i ron-

menta l ,  soc io-cu l tura l  and po l i t ica l ,  as  wel l  as  safety aspects)  was assessed as good.  

However ,  as the h igh investment  cost  presents  the h ighest  barr ier  for  wide d isseminat ion 

of  the ARTI technology in  Tanzania,  economica l  ad justments  should be taken in to  cons id-

erat ion.  Th is  s tudy inc ludes var ious recommendat ions regard ing technica l  adaptat ions,  

operat ional  enhancements,  rebate system and af ter -sa les serv ices.  

 

 

 

 



 

Zusammenfassung 
 

Anhal tende Verstädterung und s tarkes Bevölkerungswachstum vers tärken wel twe i t  d ie  

Dr ing l ichke i t  für  e ine angemessene Abfa l lwi r tschaf t  (Sol id  Waste Management) .  Um d ie  

Ris iken für  Umwel t  und Gesundhei t  zu min imieren,  werden spez ie l l  für  urbane Zentren in 

Entwick lungs ländern zunehmend a l ternat ive Lösungen zur  s innvol len Abfa l lbehandlung 

gesucht .   

 

D ie  vor l iegende Arbei t  beur te i l t  d ie  E ignung des ARTI  Compact  B iogas Systems a ls  dezen-

t ra le  low- tech Mögl ichke i t ,  den organischen Ante i l  von Haushal tsabfä l len in  Dar  es Salaam 

(DSM),  Tansania zu behandeln.  E iner  L i teraturs tud ie  über  Energ ieverbrauch und Abfa l l -

wi r tschaf t  in  DSM fo lgte  Insta l la t ion,  Bet r ieb und Überwachung e iner  ARTI  Forschungsan-

lage.  Z ie l  dabei  war ,  präz ise Daten zur  Ef f iz ienz der  Anlage zu gener ieren,  Aussagen zur  

Menge und Zusammensetzung des produz ier ten Biogases zu ermögl ichen und d ie  Qual i tät  

des Ef f luents  zu best immen.  Der  ungerühr te,  f loat ing-dome Fermenter  (Kapaz i tät  850 l ,  pH:  

6 .5 ,  Temp:  30°C)  wurde mi t  zwei  Subst ra ten gefüt ter t :  Speise-Abfä l le  (SA:  24% TR,  91% 

oTR) und Markt -Abfä l le  (MA:  10% TR,  88% oTR).  Die  täg l ich zugeführ te  Abfa l lmenge von 

2kg (verdünnt  mi t  ca.18 l  Wasser)  repräsent ier t  e ine rea l is t ische Abfa l lmenge pro 5-

köpf igen Haushal t .  D ie  Redukt ion des Abfa l lvo lumens war  bet rächt l ich (SA:  TR-Abnahme 

um 84.9%, MA:  TR-Abnahme um 72.8%),  ebenso verdeut l icht  d ie  Redukt ion des organi -

schen Ante i ls  (SA:  oTR-Abnahme um 92.2%, CSB-Abnahme um 83.1%; MA:  oTR-Abnahme 

um 85.3%, CSB-Abnahme um 84.2%) d ie  Wirksamkei t  der  Anlage.  Aufgrund der  anaeroben 

Vergärung s t ieg d ie  Ammoniumkonzentrat ion (NH 4 -N)  um 134.5% auf  74.1mg/ l  (SA) ,  resp.  

um 206.5% auf  27.9% (MA),  was e ine verbesser te  Düngequal i tä t  aufgrund rasch ver fügba-

rer  Pf lanzennährstof fe dars te l l t .  Durchschni t t l ich resu l t ier te  aus der  Vergärung der  Speise-

Abfä l le  640l  (574Nl)  B iogas/kg oTR,  be i  e inem Methangehal t  von 56.8%. Die Vergärung der  

Markt -Abfä l le  ergab e ine Menge von 700l  (628Nl)  B iogas/kg oTR mit  e inem CH4 -Ante i l  von 

66.4%. Die Aufentha l tsze i t  bet rug be i  be iden Subst ra ten 42.5 Tage.  E in  g le ichwer t iges 

Gemisch d ieser  zwei  Subst rate  ergab e ine ungefähre Gasprodukt ion von 200l  in  DSM, was 

e iner  Kochdauer  von 45min auf  e inem Gasherd entspr icht .  D ies wiederum entspr icht  1 /3 

der  durchschni t t l ichen Kochzei t  e ines tansanischen Haushal ts  pro Tag.  E ine 5-köpf ige Fa-

mi l ie  kann daher  28kg Holzkohle pro Monat  e insparen (23 '000 TZS),  was e ine Amort isat i -

onszei t  der  ARTI-Anlage (850 '000 TZS = ca.550 €)  von 3 Jahren erg ibt .  

D ie  Bes icht igung von 12 ins ta l l ie r ten ARTI-Haushal tsanlagen in  DSM deckte grav ierende 

Unterha l tsmängel  auf :  Nur  4  der  Anlagen waren in  Bet r ieb.  Die  nachfo lgenden Anst rengun-

gen von ARTI-TZ ver feh l ten d ie  angest rebte Wi rkung n icht :  5  Wochen später  s t ieg der  An-

te i l  der  funkt ion ierenden Anlagen auf  10.  Trotzdem verdeut l ichen d iese Resul tate ,  dass 

e ine angemessene Nachverkaufsunters tützung unbedingt  er forder l ich is t .  

 

D ie  Schlussbeur te i lung der  ARTI-CBS Eignung be inhal te t  technische,  ökonomische,  öko lo-

g ische,  soz ioku l ture l le  und po l i t ische Kr i ter ien sowie  Sicherhei tsaspekte und ergab e in  

pos i t ives Resul ta t .  N ichtsdestot ro tz  so l l ten ökonomische Anpassungen ins Auge gefasst  

werden,  da d ie  hohen Invest i t ionskosten das Haupth indern is  für  e ine we i te  Verbre i tung der  

Technolog ie  dars te l len.   D ie  Arbe i t  l i s tet  abschl iessend Empfehlungen auf  bezügl ich tech-

n ischen Anpassungen,  Unterha l tsbet r ieb,  Rabat tsystem und Kundendienst .   
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1 Introduction 
On a  wor ldw ide  sc a le ,  rap i d  popu la t i on  g ro wth  and  u rban is a t i on  have  l ed  to  an  eno r -

mous  i nc r ease  o f  so l i d  was te  gene ra t i on  pe r  un i t  a rea .  Pa r t i cu la r l y  u rban -  and  pe r i -

u rban  a r eas  o f  l o w-  and  m idd le - i ncome-c oun t r i es  a re  c on f ron ted  w i th  g r ea t  cha l l enges  

conce r n ing  app r op r i a te  So l i d  Was te  Managem en t  (SWM)  in  o rde r  t o  m in im is e  the  r i sk  t o  

human  hea l th  and  av o id  env i r onmen ta l  deg rada t i on .  Ho wev er ,  mos t  mun ic i pa l i t i es  

s t rugg le  to  p rov ide  su f f i c i en t  and  adequa te  SWM se rv i ces  (Kass im  &  A l i ,  2006 ) .  Con -

s ide r i ng  t he  fac t  t ha t  t he  l a rges t  f r ac t i on  o f  was te  i n  dev e lop ing  coun t r i es  i s  o f  o rgan i c  

na tu re  and  the re fo r e  amendab le  to  anaer ob i c  d i ges t i on ,  i t  makes  env i r onmen ta l  and  

economic  s ense  to  su r vey  th i s  op t i on  (Mbu l i gwe  &  K assenga ,  2004 ) .   

1 .1  General  Background 

Urban  so l i d  was te  m anagemen t  i n  genera l  and  i nadequa te  d i s pos a l  i n  pa r t i c u la r  a r e  

cons ide red  to  be  o f  t he  mos t  immed ia te  and  se r ious  env i r onmen ta l  p rob lems  in  u rban  

a reas  o f  deve lop ing  c oun t r i es  (Zu rb rügg ,  2002 ) .  T he  p r esen t  SWM  s ys tems  a re  p re -

dominan t l y  based  on  an  “end  o f  p ipe ”  so l u t i on ,  i . e .  co l l ec t i on - t ranspor t -dump ing  o f  

was te  w i t h  l im i ted  rec yc l i ng  o f  i no rgan i c  wa s te ,  ma in l y  

done  by  t he  i n fo rma l  sec to r .  I n  mos t  c i t i es  o f  l o w-  and  

m idd le - i ncome coun t r i es  t he  phys i c a l  com pos i t i on  o f  

so l i d  was te  cons i s t s  mos t l y  o f  o rgan ic ,  hence  b i ode -

g radab le  m a t te r  (T rosch ine tz  e t  a l . ,  2008 ) ,  ye t  l ess  than  

50% o f  t he  to ta l  was t e  gene ra ted  i s  co l l ec t ed  and  d i s -

posed  o f  i n  san i t a r y  m anner  (Pa r r o t  e t  a l . ,  2008 ) .  I nade -

qua te  managemen t  l i k e  unc on t ro l l ed  dump ing  bea rs  sev -

e ra l  adv e rse  cons equences :  I t  no t  on l y  l eads  to  an  ug l i -

f i ca t i on  o f  t he  l i v i ng  a r ea ,  bu t  a l s o  to  a  h igh  r i sk  o f  po l -

l u t i ng  su r f ace  and  g round wa te r  t h rough  l eacha te  and  

fu r the rmore  p romotes  t he  b r eed ing  o f  f l i es ,  mosqu i toes ,  

ra t s  and  o the r  d i sease  vec to rs .  I n  add i t i on ,  i t  em i t s  un -

p leasan t  odou rs  and  m e thane ,  a  ma jo r  g reenhouse  gas  

con t r i bu t i ng  to  g loba l  warm ing  (Y hdego ,  1995 ) .   

 

Bes ides  c ompos t i ng  and  d i rec t  an ima l  f eed ing ,  anaerob i c  d iges t i on  (AD)  i s  a  p rom is ing  

me thod  to  t r ea t  t he  pa r t i cu la r  f r ac t i on  o f  o r gan i c  so l i d  was te .  Wh i l e  A D fo r  t he  t rea t -

men t  o f  an ima l  dung  i s  f a i r l y  common i n  ru ra l  a r eas  o f  deve lop ing  coun t r i es ,  i n fo rma-

t i on  on  tec hn ic a l  and  ope r a t i ona l  f eas ib i l i t i e s  conce r n ing  the  t rea t men t  o f  o rgan i c  s o l i d  

was te  i s  l im i ted .  Regard i ng  the  eno rm ous  wa s te  p rob lems  i n  t he  u rban  a r eas  o f  t hes e  

coun t r i es ,  t he  ques t i on  a r i ses  whe the r  AD cou ld  be  an  app r op r i a te  and  sus ta inab le  

me thod  to  t r ea t  o r gan i c  househo ld  was te  as  we l l  as  wa s tes  f rom marke ts  and  res tau -

ran ts .  

 

T he  ART I  Compac t  B iogas  P lan t ,  deve loped  i n  I nd i a ,  i s  a  sma l l - sc a le  s ys tem based  on  

anaerob i c  t echno logy  t ha t  comb ines  o rgan i c  so l i d  was te  t rea tmen t  w i t h  t he  p r oduc t i on  

o f  cook ing  ene r gy  and  l i qu i d  fe r t i l i ze r .  A l r eady  w ides p r ead  i n  I nd i a  on  hous eho ld  (HH)  

l eve l ,  i t  i s  no w be ing  p r omoted  i n  Tanzan ia .   

 

 
F i g u r e  1 :  U n c o n t r o l l e d  d u m p i n g  
i n  D a r  e s  S a l a a m ,  T a n z a n i a  
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1 .2  Object ives 

T he  ove ra l l  ob jec t i v e  o f  t h i s  s tudy  i s  t o  asses s  the  su i t ab i l i t y  o f  t he  ART I  Compac t  b io -

gas  p l an t  as  a  t rea tmen t  op t i on  fo r  o rgan i c  s o l i d  was te  on  househo ld  l ev e l  i n  u rban  a r -

eas  o f  dev e lop ing  coun t r i es .   

 

T he  i ns ta l l a t i on ,  ope ra t i on  and  mon i to r i ng  o f  an  ART I  b i ogas  p l an t  a t  ARDHI  Un ive rs i t y  

i n  Dar  es  S a laam (DS M) ,  T anzan ia ,  sha l l  g i ve  p rec i se  and  re l i ab l e  da ta  rega rd ing  the  

da i l y  gas  p roduc t i on  and  i t s  com pos i t i on ,  t he  reduc t i on  o f  t he  o rgan i c  l oad  and  the  

qua l i t y  o f  t he  e f f l uen t  f o r  d i f f e ren t  f eeds toc k .  I n  add i t i on ,  t he  haz a rd  imposed  on  the  

hea l th  o f  t he  ope r a to r  t h rough  tox i c  subs tanc es  p roduced  by  the  anae rob i c  p rocess  i s  

assessed  as  we l l  as  t he  r i sk  o f  a t t rac t i ng  d i sease  v ec to rs  by  the  s ys tem.  A l l  t hese  i n -

fo rma t ion  a re  eva lua ted  on  the  s oc io -c u l t u ra l ,  economic a l  and  t rad i t i ona l  was t e  man-

agem en t  backg round  o f  u rban  househo lds  i n  DS M.  In te rv ie ws  wi t h  use rs  o f  ex i s t i n g  

ART I  b iogas  p lan ts  i n  T anzan ia  sha l l  f u r the rmore  p r ov i de  i n fo rma t ion  c once r n ing  the  

conven ienc e  o f  ope ra t i on  and  the  ec onom ic  e f f i c i enc y  o f  t he  s ys t em.  T he  househo ld  

su rvey  a im s  to  compare  the  resu l t s  f r om the  resea rc h  p lan t  run  unde r  con t ro l l ed  cond i -

t i ons  w i th  t he  pe r fo rm ance  o f  p l an ts  ope ra t i ng  unde r  rea l  cond i t i ons  i n  p r i va te  HHs .   

 

Comb in i ng  these  res u l t s  w i th  l i t e ra r y  f i nd i ngs  abou t  t he  SWM on  hous eho ld  l eve l  i n  

DSM wi l l  i nd i ca te  whe t he r  t he  A RT I - techno logy  c an  be  r ega r ded  as  app r op r i a te  to  t rea t  

o rgan ic  househo ld  was te  o r  ho w t o  dev i se  s t ra teg ies  fo r  enhanc in g  the  pe r fo rm ance  o f  

ART I -b iogas  p lan ts .  

1 .3  Methodologies 

 L i t e ra tu re  rev ie w 

An  ex tens i ve  l i t e ra t u re  rev ie w on  so l i d  wa s te  managemen t  and  ene r gy  u t i l i za t i on  i n  

DSM,  spec i f i ca l l y  f o r  cook ing  pu rpose ,  i s  conduc ted .  Moreov e r  resea rc h  repo r t s  and  

gene ra l  l i t e ra tu re  on  anae r ob i c  d i ges t i on  o f  o rgan i c  ma te r i a l s  a re  rev ie wed .  

 

 I ns ta l l a t i on ,  s ta r t -up  and  ope r a t i on  o f  ART I  B iogas  P lan t  a t  ARDHI  Un ive rs i t y  DSM 

T he  i ns ta l l a t i on  and  s ta r t -up  o f  a  resea rch - p l an t  i s  f o l l owed  by  con t i nuous  measu r i ng  

on  s i t e  o f  t he  gas  p roduc t i on  and  gas  com pos i t i on  r esu l t i ng  f rom c an teen  food  was t e  

and  v ege tab le / f ru i t  ma rke t  was te .  T empera tu re ,  pH  and  Redox-Po ten t i a l  o f  t he  e f f l uen t  

a re  add i t i ona l l y  m easu red  on  a  da i l y  bas i s .  

 

 Labora to r y  ana l ys i s  

Labo ra to r y  ana l yses  a r e  com p le ted  fo r  de te r m in ing  v a r i ous  pa ram e te rs  o f  t he  feeds tock  

(T S,  VS ,  COD t o t a l ,  COD d i s s o l v e d ,  N t o t a l ,  NH 4 -N,  P t o t a l )  and  e f f l uen t  (T S ,  VS ,  COD t o t a l ,  

COD d i s s o l v e d ,  N t o t a l ,  NH 4 -N ,  P t o t a l ,  PO 4 ,  Pb ,  Cu ,  Cd )  i n  t he  Labo ra t o r y  o f  E nv i ronmen ta l  

Eng inee r ing  a t  ARDHI  Un ive rs i t y  DSM.  

 

 I nspec t i on  o f  ART I  b iogas  p l an ts  i n  Da r  es  Sa laam and  i n te rv ie ws  wi t h  ope r a to rs  

V i s i t s  t o  17  ART I  b iogas  un i t s  i n  DSM a re  conduc ted  to  assess  the  pe r fo r mance  o f  

t hese  p lan t s .  Add i t i ona l l y ,  i n te rv i e ws  wi th  t he  o wner  and  ope ra to r  abou t  t he i r  expe r i -

ences  a r e  accomp l i s hed .  



Z H A W  B a c h e l o r  T h e s i s  0 9  C h r i s t i a n  L o h r i  U I 0 5  

 3  

  

2 Background Information 

2 .1  Tanzania 

2 .1 .1  Genera l  fac ts  and  f igures  

Land  a rea :     881 .289  km 2  

T o ta l  popu la t i on :    34 .6  M i l l i ons  (2002 )  

Popu la t i on  g ro wth :    2 .9% (2007 )  

U rban  popu la t i on :    23% (2007)  

Cap i t a l :     Dodoma  

Ave rage  u r ban  hous eho ld  s i z e :  4 .9  pe rsons  (2000 )  

L i f e  expec tanc y :     52  yea rs  (2006 )  

Es t ima ted  pe r  cap i ta  i ncome:  349  US $  (2005 )  

Be lo w bas i c  needs  pov e r t y  l i ne :  35 .7% (2000 /01 )  

Be lo w food  pove r t y  l i ne :   18 .7% (2000 /01 )  

Unem p loym en t  ra te :    12 .9% ( i n  u rban  h ighe r  t han  i n  ru r a l  a reas )  

T o ta l  adu l t  l i t e rac y  ra t e :   69% (2000- 2005)  

E lec t r i f i ca t i on  ra te :    11% (2007 )  

Cur renc y :     T anzan ian  Sh i l l i ng  (TZS)  

Exchange  r a te  (Novem ber  2008) :  1 ’000  T ZS  =  0 .987  CHF  

       =  0 .649  EUR 

       =  0 .811  US $     

Ma in  l anguages :    S wah i l i ,  Eng l i sh  

C l ima te :     T rop i ca l  on  the  coas t ,  sem i - tempe ra te  i n l and  

Po l i t i c a l  s ys tem:    Mu l t i pa r t y  pa r l i am en ta r y  democrac y   

2 .1 .2  Dar  es  Sa laam 

Dar  es  S a laam (DSM)  i s  t he  p r i nc i pa l  c i t y  and  admin i s t ra t i ve ,  commerc ia l  and  i ndus t r i a l  

cen t re  i n  T anzan ia .  I t  i s  l oca ted  on  the  eas te rn  coas t  o f  t he  coun t r y  a l ong  the  Ind ian  

Ocean  and  i n  2005  had  a  to ta l  a rea  o f  1393k m 2 .  T he  who le  c i t y  i s  po l i t i ca l l y  and  admin -

i s t ra t i ve l y  d i v i ded  i n to  th ree  M un ic i pa l i t i es  (T emeke ,  I l a l a  and  K inondon i ) .  T he  c i t y  a re a  

i s  g ro wing  a t  a  r a te  o f  7% pe r  yea r  and  i t  i s  es t ima ted  tha t  rough l y  70% o f  t he  popu la -

t i on  i n  t he  c i t y  l i v e  i n  i n fo rma l  o r  unp lanned  se t t l emen ts  (Kaseva  &  Mbu l i g we ,  2005 ) .  

T he  es t ima ted  popu la t i on  o f  DSM i s  be t ween  2 .5  and  3 . 4  m i l l i on ,  t he  popu la t i on  dens i t y  

i s  1793  pe r sons  pe r  k m 2  and  the  ave rage  popu la t i on  g ro wt h  ra te  i s  4 .3% pe r  annum  

(Kass im  &  A l i ,  2006 ) .   

 

DSM has  a  wa rm,  mo is t  monsoon  c l ima te :  re l a t i ve l y  c o ld  and  d r y  f rom Apr i l  t o  Oc tobe r ,  

ho t  and  humid  f rom November  to  March .  T he  ave rage  annua l  p rec i p i t a t i on  i n  Da r  i s  ove r  

1000mm due  to  t he  l ong  ra i ns  be t ween  Mar ch  and  May ,  when  ra i n fa l l  i s  abou t  150 -

300mm.  T he  tempera t u re  ave rage  i s  24° C ,  wher eas  the  max im um  temper a tu r e  i s  35° C  

in  t he  a f te r noon  and  the  m in imum 13°C  a t  dawn .  

 

 

 
F i g u r e  2 :  M a p  o f  T a n z a n i a  [ 1 ]  
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2 .1 .3  So l id  w aste  management  in  Dar  es  Sa laam 

T he  rap id  i nc reas e  o f  popu la t i on  i n  Dar  es  S a laam,  coup led  w i t h  t he  i nc r eas ing  g r o wth  

o f  commerce  and  t rades  has  i nc reased  the  so l i d  was t e  gener a t i on  a t  a  rap id  ra te .  SWM 

in  DSM i s  admin i s t e red  by  the  th r ee  mun ic i pa l i t i es  unde r  t he  Dar  es  Sa laam C i t y  Coun-

c i l  (DCC) .  I n  1994  the  DCC acknowledged  t he  d i f f i cu l t y  o f  p rov id i ng  adequa te  SWM and  

henc e  dec ided  to  i nv o l ve  the  p r i va te  sec to r  as  a  pa r t ne r  i n  SW co l l ec t i on  s e rv i ces :  

Wh i l e  t he  p r i va te  sec t o r  ( commun i t y -bas ed  o r gan isa t i ons  and  l oc a l  compan ies )  ac t s  as  

a  co l l ec to r ,  t he  C i t y  Counc i l  r ema ins  as  the  p r i nc i pa l  and  ove ra l l  r espons ib l e  f o r  p rov i -

s i on  o f  t he  se rv i ce  (K ass im  &  A l i ,  2006 ) .  T he  es t ima ted  annua l  budge t  dev o ted  to  MSW 

in  DSM i s  10mi l l i on  US $  (Pa r ro t  e t  a l . ,  2008 ) .  

 

SWM in  DS M a t  househo ld  l eve l  i s  gene ra l l y  cons ide r ed  to  be  hous ekeep ing  and  thus  

usua l l y  f a l l s  t o  women  and  house  se rvan ts  as  p rac t i sed  i n  many  A f r i can  coun t r i es  (Kas -

s im  &  A l i ,  2006 ) .  

 

Sol id  w aste  genera t ion  
T he  to ta l  quan t i t y  o f  s o l i d  was te  gene ra ted  i n  Dar  es  S a laam C i t y  was  found  t o  be  be -

t ween  1800 t /d  (Mbu l i gwe  &  Kass enga ,  2004 )  and  2500 t /d  (Kaseva  &  Mbu l i g we ,  2005 ) .  

Ho wev er ,  recen t  f i nd ings  o f  t he  DCC es t ima t e  the  to ta l  was te  to  be  as  h igh  as  3500 t /d  

(Ora l  i n fo r ma t i on  Mkumba ,  26 .11 .2008 ) .  T ab le  1  rev ea l s  t ha t  hous eho lds  a lone  gener -

a te  abou t  56% o f  t h i s  t o ta l  was te .   

 

 

 

 

T he  s tudy  on  was te  gener a t i on  i n  DSM  by  Kaseva  &  Mbu l i g we  ( 2005)  conc luded  av e r -

age  domes t i c  was te  gene r a t i on  i n  unp lanned ,  l o w- i ncome a reas  o f  0 .34kg /cap i ta /day  

(Bugur un i ) ,  0 .39kg /c /d  (Ka r iakoo )  and  i n  p lanned  a reas  0 .43kg /c /d  (Upanga) ,  0 .44  (C i t y  

cen t re ) .  T hese  res u l t s  a re  comparab le  to  an  o lde r  s tudy  conduc ted  by  Ame i n  1993 ,  

wh ich  es tab l i shed  was te  gener a t i on  r a tes  fo r  h i gh  i nc ome g r oup  o f  hous eho lds  i n  DSM  

c i t y  t o  be  0 .45kg /c /d ,  f o r  med ium- i ncome g r oup  0 .38k g /c /d  and  fo r  l ow- i ncom e g roup  to  

be  0 .34kg /c /d .  I n  1996 ,  J ICA  repo r ted  a  f a i r l y  h igh  dom es t i c  was te  gene ra t i on  ra te  o f  

0 .7kg /c /d  i n  DSM (Kaseva  &  Mbu l i gwe ,  2005) .  A l l  t he  i n fo r ma t ion  found  a re  qu i t e  i n  l i ne  

w i t h  Wor ld  Bank  S tandard  fo r  dev e lop ing  coun t r i es  wh ich  i s  be t ween  0 .3  and  0 .6kg /c /d .  

 

 

 

T a b l e  1 :  S o l i d  w a s t e  g e n e r a t i o n  i n  D S M  c i t y   
( K a s e v a  &  M b u l i g w e ,  2 0 0 5 )  

 

W a s t e  s o u r c e  T o t a l  w a s t e  
 g e n e r a t e d  [ t / d ]  %  o f  t o t a l  

H o u s e h o l d s  1 3 6 0 5 6 . 1
C o m m e r c i a l   
e s t a b l i s h m e n t s  8 0 3 . 3

I n s t i t u t i o n s  1 8 5 7 . 6

M a r k e t s  3 7 5 1 5 . 5
O t h e r s   
i n c l u d i n g  i n d u s t r i a l  4 2 5 1 7 . 5

T o t a l  2 4 2 5 1 0 0
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Sol id  Waste  composi t ion  on  househo ld  l eve l  
T he  compos i t i on  o f  househo ld  wa s te  i n  DSM i s  s im i l a r  t o  t ha t  o f  mos t  deve lop ing  coun -

t r i es ,  w i th  o rgan ic  was te  ( i n  T ab le  2  l i s ted  as  k i t chen  was te ,  g rass  and  wood)  a round  

67% be ing  the  b igges t  componen t .  O the r  au t ho rs  es t ima ted  the  to ta l  o rgan ic  f r ac t i on  o f  

MSW in  DS M c i t y  t o  be  71% (Mbu l i g we  &  K assenga ,  1998 )  and  78% ( Chaggu  e t  a l . ,  

1998 ) .  

 
T a b l e  2 :  C o m p o s i t i o n  o f  h o u s e h o l d  w a s t e  i n  D S M   
( M b u l i g w e  &  K a s s e n g a ,  2 0 0 4 ;  S o u r c e  J I C A ,  1 9 9 7 )  
 

 

 

I t  i s  wor th  no t i ng  tha t  d i f f e renc es  i n  hous eho ld  was te  c ompos i t i on  among  d i f f e ren t  i n -

come g roups  w i th  respec t  t o  k i t chen  was te  a r e  neg l i g i b l y  sma l l .  I ns t i t u t i ona l  so l i d  was te  

cons t i t u tes  56 -64% o rgan i c  was te  (Mbu l i g we ,  2002 ) .  

 
Ex is t ing  So l id  Waste  p rac t ices  

As  sho wn  i n  T ab le  3 ,  t he  ma jo r i t y  o f  was te  gener a ted  by  hous eho lds  i n  DSM c i t y  i s  e i -

t he r  se l f -d i sposed  c los e  to  t he  s i t e  wher e  i t  was  p roduc ed  o r  i l l ega l l y  dumped  in  a  p ro -

h ib i t ed  a rea  such  as  a t  t he  roads ide ,  i n  open  spaces  o r  d ra i ns  (F igu re  3 ) .  

 

 

 
 

W a s t e  c a t e g o r y  
L o w -  
i n c o m e   
[ % ]  

M i d d l e -  
i n c o m e   
[ % ]  

H i g h -  
i n c o m e  
 [ % ]  

W e i g h t e d   
A v e r a g e   
[ % ]  

K i t c h e n  w a s t e  3 9 . 8  4 1 . 9 4 4 . 5 4 2 . 0

G r a s s  a n d  w o o d  1 5 . 0  3 0 . 9 1 9 . 8 2 5 . 3

P a p e r  3 . 3  3 . 0 3 . 1 3 . 1

P l a s t i c  1 . 9  1 . 9 3 . 4 2 . 2

G l a s s  1 . 3  2 . 4 8 . 8 3 . 5

M e t a l  1 . 8  2 . 1 1 . 8 2 . 0

T e x t i l e  0 . 6  0 . 5 3 . 8 1 . 2

L e a t h e r  a n d  r u b b e r  1 . 2  1 . 0 0 . 3 0 . 9

C e r a m i c  a n d  s t o n e  0 . 4  0 . 3 0 . 5 0 . 4

O t h e r  w a s t e  t y p e s  3 4 . 7  1 6 . 0 1 4 . 0 1 9 . 4

T o t a l   1 0 0  1 0 0 1 0 0 1 0 0

M o i s t u r e  c o n t e n t  3 0 . 6  3 1 . 1 3 1 . 5 3 1 . 1

 

 
F i g u r e  3 :  I l l e g a l l y  d u m p e d  w a s t e  i n  D a r  e s  S a l a a m  
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T a b l e  3 :  Q u a n t i t i e s  o f  w a s t e  d i s p o s e d  o f  [ t / d ]  b y  d i f f e r e n t  m e t h o d s  i n  T Z ,  1 9 9 7   
( M b u l i g w e  &  K a s s e n g a ,  2 0 0 4 )  
 

 

As  the  cu r ren t  d i s pos a l  f ac i l i t y  i s  no t  env i r onmen ta l l y  su i t ab le  and  i t s  capac i t y  ex -

haus ted ,  t he  mos t  p rob lem at i c  f unc t i ona l  e lemen t  o f  so l i d  was te  m anagemen t  i n  DSM  

has  been  i den t i f i ed  as  d i sposa l  (M bu l i g we  &  K assenga ,  2004 ) .  

 

Col lec t ion  ser vi ce  

Managed  i n  a  top -do wn  app r oac h ,  t he  des ign  and  ope r a t i on  o f  S W co l l ec t i on  i n  DSM  

sho ws  ac t i v i t y  a t  C i t y  Counc i l  and  mun ic ipa l  l eve l .  Poo r  f l ow o f  i n fo rma t ion  t o  hous e-

ho lds  (HH)  and  l o w l eve l  o f  i nv o l vem en t  have  resu l t ed  i n  l o w pa r t i c i pa t i on  i n  t he  

scheme.  I n  add i t i on ,  due  to  t he  m isma tch  be tween  the  amoun t  o f  was te  gener a ted  a nd  

the  capac i t y  o f  t he  se r v i ce  p r ov ide rs ,  app r ox ima te l y  52% o f  SW gener a ted  i n  DSM s t i l l  

r ema ins  unco l l ec t ed .  On l y  44  o f  73  wa rds  a re  cu r ren t l y  cove red  to  some  ex ten t  by  co l -

l ec t i on  se r v i ces  (Kass im  &  A l i ,  2006 ) .  Gene ra l l y ,  t he  h igh - i ncom e  and  p l anned  a r eas  

rece i v e  be t te r  se rv i ces  than  o the r s  because  o f  t he  good  was te  s t o r age ,  paymen t  hab i t  

and  acc ess ib i l i t y  f o r  t he  co l l ec t i on  t rucks  (Kaseva  &  Mbu l i g we ,  2005 ) .  

 

T he  cha rge  fo r  SW co l l ec t i on  i n  DSM was  s e t  by  DSM C i t y  Counc i l  (DCC)  acc o rd ing  to  

i ncom e lev e l .  Ho weve r ,  eve r y  m un ic i pa l i t y  has  i t s  o wn  by - l a ws  and  cha rges  fo r  so l i d  

was te  co l l ec t i on .  T he  mon th l y  paymen t  f o r  t he  SW co l l ec t i on  r ange  be t ween  200  and  

3 ’000  T ZS acco rd ing  to  i nc ome-a reas .  Ye t  many  o f  t he  con t rac t o rs  manage  to  co l l ec t  

l ess  than  50% o f  t he  se rv i ce  c ha rge  (Kass im  &  A l i ,  2006 ) .   A  g rea t  number  o f  HHs  i s  

 
T y p e  o f  w a s t e  

 
S e l f -  
d i s p o s a l  

 
D i s c h a r g e /  
C o l l e c t i o n  

I l l e g a l   
d u m p i n g  

 
R e c y c l i n g  

 
T o t a l  

H o u s e h o l d  6 5 1 . 3  1 7 2 . 9 4 7 8 . 1 1 1 4 1 4 1 6 . 3  
C o m m e r c i a l  

R e s t a u r a n t  

G u e s t h o u s e / h o t e l  

O t h e r  

 

0  

0  

0  

1 2 . 7

1 . 6

1 1 . 8

0

0

0

1

0 . 2

0

 

1 3 . 7  

1 . 8  

1 1 . 8  

I n s t i t u t i o n a l  2 . 1  8 . 6 0 0 1 0 . 7  

M a r k e t  0  3 3 . 9 0 0 3 3 . 9  

S t r e e t  w e e p i n g  0  1 . 3 0 0 1 . 3  

I n f o r m a l  s e c t o r  0  5 6 . 5 2 2 6 . 2 0 2 8 2 . 7  

T o t a l  6 5 3 . 4  2 9 9 . 3 7 0 4 . 3 1 1 5 . 2 1 7 7 2 . 2  

 

 
F i g u r e  4 :  W a s t e  p u s h c a r t ,  w a s t e  t r u c k  a n d  w a s t e  c o l l e c t i o n  p o i n t  i n  D a r  e s  S a l a a m  
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r e luc tan t  t o  pay  fo r  a  va r i e t y  o f  r easons  i nc l ud i ng :  p r i o r i t y  se t ,  l o w  i ncom e leve l  and  

espec ia l l y  l ack  o f  a wa r eness .  As  many  HHs  a re  no t  a wa re  abou t  t he i r  se rv i ce  p rov i de r s  

and  p r i v a t i sa t i on  as  a  who le ,  t hey  do  no t  k no w i f  t he  s e rv i ce  p rov ide r  i s  f r om  the  p r i -

va te  sec to r ,  pub l i c  sec to r  o r  an  agen t  who  i s  a l ready  pa id  by  the  C i t y  Counc i l .   

 

Neve r the les s ,  i t  i s  gene ra l l y  ack no wledged  tha t  p r i va t i s a t i on  o f  S W co l l ec t i on  i n  DS M  

has  b rough t  seve ra l  advan tages  l i ke  c rea t i ng  emp loymen t  among  DS M res iden ts  and  by  

i nc reas ing  t he  co l l ec t i on  f rom 10% in  1994  to  40% o f  t he  to ta l  was t e  genera ted  i n  2001 ,  

a l so  s i gn i f i can t l y  impr ov ing  the  c l ean l i ness  o f  t he  c i t y  (Kaseva  &  Mbu l i g we ,  2005) .   

2 .1 .4  Energy management  

 

T a b l e  4 :  P r i m a r y  e n e r g y  c o n s u m p t i o n  i n  T Z  1 9 9 9  b y  s o u r c e  ( S c h m i t z ,  2 0 0 7 ) :  

E n e r g y  c o n s u m p t i o n  b y  s o u r c e  [ T J ] [ % ]

T o t a l  e n e r g y  c o n s u m p t i o n  1 9 9 9  6 2 9 ’ 4 0 2 1 0 0 . 0

T o t a l  f o s s i l  f u e l s  

C o a l  a n d  c o a l  p r o d u c t s

C r u d e  O i l  a n d  n a t u r a l  g a s  l i q u i d s

O t h e r s

3 1 ’ 9 0 3

1 2 6

2 6 ’ 2 9 3

5 4 8 5

5 . 1

0 . 0

4 . 2

0 . 9

H y d r o e l e c t r i c  7 ’ 8 2 9 1 . 2

T o t a l  r e n e w a b l e s ,  e x c l u d i n g  h y d r o e l e c t r i c  

P r i m a r y  s o l i d  b i o m a s s  ( i n c l .  f u e l  w o o d )

B i o g a s  a n d  l i q u i d  b i o m a s s   

5 8 9 ’ 4 6 0

5 8 9 ’ 4 4 6

1 4

9 3 . 7

9 3 . 7

0 . 0

 
 

T he  Census  2005  p r esen ted  b i omass  s t i l l  t o  be  92 . 1% o f  t o ta l  p r imar y  ene rgy  s upp l y .  

Domes t i c  ene rgy  accoun ts  t o  78 . 8% o f  t o ta l  na t i on - wide  ene rgy  c onsum pt ion .  Na t i on -

w ide  e lec t r i f i ca t i on  i s  abou t  10% (u rban  39% and  ru r a l  2%) .  T he  e lec t r i c i t y  consumpt io n  

pe r  cap i t a  i n  2002  was  84kWh (Schmi t z ,  2007 ) .  

 
T a b l e  5 :  H o u s e h o l d  ( H H )  e n e r g y  s o u r c e s  a n d  u t i l i z a t i o n  ( M w a k a j e ,  2 0 0 7 )   

T y p e  o f  e n e r g y   
u s e d  i n  H H  s e c t o r  

%  o f  t o t a l  H H  
e n e r g y  c o n s u m p t i o n  P u r p o s e  o f  e n e r g y  u s e d  

B i o m a s s  f u e l s  
( c h a r c o a l & f i r e w o o d )  9 7 . 7 C o o k i n g ,  h e a t i n g ,  l i g h t i n g  

P e t r o l e u m  f u e l s  2 . 0 K e r o s e n e  f o r  l i g h t i n g  a n d  c o o k i n g  

E l e c t r i c i t y  0 . 3 L i g h t i n g ,  p o w e r i n g  t h e  r a d i o  a n d  i n  a  f e w  c a s e s  
c o o k i n g  

S o l a r ,  b i o g a s ,  w i n d  0 L i g h t i n g ,  c o o k i n g  

 

I n  2007  t he  ma jo r  sou r ce  o f  ene rgy  f o r  cook ing  na t i on wide  was  wood  (60%)  f o l l owed  b y  

cha rcoa l  (35%) .  I n  ru r a l  a r eas ,  f i r e wood  wi t h  87% i s  t he  ma jo r  s ou rce  o f  cook ing -

ene r gy .  U r ban  a reas  p redominan t l y  us e  wood  fo r  cook ing  (57%)  w i th  t he  exc ep t i on  o f  

DSM,  wher e  ma in l y  c ha rcoa l  i s  us ed  (Hum an  Deve lopm en t  Repor t  2007 ) .   

 

T he  ma jo r i t y  o f  hom es  i n  Dar  es  Sa laam use  more  than  one  k i nd  o f  cook ing  fue l .  As  

men t ioned  abov e  and  p resen ted  i n  T ab le  6 ,  cha rcoa l  i s  t he  mos t  p r e fe r red  c ook ing  fue l  

i n  DSM,  as  i t  i s  cons ide red  to  be  a  modern  sou rce ,  un l i ke  f i r e wood ,  ag r i c u l t u ra l  r es i -

dues  and  dung  (S anga ,  2003 ) .  470 ’000 t  o f  c ha rcoa l  a re  consum ed  in  DSM  per  yea r  

(Cos tech ,  2006 ) .  



Z H A W  B a c h e l o r  T h e s i s  0 9  C h r i s t i a n  L o h r i  U I 0 5  

 8  

  

T a b l e  6 :  P r e f e r e n c e s  i n  t h e  u s e  o f  c o o k i n g  f u e l s  i n  D S M  i n  2 0 0 1  ( S a n g a ,  2 0 0 3 )  

K i n d  o f  f u e l  F i r s t  c h o i c e   
[ %  o f  h o m e s ]  

S e c o n d  c h o i c e  
[ %  o f  h o m e s ]  

T h i r d  c h o i c e   
[ %  o f  h o m e s ]  

C h a r c o a l  6 9 2 5 3  

K e r o s e n e  2 5 5 3 5  

E l e c t r i c a l  p o w e r  4 6 1 7  

L P G  1 2 0  

O t h e r s  1 1 4 7 5  

 
T he  p roduc t i on ,  d i s t r i bu t i on  and  s a le  o f  cha r coa l  cons t i t u te  one  o f  t he  l a rges t  i ndus -

t r i es  i n  t he  i n fo rma l  sec to r ,  o f f e r i ng  emp loymen t  and  i ncome  fo r  peop le  i n  r u ra l  and  

u rban  a r eas .  T he  k i l ns  used  i n  T anzan ia  have  a  y ie ld  o f  rough l y  1kg  o f  cha rcoa l  f o r  

eve r y  6k g  o f  wood  us ed .  Due  to  de fo res ta t i o n  i n  t he  ou t l y i ng  a reas  o f  t he  c i t y ,  t he  d i s -

tance  f rom the  po in t s  o f  cha rcoa l  p roduc t i on  to  t he  c i t y  i nc r eas ed  f rom  50km in  t he  

1970s ,  t o  200km in  t he  n ine t i es  (S anga ,  2003 ) ,  t o  2000km (Cos tech ,  2006 ) .  Da i l y  c on -

sumpt ion  fo r  a  f am i l y  o f  f i ve  pe rsons  i s  a round  2 .8kg .  T hus  the  pe r  cap i ta  cons umpt io n  

i s  app rox im a te l y  0 .6k g / d .  Cons ide r i ng  the  av e rage  e f f i c i enc y  o f  t he  cha rcoa l  s t oves  a t  

20%,  and  t he  l o wer  hea t i ng  va l ue  o f  cha rc oa l  be ing  equa l  t o  30 .8  MJ /kg ,  consumpt ion  

pe r  cap i t a  o f  use fu l  ene rgy  i s  app rox ima te l y  1 .35  GJ / yea r  (Sanga ,  2003 ) .   

 

Cu r ren t l y ,  t he  p r i c e  i n  Da r  es  Sa laam fo r  one  bag  o f  cha rcoa l  (60 - 70kg ,  o f  wh ich  on l y  

40 -50kg  a r e  usab le )  r anges  be t ween  T ZS 30 ’000 -35 ’000 .  Fo r  an  ave rage  fam i l y  o f  5  

members ,  one  bag  l as t s  f o r  app rox im a te l y  2  weeks  (Ora l  i n fo rma t i on  Nd im bo  10 .9 .08 ,  

Mkumba  26 .11 .08 ) ,  wh i ch  adds  up  to  an  annua l  spend ing  be t ween  720 ’000  and  840 ’000  

TZS  fo r  charcoa l  on l y .  

2 .1 .5  Defores ta t ion  and  Hea l th  

I n  2005  the  fo res t  a r ea  i n  T anz an ia  cov e r ed  352 ’600km 2  wh ich  i s  39 .9% o f  t he  to ta l  

l and .  Dependence  on  fue l wood  and  cha rcoa l  as  l i s ted  i n  2 .1 .4  l ead  to  an  es t im a ted  an -

nua l  pe r  cap i ta  f i r e wood  cons umpt ion  o f  1m 3  pe r  yea r ,  resu l t i ng  i n  7kg  pe r  r u ra l  hous e -

ho ld  pe r  day  (Schm i t z ,  2007) .  Hence  be t ween  1990  and  2005 ,  62 ’800km 2  o f  f o res t  a rea  

have  been  des t royed ,  resu l t i ng  i n  a  na t i on wi de  av e rage  annua l  c hange  o f  f o res t  a rea  o f  

m inus  1% ( Human  Dev e lopmen t  Repor t  2007 ) .  T he  g rea tes t  pa r t  o f  wood  ha rves ted  i s  

used  fo r  t he  p roduc t i on  o f  cha rc oa l  (75%) ,  f o l l o wed  by  l ogg ing  (12%) ,  ag r i cu l t u ra l  ac -

t i v i t i es  (7%)  and  o the r s  (6%) .  On l y  one  th i rd  o f  a l l  t he  woods  c onsumed  annua l l y  i s  re -

cove red  th r ough  re fo r es ta t i on ,  and  thus  the  use  o f  wood  fo r  c ha rc oa l  p roduc t i on  i s  no t  

sus ta inab le  (Sanga ,  2003 ) .  As  a  consequence  o f  de fo r es ta t i on ,  e r os ion  i s  l ead ing  to  

d im in i shed  fe r t i l i t y  o f  l and ,  wh ic h  i s  assum ed  to  resu l t  i n  a  0 .5  t o  1 . 5% reduc t i on  annu -

a l l y  i n  t he  g ross  na t i ona l  p roduc t  (Schmi t z ,  2007 ) .  

 

Smoke  emiss ions  i n  t he  hous eho lds  s temming  f rom the  use  o f  f i r e wood ,  dung  and  s t ra w 

as  ene r gy  fo r  cook ing  on  open  f i r ep l aces  a r e  sho wing  undes i rab le  s ide - e f fec t s  on  the  

hea l th  o f  women  and  ch i l d r en .  I ndoo r  a i r  po l l u t i on  i s  t aken  fa r  mo re  se r i ous  than  i n -

c reas ing  a i r  po l l u t i on  i n  c i t i es  (Schmi t z ,  2007 ) .  I n  Da r  es  Sa laam,  acu te  resp i ra to r y  

i n fec t i ons  occupy  sec ond  p l ace  i n  a l l  doc to r ’ s  appo in tm en ts  a t  13%,  r i gh t  beh ind  ma-

la r i a  wh ic h  l eads  w i th  50% (Sanga ,  2003 ) .   
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2 .1 .6  Fer t i l i ze r  demand 

I n  1999  T anzan ia  c onsumed  21 ’000 t  o f  i ndus t r i a l  f e r t i l i ze r ,  r esu l t i ng  i n  an  i n tens i t y  o f  

5kg  pe r  hec ta re  c rop land  (Schm i t z ,  2007) .  O the r  sou rces  desc r ibe  t he  f e r t i l i ze r  dem and  

fo r  T anzan ia  as  1 .79k g /ha .  Be t ween  1970  and  2002 ,  f e r t i l i ze r  demand  dec r eased  on  

ave rage  and  annua l l y  by  4 .18% per  yea r  ev en  wi th  reg iona l  subs id ies .  Cu r ren t l y ,  t he  

use  o f  a r t i f i c i a l  f e r t i l i z e r  by  sma l l ho lde rs  i n  TZ  can  be  desc r i bed  as  “ v i r t ua l  absence ” .  

T he  number  o f  househo lds  i n  T anzan ia  us ing  o rgan ic  f e r t i l i ze r  i n  2002  was  1 ’ 270 ’272 ,  

26% o f  a l l  c rop  g ro wing  househo lds .  T he  to ta l  a rea  o f  o rgan i c  f e r t i l i ze r  app l i ca t i on  was  

2 ’334 ’188ha ,  33% o f  t o ta l  p lan ted  a r ea .  O f  a l l  o rgan i c  f e r t i l i ze r ,  88% i s  f a rm ya r d  m a-

nu re  and  12% c ompos t  (Schmi t z ,  2007 ) .  T hese  fac t s  imp l y  t ha t  even  though  o rgan i c  

f e r t i l i ze r  i s  used  by  the  p roduc e r ,  t hey  hav e  no t  been  c ommerc ia l i sed  ye t .  

2 .1 .7  H is to ry  o f  domest ic  b iogas  d isseminat ion  in  Tanzan ia  

Biogas  tec hno logy  wa s  i n t roduced  i n  T anzan ia  i n  1975  by  the  Sm a l l  I ndus t r i es  Deve l -

opmen t  Organ is a t i on  ( S IDO) .  T hese  ea r l y  b i ogas  p lan ts  adop ted  the  f l oa t i ng  d r um tech -

no logy  f rom  Ind ia  and  we re  ma in l y  i n t roduc ed  i n  p r im ar y  and  secondar y  schoo ls ,  ru ra l  

hea l th  cen t res  and  o the r  i ns t i t u t i ons .   

 

I n  1982 ,  t he  M in i s t r y  o f  I ndus t r i es  and  T rade  th rough  i t s  pa ras ta ta l  o rgan i sa t i on  Cen t re  

fo r  Ag r i cu l t u re  Mec han isa t i on  and  Rur a l  T echno logy  ( CAMART EC)  i n i t i a ted  a  b i ogas  

deve lopm en t  p rog r am me in  t he  A rusha  a r ea  wh ic h  was  suppo r ted  by  t he  German  

Agenc y  fo r  T echn ica l  Coopera t i on  (GTZ) .  Under  t h i s  p rog ramm e,  t he  Ch inese  dome  

b iogas  p l an t  was  adap t ed  to  l oca l  cond i t i ons  and  s tanda rd i sed  i n to  b iogas  un i t s  o f  16 ,  

30  and  50m 3 .  T echn ica l  Coopera t i on  be t ween  T anzan ia  and  Germ any  l ed  i n  1983  to  t he  

i n t roduc t i on  o f  t he  B iogas  Ex tens ion  Se rv i ce  ( BES)  i n  wh i ch  CAMARTEC and  GTZ wer e  

i n  cha r ge  o f  imp lemen t ing  the  p ro j ec t  i n  T Z .  D i ssemina t i on  s t ra tegy  and  p r o jec t  s t ruc -

tu res  underwen t  dec i s i ve  changes  ma in l y  a round  1990 .  T hese  were  ch i e f l y  a  r esu l t  o f  

f i nanc ia l  and  pe rsonne l  w i thd ra wa l  o f  t he  GT Z f rom the  B ES and  the  subsequen t  ex ten -

s i ve  t rans f e r  o f  t he  p ro jec t  t o  t he  coun te r pa r t  o rgan i s a t i on  (Schmi t z ,  2007 ) .  Be t ween  

1983  and  2005 ,  a  to ta l  o f  707  b iogas  un i t s  have  been  cons t ruc ted  by  CAMART EC 

(Cos tech ,  2003 ) .  O the r  i ns t i t u t i ons  i nvo l ved  i n  b i ogas  deve lopmen t /popu la r i s a t i on  i n -

c lude  MIGESADO,  T anzan ian  T rad i t i ona l  Ene rgy  Deve lopmen t  and  Env i ronm en ta l  Or -

gan isa t i on  ( T aT EDO) ,  Evange l i c a l  Lu the ran  Chur ch  i n  T anzan ia  (E LCT ) ,  M in i s t r y  o f  En -

e rgy  and  M ine ra l s  ( MEM)  and  T anzan ia  Commiss i on  fo r  Sc i ence  and  T echno logy  

(COST ECH) .  

 

 

 

 

 

 

 

 

 

 

 

 

 
F i g u r e  5 :  C A M A R T E C  f i x e d - d o m e  p l a n t  [ 2 ]  
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Ove r  t he  pe r iod  o f  1997  to  2007 ,  some 2900  b iogas  i ns ta l l a t i ons  have  been  repo r ted ,  

120  o f  t he  f l oa t i ng  d rum des ign  and  430  p las t i c  bag  p l an ts .  Ou t  o f  t hese ,  some 190 0  

a re  expec ted  to  s t i l l  be  i n  ope r a t i on  (SNV,  2008 ) .  

 

As  a  consequence  o f  t he  “B iogas  fo r  be t t e r  l i f e ,  An  A f r i can  In i t i a t i v e ”  

( www. b iogasa f r i ca .o rg ) ,  wh ich  has  been  i n i t i a ted  i n  May  2006  i n  Na i rob i ,  Kenya ,  va r i -

ous  T anzan ian  b iogas  s takeho lde r s  l aunched  a  Na t i ona l  I n i t i a t i ve  i n  2007  under  t he  

supe rv i s i on  o f  t he  Ne the r l ands  o r gan iza t i on  SNV.  T he  ob jec t i ve  i s  t o  f u r the r  deve lop  

and  d i ssem ina te  domes t i c  b iogas  i n  ru ra l  a r eas  w i th  t he  u l t ima t e  goa l  t o  es t ab l i s h  a  

sus ta inab le  and  comm erc ia l  b iogas  sec to r  i n  T anzan ia .  T he  In i t i a t i ve  a ims  to  i ns ta l l  

12 ’ 000  ne w b iogas  p l an ts  (mod i f i ed  CAMART EC f i x -dome des ign )  du r i ng  the  nex t  f i ve  

years .  

2 .1 .8  Po l icy  and  p lans  in  regard  to  b iogas   

T anzan ian  ene r gy  po l i c i es  do  no t  spec i f i ca l l y  p r omote  b iogas ,  as  on l y  “a l t e rna t i ve ”  en -

e rgy  s ou rc es  a re  b road l y  p r omoted  i n  po l i c y .  Recen t l y ,  t hough ,  t he  Gove rnmen t  es tab -

l i shed  the  Rura l  Ene r gy  Agenc y  (REA)  unde r  t he  M in i s t r y  o f  E ne rgy  and  M ine ra l s  

(MEM) .  I t  i s  t he  ob jec t i ve  o f  REA to  s t imu la te  access  to  ene rgy  i n  ru r a l  a reas ,  t o  wh ich  

ex t en t  a  Ru ra l  Ene r gy  Fund  was  es tab l i s hed .  

  

T he  Na t i ona l  S t ra tegy  fo r  Growth  and  Reduc t i on  o f  Pov e r t y  s ta tes  tha t  by  2010  a t  l eas t  

10% o f  t he  popu la t i on  sha l l  be  us i ng  a l t e rna t i ve  po wer  t o  wood  fue l s  f o r  cook ing  (SNV,  

2008 ) .  
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2 .2  Anaerobic Digest ion 

Anaer ob i c  D iges t i on  ( AD) ,  a l so  r e fe r red  to  as  b i ome than iz a t i on ,  i s  a  na tu r a l  p roces s  

tha t  t akes  p lace  i n  t he  absence  o f  oxygen .  I t  i nvo l v es  the  b i ochem ic a l  decom pos i t i on  o f  

comp lex  o r gan ic  ma te r i a l  by  v a r i ous  bac te r i a l  p roc esses  w i t h  t he  re l ease  o f  an  ene r g y  

r i ch  b i ogas  and  the  p r oduc t i on  o f  a  nu t r i t i ous  e f f l uen t .  D iges t e rs  o r  reac to rs  a re  phys i -

ca l  s t ruc tu r es  tha t  f ac i l i t a t e  anaerob i c  d iges t i on  by  p rov i d ing  an  anaerob i c  env i r onmen t  

f o r  t he  o rgan i sms  respons ib le  f o r  d iges t i on .   

2 .2 .1  B io log ica l  p rocess  

T he  b io l og i ca l  conve rs ion  o f  o r gan ic  ma te r i a l  unde r  anae rob i c  c ond i t i ons  c an  be  de -

sc r i bed  by  t he  fo l l o wing  fou r  s tages  ( see  F igu re  6 ) :  

 

1  Hydro l ys is  

T he  f i r s t  s tep  i nvo l v es  the  ex t race l l u l a r  enz yme-m ed ia ted  t rans fo rma t ion  o f  h ighe r -

mo lec u la r - mass  o rgan ic  po l ym ers  and  l i p i ds  i n to  bas i c  s t ruc tu ra l  bu i l d i ng  b locks  such  

as  fa t t y  ac i ds ,  monosaccha r i des ,  am ino  ac ids ,  and  re la t ed  compounds  wh ich  a re  su i t -

ab l e  f o r  use  as  a  sou r ce  o f  ene rgy  and  ce l l  t i s sue .   

 

2  Ac id i f i ca t ion   
T he  fe rmen ta t i ve  bac te r i a  deg r ade  the  s o l ub l e  o r gan ic  monom ers  o f  sugars  and  amino  

ac ids ,  p r oduc ing  vo l a t i l e  f a t t y  ac i ds  (p rop ion i c ,  bu t y r i c  and  v a le r i c  ac ids ) ,  ac e ta te ,  H 2  

and  CO 2 .  Ammon ia  i s  a l so  p r oduc ed  by  the  deg rada t i on  o f  am ino  ac ids .  

 

3  Ac idogenes is  

Both  l ong  c ha in  fa t t y  ac ids  and  v o la t i l e  f a t t y  ac ids  (VFA)  a re  deg raded  genera t i ng  ac e -

ta te ,  ca rbon  d iox ide  and  hyd r ogen .  

 

4  Methanogenes is  

T he  fo r th  and  l as t  s tep  i nv o l v es  the  bac te r i a l  conve rs i on  o f  hyd r ogen  and  ac e t i c  ac i d  

f o rmed  by  t he  ac id  f o r mers  to  me thane  gas  and  c a rbon  d iox i de .  T he  bac te r i a  respons i -

b le  f o r  t h i s  conve rs i on  a re  s t r i c t  anae rob es ,  ca l l ed  me thanogen ic .  Due  to  t he i r  ve r y  

s lo w g ro wt h  ra tes ,  t he i r  me tabo l i s m i s  usua l l y  cons ide red  ra te - l im i t i ng  i n  t he  anaer ob i c  

t r ea tmen t  o f  o rgan i c  was te  (Ma ta - A l va rez ,  2003 ) .  
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I n  one -s tage  s ys tems ,  t he  

abov e  desc r ibed  r eac -

t i ons  occ u r  s imu l tane -

ous l y  i n  a  s ing l e  reac to r ,  

wher eas  i n  t wo -  o r  m u l t i -

s tage  s ys tems ,  t he  reac -

t i ons  tak e  p lac e  sequen-

t i a l l y  i n  a t  l eas t  t wo  reac -

to rs  w i th  t he  s econd  

s tage  cons i s t i ng  o f  t he  

conve rs ion  to  me thane .  

 

Ano the r  d i f f e ren t i a t i on  i n  

s ys tems  i s  re la ted  to  i t s  

d r y  ma t te r  con ten t :   

We t -s ys tem s :  T S<15% 

Dr y  s ys tem s :   T S=20-50% 

 

 

 

 

 

A  ma jo r  danger  f o r  ov e ra l l  anae r ob i c  c onv e rs ions  i s  p resen ted  when  m ic roo rgan ism  

popu la t i ons  a re  no t  ba lanc ed .  T h i s  can  be  a  resu l t  o f  an  ove r load ,  wh ich  i s  de f i ned  as  

e i t he r  an  excess  o f  b i odeg radab le  o rgan ic  ma t te r  f o r  t he  ac t i ve  popu la t i on  capab le  o f  

d iges t i ng  i t ,  o r  any  c i r cums tances  tha t  p roduce  a  dec rease  i n  ac t i ve  m ic r oo r gan ism 

concen t ra t i on  ( ab rup t  change  o f  t empera tu r e ,  accum u la t i on  o f  t ox i c  subs tances ,  f l o w 

ra te  i nc r ease  e t c . ) .  These  d i s tu r banc es  ma in l y  a f f ec t  me thanogen ic  bac te r i a ,  whe r eas  

the  muc h  more  to le ran t  ac i dogen ic  bac te r i a  con t i nue  to  work ,  p r oduc ing  more  ac i ds ,  

wh i ch  i n  r e tu rn  i nh ib i t  t he  ac t i v i t y  o f  me thane- fo rmers .  T h i s  imba lance  c an  even tua l l y  

resu l t  i n  a  d iges te r  f a i l u re  (Ma ta - A l va rez ,  2003 ) .  

 

2 .2 .2  Subst ra tes /Feedstock  

I n  gene ra l ,  a l l  t ypes  o f  b iomass  c an  be  used  as  subs t ra t es  as  l ong  as  they  c on ta in  ca r -

bohyd ra tes ,  p ro te i ns ,  f a t s ,  ce l l u l ose  and  hemice l l u l ose  as  ma in  c omponen ts .  L i gn i n ,  t he  

ma in  cons t i t uen t  o f  wood  can  no t  be  deg r aded  under  anaer ob i c  cond i t i ons  (Ma ta -

A l va rez ,  2003 ) .  T he  pe r fo rmanc e  o f  d iges te rs  ope ra t i ng  on  so l i d  was tes  i s  dependen t  

on  the  pa r t i c l e  s i ze  o f  t he  i n f l uen t .  T he re fo r e ,  s i ze  reduc t i on  o f  t he  pa r t i c l es  and  the  

resu l t i ng  i nc rease  o f  t he  ava i l ab l e  spec i f i c  s u r face ,  rep r esen ts  an  op t i on  fo r  i nc reas ing  

deg r ada t i on  y ie lds  and  acce le ra t i ng  the  d iges t i on  p r ocess  (Ma ta -A lva rez ,  2003 ) .   

 

 

 

 

 

 
F i g u r e  6 :  S c h e m e  o f  t h e  b i o d e g r a d a t i o n  s t e p s  o f  c o m p l e x  m a t t e r  
( M a t a - A l v a r e z ,  2 0 0 3 )  
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T a b l e  7 :  T h e  m a x i m u m  g a s  y i e l d  p e r  k g  V S  o f  d i f f e r e n t  o r g a n i c  w a s t e  s u b s t r a t e s  ( + c o w  m a n u r e )  
f o u n d  i n  l i t e r a t u r e .  

 

S u b s t r a t e  T S  [ % ]  V S  [ % ]  R e t e n t i o n  
t i m e  [ d a y s ]  

B i o g a s  y i e l d   
[ m 3 / k g  V S ]  

S o u r c e  

S p e n t  f r u i t s  2 5 - 4 5 9 0 - 9 5 0 . 4 - 0 . 7  D e u b l e i n   

V e g e t a b l e  w a s t e s  5 - 2 0 7 6 - 9 0 8 - 2 0 0 . 4  “  

M a r k e t  w a s t e s  8 - 2 0 7 5 - 9 0 3 0 0 . 4 - 0 . 6  “  

L e f t o v e r s  ( C a n t e e n )  9 - 3 7 7 5 - 9 8 0 . 4 - 1 . 0  “  

B i o  w a s t e  ( H H )  4 0 - 7 5 3 0 - 7 0 2 7 0 . 3 - 1 . 0  “  

O v e r s t o r e d  F o o d  1 4 - 1 8 8 1 - 9 7 1 0 - 4 0 0 . 2 - 0 . 5  “  

F r u i t  w a s t e s  0 . 2 - 0 . 7  G u n a s e e l a n  

B a n a n a  p e e l s  8 6 - 9 4 0 . 2  “  

C i t r u s  w a s t e  8 9 - 9 7 0 . 4 - 0 . 5  “  

V e g e t a b l e  w a s t e s  0 . 2 - 0 . 3  “  

M i x e d  f o o d  w a s t e  ( K o r e a )  2 6 9 0 - 9 5 0 . 3 - 0 . 5  L e e  e t  a l .  

B i o  w a s t e  6 0 - 7 5 5 0 - 7 0 0 . 2 - 0 . 6  E d e r & S c h u l z  

K i t c h e n  w a s t e  9 - 3 7 5 0 - 7 0 0 . 2 - 0 . 5  “  

M a r k e t  w a s t e   2 8 - 4 5 5 0 - 8 0 0 . 4 5  “  

L i q u i d  m a n u r e  f r o m  c a t t l e  6 - 1 1 6 8 - 8 5 0 . 3 5 - 0 . 5 5  S c h i l l i n g &  
T i j m e n s e n  

E x c r e t a  f r o m  c a t t l e  ( f r e s h )  2 5 - 3 0 8 0 0 . 6 - 0 . 8  D e u b l e i n  

2 .2 .3  B iogas  

Biogas  cons i s t s  p r ima r i l y  o f  u t i l i zab le  me thane  ( CH 4 )  and  i ne r t  ca rbon  d iox i de  (CO 2 ) ,  

wh i ch  a re  bo th  co l ou r l ess  and  odour less .  I t  a l so  con t a ins  seve ra l  im pur i t i es  as  l i s ted  i n  

T ab le  8 .  B iogas  w i t h  me thane  con ten t  h i ghe r  t han  45% i s  combus t i b le  and  bu r ns  w i th  a  

b lue  f l ame .  T he  exp los i ve  l im i t s  o f  CH 4  i n  a i r  a re  6  t o  12% by  vo l ume  (Deub le in ,  2008 ) .  

 
T a b l e  8 :  T y p i c a l  b i o g a s  c o m p o n e n t s  f r o m  o r g a n i c  f r a c t i o n  o f  M S W  ( M a t a - A l v a r e z ,  2 0 0 3 )  
 

C o m p o n e n t s  C o n c e n t r a t i o n  ( b y  v o l u m e )  

M e t h a n e  ( C H 4 )  

C a r b o n  d i o x i d e  ( C O 2 )  

W a t e r   

H y d r o g e n  S u l p h i d e  ( H 2 S )  

A m m o n i a  ( N H 3 )  

N i t r o g e n  ( N 2 )  

O x y g e n  ( O 2 )  

H y d r o g e n  ( H 2 )  

5 5 - 6 0 %  

3 5 - 4 0 %  

2 %  ( 2 0 ° C )  –  7 %  ( 4 0 ° C )  

2 0 - 2 0 ’ 0 0 0 p p m  ( 2 % )  

0 - 0 . 0 5 %  

0 - 2 %  

0 - 2 %  

0 - 1 %  

 
T a b l e  9 :  G e n e r a l  f e a t u r e s  o f  b i o g a s  ( D e u b l e i n ,  2 0 0 8 )  

E n e r g y  c o n t e n t  6 . 0  –  6 . 5  k W h / m 3  

F u e l  e q u i v a l e n t  0 . 6 0  –  0 . 6 5 L  o i l / m 3  b i o g a s  

E x p l o s i o n  l i m i t s  6  - 1 2 %  b i o g a s  i n  a i r  

I g n i t i o n  t e m p e r a t u r e  6 5 0  - 7 5 0 ° C  

T h e o r e t i c a l  a i r  d e m a n d  5 . 7 m 3  a i r / m 3  b u r n i n g  g a s  

C r i t i c a l  p r e s s u r e  7 5 - 8 9 b a r  

C r i t i c a l  t e m p e r a t u r e  - 8 2 . 5 ° C  

N o r m a l  d e n s i t y  1 . 2 k g / m 3  

M o l a r  m a s s  1 6 . 0 4 3 g / m o l  

S m e l l  B a d  e g g s  ( t h e  s m e l l  o f  d e s u l f u r i z e d  b i o g a s  
i s  h a r d l y  n o t i c e a b l e )  
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Use o f  b iogas   

B iogas  can  p r i nc i pa l l y  be  used  l i ke  o the r  f ue l  gas .  Fo r  domes t i c  pu rposes  i t  i s  mos t  

su i t ab le  fo r  cook ing ,  hea t i ng  wa t e r  and  l i gh t i ng .  T he  fo l l o wing  a re  some app r ox im a te  

quan t i t i es  o f  gas  fo r  t hese  d i f f e ren t  uses  (Koo t ta tep  e t  a l . ,  yea r  unk no wn) :   

 

-  Domes t i c  cook ing :  2m 3  pe r  day  fo r  a  f am i l y  o f  f i ve  o r  s i x  peop le   

-  Wa te r  hea t i ng :  3m 3  pe r  day  fo r  a  100 - l i t r e  t ank  o r  0 .6m 3  fo r  a  t ub  ba th  and  0 .35m 3  fo r  

a  sho wer  ba th  

-  L igh t i ng :  0 .1 -150m 3  pe r  hou r  pe r  l i gh t   

 

T he  gas  demand  c an  be  de f i ned  on  the  bas i s  o f  ene rgy  consum ed  p rev i ous l y .  Fo r  ex -

amp le ,  1kg  f i r ewood  co r responds  to  200 l  b i ogas ,  1kg  d r i ed  co w dung  co r responds  to  

100 l  b i ogas  and  1k g  cha rcoa l  co r r esponds  to  500 l  b i ogas .  T he  gas  demand  can  a l so  be  

de f i ned  us i ng  the  da i l y  cook ing  t imes .  T he  gas  cons umpt ion  pe r  pe rson  and  mea l  l i es  

be t ween  150  and  300 l  b iogas .  Fo r  one  l i t r e  wa t e r  t o  be  cooked  30 -40 l  b iogas  a re  re -

qu i r ed ,  f o r  1 /2kg  r i ce  120 - 140 l  and  fo r  1 / 2k g  vege t ab les  160 -190 l .  (Kossmann  e t  a l . ,  

yea r  unk nown) .  

 

T he  c r i t i ca l  t empera t u r e  o f  me thane  i s  a round  -82 . 5 °C ;  even  wi th  v e r y  h i gh  p r essu re  i t  

i s  no t  poss ib le  t o  l i que f y  m e thane  a t  h ighe r  t emper a tu r e ,  wh ic h  i s  p robab l y  t he  m os t  

impor tan t  bo t t l eneck  o f  b iogas  u t i l i za t i on .  As  a  consequence ,  b i ogas  canno t  be  s to red  

ove r  l ong  pe r i ods  a t  r easonab le  c os ts ,  bu t  has  to  be  us ed  immed ia te l y  o r  w i th in  a  fe w 

hou rs  (Ma t a -A l va r ez ,  2003 ) .  On  a  l a r ge r  sc a le ,  b i ogas  c an  be  conv e r ted  i n to  e lec t r i c i t y .  

T hus  th i s  so lu t i on  needs  a  gas  s t o rage  capac i t y  o f  abou t  ha l f  a  day  to  s to r e  the  n igh t  

p roduc t i on  and  requ i r es  the  c lean ing  o f  gas .  

 
Hydrogen  su lph ide   
Hydrogen  s u lph ide  (H 2 S)  i s  an  agg ress i ve  gas  ma in l y  respons ib l e  f o r  co r ros ion .  As  

sho wn  in  Tab le  1 0 ,  H 2 S  i s  a l ready  haza rdous  to  human  hea l th  i n  s ma l l  quan t i t i es .  

 
T a b l e  1 0 :  E f f e c t s  o f  H 2 S  ( a d o p t e d  f r o m  E d e r  &  S c h u l z ,  2 0 0 6 )  

C o n c e n t r a t i o n   
i n  t h e  a i r  i n  p p m   
( p a r t s  p e r  m i l l i o n )   
1 p p m = 0 . 0 0 0 1 %  

E f f e c t s  

0 . 0 3 - 0 . 1 5  T h r e s h o l d  o f  p e r c e p t i o n ,  O d o u r  o f  r o t t e n  e g g s  

1 5 - 7 5  
I r r i t a t i o n  o f  e y e s  a n d  r e s p i r a t o r y  p a s s a g e s ,  n a u s e a ,  v o m -

i t i n g ,  h e a d a c h e ,  u n c o n s c i o u s n e s s  

1 5 0 - 3 3 0  P a r a l y s a t i o n  o f  o l f a c t o r y  n e r v e s  

> 3 7 5  D e a t h  t h r o u g h  i n t o x i c a t i o n  ( a f t e r  s e v e r a l  h o u r s )  

> 7 5 0  U n c o n s c i o u s n e s s  a n d  d e a t h  t h r o u g h  s t i l l  s t a n d  o f  b r e a t h -
i n g  i n  3 0 - 4 0  m i n u t e s   

> 1 0 0 0  R a p i d  d e a t h  t h r o u g h  r e s p i r a t o r y  p a r a l y s i s  i n  f e w  m i n u t e s  

 

 

T he  hyd rogen  su lph ide  con ten t  i n  t he  b iogas  i s  sub jec t  t o  cons ide r ab le  unexp la inab l e  

va r i a t i on  i n  t he  cou rse  o f  t he  day  (Deub le i n ,  2007 ) .  I n  gene ra l ,  gas  c lean ing  fo r  com-

bus t i on  i n  bu rne rs  i s  on l y  neces sa r y  a t  a  H 2 S  con ten t  o f  more  than  0 .1% (1 ’000ppm)  

(Ma ta -A l va r ez ,  2003 )  
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Water  vapour  
Wate r  vapou r  c rea tes  condensa t i on  i n  t he  tub ing .  T o  p reven t  b lock ing  and  c o r ros ion ,  i t  

has  to  be  c ondens ed  i n  wa te r  t r aps ,  espec ia l l y  when  h i ghe r  amoun ts  o f  co r ros i ve  com-

ponen ts ,  such  as  CO 2  and  H 2 S  a r e  d i sso l ved ,  mak ing  the  gas  more  agg r ess i ve .  

2 .2 .4  E f f luen t  

Due  to  the  decom pos i t i on  and  b reakdo wn  o f  i t s  o rgan i c  c on ten t ,  t he  res idue  o f  t he  b i o -

me than iza t i on  p roc ess ,  a l so  ca l l ed  s lu r r y ,  no r ma l l y  ge ts  r i d  o f  sme l l  and  p r ov ides  fas t -

ac t i ng  nu t r i en ts  (ma in l y  NH 4 -N)  wh ich  eas i l y  en te r  i n to  t he  s o i l  so lu t i on ,  t hus  becoming  

immed ia te l y  ava i l ab l e  t o  t he  p lan ts .  Hence  d iges ted  s ludge  can  i nc rease  ag r i cu l t u ra l  

y i e lds  acco rd ing  to  i t s  nu t r i en ts .   

 

T he  pa thogen ic  o r gan i sms  p resen t  i n  t he  d i ges te rs  ra w in f l uen t  (o r  i nocu lum)  f rom an i -

ma l  f aeces  ge t  e l im ina ted  du r i ng  the  mesoph i l i c  d i ges te r  p rocess  a t  35 °C .  T es ts  

sho wed  a  c omp le te  e l im ina t i on  a f te r  3  mon ths  o f  a l l  ha r mfu l  pa thogens  l i k e  En te r i c  v i -

rus ,  Sa lmone l l a ,  Sh ige l l as ,  V ib r i o  Cho le r a ,  Pa thogen i c  Esche r i a  co l i ,  T r i chu r i s  and  

Hook worms  (Cos tech ,  2006 ) .  Even  more  impor tan t  f o r  ag r i cu l t u ra l  use  i s  t he  fac t  t ha t  

a l l  p lan t -pa thogen ic  ge rms  a re  c omp le te l y  des t royed  du r i ng  the  anaerob i c  d iges t i on  

p rocess  (We l l i nge r  e t  a l . ,  1991 ) .  
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2 .3  ARTI  Compact Biogas System 

T he  ART I  Compac t  b iogas  s ys tem (CBS)  was  deve loped  i n  2003  by  Appr op r ia te  Rura l  

T echno logy  Ins t i t u te  ( ART I )  I nd ia ,  an  NGO based  i n  P une  (M ahar ash t ra  s ta t e ,  Sou th  

Ind ia )  and  founded  i n  1996  by  a  g roup  o f  sc ien t i s t s ,  t echno log i s t s  and  soc ia l  wo rk e rs .  

Abou t  2500  ART I -p lan ts  a re  cu r ren t l y  i n  us e  bo th  i n  u rban  and  ru r a l  househo lds  i n  M a-

ha ras h t ra  ( Mü l l e r ,  2007) .  T he  des ign  and  dev e lopmen t  o f  t h i s  t ec hno logy  us ing  o rgan ic  

was te  r a the r  t han  manure  as  feeds tock  has  won  the  ‘As hden  A war d  fo r  Sus ta i nab le  En -

e rgy  2006 ’  i n  t he  food  secu r i t y  c a t ego r y  [3 ] .   

2 .3 .1  ART I -TZ  

Approp r ia te  Rura l  T echno logy  I ns t i t u te  T anzan ia  (ART I -TZ )  i s  a  Tanzan ian  r eg i s te r ed  

non - po l i t i ca l ,  non -p ro f i t  o rgan i z a t i on  founded  i n  2007 .  I t s  m iss ion  i s  t o  se rv e  T anzan ia  

as  an  i ns t r umen t  o f  deve lopmen t  t h rough  the  d i ssemina t i on  and  app l i ca t i on  o f  s c ien t i f i c  

kno wledge  and  s us ta i nab le  techno log ies  fo r  ene r gy  p r oduc t i on ,  env i ronmen ta l  p ro tec -

t i on ,  emp loymen t  and  i ncome genera t i ng  oppor tun i t i es .    

ART I -TZ  de r i ves  i t s  t echno log ies  f rom ART I - Ind i a  under  a  techno logy  t rans f e r  ag ree -

men t .  I t  p rov ides  p rom ot ion  and  t r a in i ng  o f  t he  ART I  Compac t  b i ogas  p l an t ,  a  cha rcoa l  

k i l n  f o r  p r oduc ing  b r i que t tes  made  f rom ag r i cu l t u ra l  wa s te  and  the  ART I  Sa ra i  Cooke r  

S ys tems  fo r  reduced  Indoo r  A i r  Po l l u t i on  and  cha rcoa l  consumpt i on .  

 

Add ress :  App rop r ia te  Rura l  T echno logy  Ins t i t u te  (ART I -TZ )  

O f f i ce  l oca ted  nea r  Massana  Hosp i ta l  

Goba  Road ,  Mbez i  Beach  

Dar  es  Sa laam,  T anzan ia  

 

Con tac t :  a r t i . t anzan ia@gma i l . com 

+255  (0 )  786  427  949  ( Nach ik e t  W.  Po tn i s ,  Execu t i ve  D i rec to r )  

+255  (0 )  715  235  126  ( Denn is  T ess ie r ,  P rog ramme D i rec t o r )  

+255  (0 )  713  234  604  ( Joy  Desa i ,  Opera t i on  D i rec to r )  

 

JET  ( Jo in t  Env i ronmen ta l  T echn iques )  was  f ounded  i n  2008  to  manu fac tu re ,  se l l  an d  

i ns ta l l  t he  p roduc ts  o f  ART I -TZ  as  we l l  as  p r ov ide  techn i ca l  suppo r t .  

2 .3 .2  Des ign  and  Techno logy o f  ART I  Compact  B iogas  Syst em 

T he  ART I  Compac t  b i ogas  s ys t em  (CBS)  i s  made  f rom t wo  cu t -do wn  s tanda r d  h i gh  den-

s i t y  po l ye thy l ene  (HDP E)  wa te r  t anks  and  s ta nda r d  p lum ber  p ip ing .  T he  l a rge r  t ank  ac ts  

as  the  d i ges te r  wh i l e  t he  sma l l e r  one  i s  i nve r ted  and  te l escoped  i n t o  the  d i ges te r  and  

se rves  as  a  f l oa t i ng  gas  ho lde r ,  wh i ch  r a i s es  p ropo r t i ona l  t o  t he  p r oduced  gas  and  ac ts  

as  a  s to re  room o f  t he  b iogas .  T he  CBS i s  des igned  fo r  t r ea t i ng  1 - 2kg  (d r y  we igh t )  o f  

k i t chen  wa s te  pe r  day  [4 ] .  T he  gas  can  d i r ec t l y  be  used  fo r  cook ing  on  an  ad jus tab le  

gas  s tove  whereas  the  l i qu id  e f f l uen t  can  be  a pp l i ed  as  nu t r i en t  f e r t i l i ze r  i n  t he  ga rden .  

Space  o f  abou t  2  m 2  and  2 .5  m he igh t  i s  needed  fo r  a  CB S o f  1000 l .  
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F i g u r e  7 :  A R T I  C o m p a c t  b i o g a s  p l a n t  s c h e m e  ( g a s h o l d e r  e m p t y  a n d  g a s - f i l l e d )   

 

T he  e f fec t i ve  vo lum e o f  t he  d iges te r  i s  app r ox ima te l y  850 l ,  g i v en  by  the  d im ens ion  o f  

t he  1000 l - wa te r  t ank  ( i nne r  r ad i us :  51 .5cm)  a nd  the  pos i t i on  o f  t he  ove r f l o w- p ipe  (1 .04  

m above  g r ound  l eve l ) .  T he  to ta l  su r face  a rea  o f  t he  d iges te r  (0 .83m 2 )  i s  cove red  by  

rough l y  0 .65m 2  (78%) ,  i n  o the r  wo rds  the  gas  re l eas ed  t h rough  22% o f  t he  d iges te r  su r -

f ace  i s  l os t  t o  t he  a tmosphere  w i t hou t  u t i l i za t i on .  T he  usab le  gas  v o lum e o f  t he  750 l -

gasho lde r  i s  400 l  ( see  F igu re  14Error !  Reference  source  no t  found . ) .  

T he  Hydrau l i c  Re ten t i on  T ime  (HRT )  sugges t ed  by  ART I -TZ ,  wh ich  desc r i bes  the  ra t i o  

o f  t he  reac to r  vo l ume  ( 0 .85m 3 )  t o  t he  f l o w ra te  o f  t he  i n f l uen t  subs t ra te  (0 .02m 3 /day ) ,  i s  

42 .5  days .  T he  seeming l y  ra the r  l ong  pe r i od  o f  t ime  tha t  d iges t e r  l i qu i d  spends  i n  t he  

reac to r  i s  j us t i f i ed  by  t he  appearances  o f  s i nk ing  and  f l oa t i ng  l aye rs .  

2 .3 .3  D isseminat ion  and  costs  

Since  A RT I -TZ  s ta r ted  d i ssem ina t i ng  CBS i n  Novem ber  2006  un t i l  Novem ber  2008 ,  31  

ART I  Compac t  b iogas  un i t s  hav e  been  i ns ta l l ed  i n  T anzan ia  and  Uganda  (T ab le  11 ) .  

 
T a b l e  1 1 :  A R T I - C B S  i n s t a l l e d  b y  3 0  N o v e m b e r  2 0 0 8  

C o u n t r y  D i g e s t e r   
s i ze  Q u a n t i t y  L o c a t i o n  L e v e l  

T a n z a n i a  1 . 0 m 3  1 0  9  i n  D S M ,  1  i n  M b e y a  H o u s e h o l d  

 1 . 5 m 3  1  K y e l a  H o u s e h o l d  

 2 . 0 m 3  3  D S M  H o u s e h o l d  

 3 . 0 m 3  2  S a a d a n i  ( S a f a r i  L o d g e ) ,   
M b a g a l a  ( K i n a s i  L o d g e )  

I n s t i t u t i o n a l  

 2 . 0 m 3  4  2  o n  M a f i a  I s l a n d  ( K i n a s i  L o d g e )  
2  i n  D S M  ( a r m y  c a m p u s )  

I n s t i t u t i o n a l  

 3 . 0 m 3  3  D S M  ( A z a n i a  S e c o n d a r y  S c h o o l )  I n s t i t u t i o n a l  

 4 . 0 m 3  1  D S M  ( B e t h s a i d a  S e c .  S c h o o l )  I n s t i t u t i o n a l  

 1 . 0 m 3  1  D S M  ( A R T I - o f f i c e )  D e m o n s t r a t i o n  

 1 . 0 m 3  1  D S M  ( A R D H I - u n i v e r s i t y )  R e s e a r c h  

U g a n d a  2 . 5 m 3  
5 . 0 m 3  

2  
1  

K i t e n d e  ( S t . M a r y ’ s  S e c .  S c h o o l )  I n s t i t u t i o n a l  

 1 . 0 m 3  2  K a m p a l a  ( J E T - o f f i c e ,  A R T I - o f f i c e )  D e m o n s t r a t i o n  
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T a b l e  1 2 :  C o s t s  o f  t h e  A R T I - b i o g a s  p l a n t s  ( N o v e m b e r  2 0 0 8 )  

S i ze   
o f  d i g e s t e r  [ l ]  

S i ze   
o f  G a s h o l d e r  [ l ]  P r i c e  [ T Z S ]  P r i c e  [ E U R ]  

1 0 0 0  7 5 0  8 5 0 ’ 0 0 0 5 5 0

1 5 0 0  1 0 0 0  1 ’ 1 0 0 ’ 0 0 0 7 1 5

2 5 0 0  2 0 0 0  1 ’ 5 0 0 ’ 0 0 0 9 7 5

4 0 0 0  3 0 0 0  1 ’ 8 5 0 ’ 0 0 0 1 2 0 0

 

I t  i s  wor th  no t i ng  tha t  ART I -TZ  ceases  to  rec ommend  the  1000 l -d i ges te r  ( w i th  750 l  gas -

ho lde r )  as  i dea l  hous eho ld  p lan t  and  w i l l  i n  t he  nea r  f u tu re  adv i se  cus tomers  to  pu r -

chase  the  l a rge r  mode l  cons i s t i ng  o f  a  1500 l -d iges te r  and  1000 l - gasho lde r  (o ra l  i n fo r -

ma t i on  Po tn i s ,  18 .10 .08 ) .  



Z H A W  B a c h e l o r  T h e s i s  0 9  C h r i s t i a n  L o h r i  U I 0 5  

 19  

  

3 Materials and Methods  

3 .1  Research-plant  at  ARDHI Universi ty 

T o  conduc t  a  de ta i l ed  mon i to r i ng  o f  t he  A RT I  sys t em,  an  ART I  Compac t  b iogas  p lan t  

was  i ns ta l l ed  and  ope ra ted  on  t he  cam pus  o f  ARDHI  Un iv e rs i t y .  T h i s  a l l o wed  g r ea t  

f l ex ib i l i t y  i n  t e rms  o f  s ubs t ra te  c hanges  and  on -s i t e  measu remen ts  o f  t he  gas  p roduc -

t i on  and  c ompos i t i on .  T he  ana l yses  were  accomp l i s hed  i n  t he  nea rby  E nv i r onmen ta l  

Eng inee r ing  Labo r a to r y  o f  ARDHI  Un ive rs i t y .   

3 .1 .1  Ins ta l la t ion  

T he  i ns ta l l a t i on  o f  t he  ART I  Compac t  b iogas  s ys tem (d i -

ges te r  s i z e :  1000 l ,  gasho lde r :  750 l )  was  ca r r i ed  ou t  on  

30  J u l y  2008  by  an  A RT I -T echn ic ian  a t  t he  was te  wa t e r  

t r ea tmen t  expe r imen t - s i t e  o f  ARDHI -Un iv e r s i t y  (F igu r e  

8 ) .  T he  fenced  and  gua rded  l oca t i on  was  chosen  due  to  

secu r i t y  c ons ide ra t i on  and  good  access ib i l i t y  o f  wa te r .  

T o  gua ran t ee  d i rec t  s un l i gh t  (7 .5h  f rom 9 :00  to  16 : 30 )  

and  henc e  h igh  tempera tu re  i ns ide  the  d iges te r ,  t h ree  

med ium-s i z ed  t rees  s u r round ing  the  d i ges te r  had  to  be  

cu t  do wn  p rev ious  to  t he  i ns ta l l a t i on .  T he  d iges te r  was  

pu t  on  a  wo oden  pa l l e t .  

 
T a b l e  1 3 :  L i s t  o f  m a t e r i a l s  a n d  p r i c e s  u s e d  f o r  t h e  i n s t a l l a t i o n  o f  A R T I  p l a n t  

P i e c e s  P r o d u c t   P r i c e  [ T Z S ]  P r i c e  [ E u r o ]

1  H D P E  ( H i g h - d e n s i t y  p o l y e t h y l e n e )  W a t e r  t a n k  
1 0 0 0 l  ( S i m t a n k ) :  Ø 1 . 0 4 m ,  h e i g h t  1 . 2 5 m  1 5 2 ’ 0 0 0  9 8 . 6

1  H D P E - w a t e r t a n k  7 5 0 l  ( S i m t a n k )  
Ø 1 . 3 0 m ,  h e i g h t  0 . 9 0 m  1 1 0 ’ 0 0 0  7 1 . 4

1  T - C o n n e c t o r  3 ”   3 5 0 0  2 . 3

1  M a l e  S o c k e t  3 ”  4 5 0 0  2 . 9

1  F e m a l e  S o c k e t  3 ”  4 5 0 0  2 . 9

1  M a l e  S o c k e t  2 ”    3 0 0 0  1 . 9

1  B u c k n u t  2 ”   1 8 0 0  1 . 2

1  E l b o w  2 ”  1 5 0 0  1 . 0

1  T a n k  C o n n e c t o r  ¾ “   3 5 0 0  2 . 3

1  B u s h  ¾ ”  *  ½ ”     6 0 0  0 . 4

1  N i p p l e  ½ ”  6 0 0  0 . 4

1  E l b o w  ½ ”  5 0 0  0 . 3

1  C o c k  ½ ”   2 0 0 0  1 . 3

2  S o l i d  T a p e   2 0 0 0  1 . 3

2  T a n g i t  C l u e   3 0 0 0  1 . 9

1  2 - C o m p o n e n t  E p o x y   ( M - S e a l )  3 0 0 0  1 . 9

1  P i p e  3 ”  ( l e n g t h  1 8 0  c m )          [ 6 m  =  1 2 ' 0 0 0  T Z S ]  4 0 0 0  2 . 6

1  P i p e  2 ”   ( l e n g t h  1 0 0  c m )          [ 6 m  =  1 0 ’ 5 0 0  T Z S ]  2 0 0 0  1 . 3

1  H o s e  ( 5 m )  5 0 0 0  3 . 2

1  G a s s t o v e         5 0 ’ 0 0 0  3 2 . 5

 L a b o r  1 0 0 ’ 0 0 0  6 4 . 9

 T o t a l  4 5 7 ’ 0 0 0  2 9 5 . 6

 

 
F i g u r e  8 :  E x p e r i m e n t a l  s i t e  
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T he  fo l l o wing  add i t i ona l  pa r t s  wer e  used  exc l us i ve l y  f o r  t he  resea rch  p lan t :   

1  PVC p lug  2 ” ,  1  PVC Socke t  3 ”  *  2 ” ,  1  Ba l l  Va l ve  2 ” ,  1  T ank  Connec to r  ¾” ,  1  Bucknu t  

¾”  *  ½“ ,  1  PVC Cock  ½,  1  manomete r  (0 -60mbar )  t o  m easu r e  the  gas  p ressu r e  i ns ide  

the  d iges te r .  

 

Procedure  

A de ta i l ed  desc r i p t i on  o f  t he  i ns ta l l a t i on  p r oc edur e  toge the r  w i th  a  pho to -docum en ta t i o n  

i s  a t t ached  i n  Append ix  B2 .  A  DVD p r oduc ed  by  ART I - Ind ia  i nc ludes  a  v i s ua l  “do - i t -

you rse l f ”  i n s t ruc t i on  and  can  be  o r de red  f rom  ART I - Ind ia .  T he  who le  i ns ta l l a t i on  i nc lud-

i ng  the  i nocu la t i on  o f  t he  ARDHI  p lan t  was  ca r r i ed  ou t  by  one  pe rson  and  was  com-

p le ted  w i th i n  3 .5  hou rs .  

 

I nocu lum and  s tar t -up  

60kg  o f  d r i ed  co w dung  (T S :  23%,  VS :  74%)  we re  

g radua l l y  m ixed  by  hand  wi th  wa t e r  i n  25 l  buc ke ts  

and  s t ra w ma te r i a l  was  remov ed  (F igu r e  9 ) .  T he  

homogenous  mass  wa s  then  pou red  i n to  t he  d i -

ges te r .  App rox ima t e l y  300 l  o f  e f f l uen t  (pH :  6 .38 ,  

Redox-Po ten t i a l :  - 238mV,  T S :  0 .12%,  VS :  12%,  

COD:  842mg/ l )  f r om the  ex i s t i ng  p lan t  a t  ART I -

o f f i ce  was  added  to  t he  d iges te r  and  se rv ed  as  

pa r t  o f  t he  i nocu lum.  T h i s  e f f l uen t  had  p r ev ious l y  

been  en r i c hed  wi th  a  s pec ia l  po wder -m ix ,  wh ic h  i nc ludes  f l ou r  and  yeas t  bac te r i a .  Ac -

co rd i ng  to  t he  ART I  d i rec to r ,  t h i s  s tep  i s  done  to  c rea te  a  sec re t  abou t  t he  s ta r t -up  and  

p reven ts  us e rs  f rom do ing  the  i ns ta l l a t i on  w i t hou t  s uppo r t  o f  ART I -TZ  (Ora l  i n fo rma t ion  

Po tn i s ,  6 .8 .08 ) .  Fo l l o wi ng  the  i ns ta l l a t i on  and  i nocu la t i on ,  t he  d iges t e r  was  l e f t  w i t hou t  

f eed ing  fo r  10  days ,  i n  wh ic h  the  change  i n  gas  compos i t i on  was  reco rded  and  the  gas  

re leased  on  a  da i l y  bas i s .  

3 .1 .2  Feedstock  and  feed ing  p lan  

Organ ic  househo ld  wa s te  i n  DSM  ma in l y  cons i s t s  o f  k i t chen  was te ,  wh i c h  c an  be  d i -

v i ded  i n to  f ood  l e f t ove rs  and  pee l i ngs  o r  p ieces  o f  vege tab les  and  f ru i t s .  I t  was  the re -

fo re  dec ided  to  t es t  t wo  d i f f e ren t  subs t ra tes  i n  t he  resea rch  p l an t ,  bo th  rep r esen t i ng  

t yp i c a l  pa r t s  o f  hous eho ld  k i t c hen  was te :  Food  was te  (F W)  and  was te  f rom the  vege ta -

b le / f r u i t  marke t  (MW) .   

 

 
F i g u r e  9 :  P r e p a r i n g  o f  c o w  d u n g  
 

 

 
F i g u r e  1 0 :  F o o d  w a s t e  ( F W ,  l e f t )  a n d  m a r k e t  w a s t e  ( M W ,  r i g h t )  
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T he  food  r ema ins  we re  co l l ec ted  f rom the  s tuden t ’ s  can teen  a t  ARDHI -Un ive rs i t y .  

T hese  l e f t ove rs  cons i s ted  o f  s t i f f  ma ize  po r r i dge  (Uga l i ) ,  r i ce ,  vege tab le  (beans  and  

sp inach ) ,  po ta to  ch i ps ,  p iec es  o f  mea t  w i th  sauce  and  f i sh  res i due  (F igu re  10 ) .  O range  

and  banana  pee l i ngs  were  a l so  m erged  i n to  t he  food  r ema ins .  S oda  caps ,  t oo th  p i cks  

and  mea t  bones  we re  f requen t l y  among  the  food  was te  and  had  to  be  removed .   

 

F ru i t -  and  vege tab le  was te  was  ob ta i ned  f r om M wenge  marke t .  I t s  compos i t i on  was  

spo i l ed  f ru i t s  (papaya ,  o range ,  banana ,  av ocado ,  p ineapp le ,  pas s ion  f ru i t ) ,  spo i l ed  

vege tab les  ( t oma to ,  eggp lan t ,  peppe ron i ,  ca r ro t ,  po ta to ,  cucumber ,  on ion ,  sp inach ,  

p lan ta in ,  ok ra ,  b rocco l i )  and  vege t ab le  pee l i ngs  ( cabbage ,  bean ,  cassava )  (F igu re  10 ) .  

A l l  was tes  we re  s to red  i n  c l osed  bucke ts  and  used  wi t h in  a  max im um  o f  4  days .   

 

Pre - t rea tment  and  d i lu t ion  o f  feedstock  

T he  ob jec t i ve  o f  p re - t r ea tmen t  i s  t o  reduc e  the  s i z e  o f  subs t ra te  pa r t i c l es  i n  o rde r  t o  

mee t  t he  bas i c  requ i r emen t  o f  f i t t i ng  i n t o  t h e  3 ” -  i n l e t - p ipe .  I n  add i t i on ,  i nc r eas ing  the  

su r face  o f  t he  feeds toc k  a l l o ws  be t te r  d iges t i on  fo r  t he  bac te r i a  res pons ib l e  f o r  t he  hy-

d ro l ys i s .  T he  p i eces  o f  bo th  subs t ra tes  wer e  t rea ted  p r ev ious  to  t he  feed ing  to  a t t a in  a  

pa r t i c l e  s i ze  o f  l ess  than  1cm.  

 

F igu re  11  s ho ws  tha t  p re - t rea tmen t  o f  f ood  was te  was  on l y  needed  fo r  t he  m ea t ,  f i sh  

and  f ru i t  p i eces .  T hey  we re  e i t he r  cu t  up  w i t h  a  k i t chen  kn i f e  o r  m inced  wi t h  a  manua l  

mea t -m ince r .  T he  l a rge  quan t i t y  and  f i b r ous  te x tu re  o f  t he  marke t  wa s te ,  comb ined  wi t h  

t he  sma l l  s i ze  o f  t he  m ea t -m inc e r  and  the  repea ted  b lun tness  o f  i t s  kn i ves ,  res u l t ed  i n  

a  l o w conv en ience  f o r  t he  ope ra t o r .  As  a  co nsequence ,  t he  f ru i t  and  vege tab le  was te  

we re  cu t  up  manua l l y  and  then  p repa red  w i th  an  e lec t r i c  k i t chen  b l ende r  ( Ph i l i ps ,  

HR2810 /A ,  400W)  (F igu re  12 ) .   

 

 

 

 
F i g u r e  1 1 :  F o o d  w a s t e  r a w ,  m a s h e d ,  m i n c e d  ( l e f t  t o  r i g h t )  

 

 
F i g u r e  1 2 :  M a r k e t  w a s t e  r a w ,  m a n u a l l y  c u t ,  b l e n d e d  a n d  d i l u t e d  ( l e f t  t o  r i g h t )  
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Feed ing  p lan  
T he  expe r imen ta l  des i gn  i n  t e rms  o f  f eed ing  was  d i v i ded  i n to  t h ree  phas es  (T ab le  14 ) :  

 

 Phase  1 :  S ta r t -up  

T he  quan t i t y  o f  f eeds tock  du r i ng  the  s ta r t -up  pe r i od  ( f i r s t  week )  was  con t i nuous l y  i n -

c reased  by  150g  pe r  f eed  un t i l  1kg  i n  t he  mor n ing  and  1k g  i n  t he  ev en ing  was  r eached .  

A f te r war ds ,  can teen  was te  was  fed  fo r  t wo  weeks  ( 2kg  pe r  day ) ,  acco rd ing  to  t he  i n -

s t ruc t i ons  o f  ART I -TZ :  T he  chopped  feeds tock  (1kg  t w i ce  a  day )  was  g i ven  i n to  t he  i n le t  

p ipe  th rough  a  funne l  ( made  o f  a  c u t -up  6 l  wa te r  bo t t l e  and  a  p iec e  o f  p ipe )  and  subs e -

quen t l y  f l u shed  wi th  10 l  o f  wa te r .  T he  e f f l uen t  (10 l )  l anded  i n  t he  ov e r f l ow buck e t ,  

wh i ch  was  empt ied  da i l y .   

 A im  o f  phase  1 :  Ge t t i ng  to  know the  s ys tem and  f i nd i ng  ad jus tm en ts  o f  t he  feed ing    

p rocedure  t o  enhanc e  the  d i ges t i on  p rocess .   

 

 Phase  2 :  Feed ing  s t ra tegy  

T he  fo l l o wing  m ino r  ad jus tmen ts  o f  t he  feed in g  me thod  were  consequen t l y  app l i ed  whe n  

f i r s t  f eed ing  2kg  o f  can teen  was te  pe r  day  and  a f te r war ds  2kg  o f  marke t  was te :  T he  cu t  

up  feeds toc k  was  m ixed  p r ev ious  to  t he  feed ing  by  g i v i ng  i t  i n to  a  bucke t  and  f i l l i ng  i t  

up  to  t he  10 l  m ark  w i t h  wa t e r  ( s t o red  i n  a  c on ta i ne r  nex t  t o  t he  d i ges te r  t o  gua ran tee  

equa l  t em pera tu res ) .  T he  we l l  s t i r r ed  d i l u ted  feeds t oc k  was  then  pou r ed  as  i n f l uen t  

t h rough  the  i n le t -p i pe  to  m in im ise  the  r i sk  o f  b lock ing .  T he  e f f l uen t  i n  t he  ove r f l o w 

bucke t  was  t wo  to  t h ree  t imes  fed  back  fo r  f l ush ing  the  i n le t  p i pe  (20 -30 l ) ,  he reby  m i x -

i ng  the  bac te r i a  o f  t he  e f f l uen t  w i th  t he  f r esh  i n f l uen t .  The  am oun t  o f  2kg  pe r  day  was  

chosen  as  i t  r ep res en t s  a  rea l i s t i c  quan t i t y  o f  o rgan ic  was te  p r oduced  by  an  ave rage  

hous eho ld  i n  Da r  es  Sa laam (see  2 .1 .3 ) .  

 A im  o f  phase  2 :  Ob ta in i ng  and  compar ing  the  i n f l uen t ,  gas  p roduc t i on /compos i t i on  

and  e f f l uen t  ove r  a  pe r i od  o f  cons tan t  f eed ing  ( reac h ing  s teady  s t a te  cond i t i ons )  f o r  

bo th  subs t r a tes .   

 

 Phase  3 :  M ax imum load   

A f te r  a  b reak  o f  one  week ,  t he  feed ing  l oad  o f  bo th  subs t ra tes  was  i nc reas ed  up  to  

5kg /day  to  obse rv e  i f  t he  ope ra t i ona l ,  b i o log i ca l  o r  chem ica l -phys i c a l  l im i t  was  reached .   

 A im  o f  phase  3 :  T es t i ng  the  capac i t y  o f  t he  s ys tem g i ven  by  i t s  s i ze ,  cons t ruc t i on  o r  

b io l ogy  i nv o l ved .   

 

T o  a t ta in  compar ab le  resu l t s ,  t he  t ime  o f  f eed ing  and  measur i ng  was  a t temp ted  to  be  

a round  8 :30  and  17 : 00  each  day .   
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T a b l e  1 4 :  F e e d i n g  p l a n  o f  t h e  A R T I  r e s e a r c h  b i o g a s  p l a n t  a t  A R D H I  U n i v e r s i t y  

Week  
 

Mon th  
 

Phase  
 

Top ic / feeds tock  
 

Amoun t  pe r  feed  
[ kg ]

To ta l  da i l y  feed  
[ kg /d ]  

Wate r / feed 
[ l ]

31  Ju l y  
i ns ta l l a t i on  &  

s ta r t -up        
32  Augus t  s ta r t -up        
33    0 .15  -  1 .0  0 .3  -  2 .0  
34    

35    

Phase  
1  

36  Sep tember  

1 .0  2 .0  

37    

f oodwas te  

0 .5  1 .0  

ca .9  

38    0 .5  1 .0  

39    
40  Oc tober  

Phase  
2  

marke twas te   
1 .0  2 .0  

ca .9  

41      pause        

42    0 .5  -  1 .5  1 .0  -  3 .0  

43    
marke twas te  (max)  

2 .0  -  2 .5  4 .0  -  5 .0  
ca .8  

44  November  0 .5  -  1 .0  1 .0  -  2 .0  

45    1 .5  -  2 .0  3 .0  -  4 .0  

46    

Phase  
3  

foodwas te  (max)  

2 .0  -  2 .5  4 .0  -  5 .0  

ca .8  

47              

48    gasho lde r  remova l :  examin ing  s ludge ,  s t ra t i f i ca t i on  and  exac t  d iges te r  vo lume  
 

 

An al yz ed  feedstock  p aramete rs  
T a b l e  1 5  p r esen ts  t he  ana l ysed  pa ram ete rs  o f  t he  i n f l uen t .  T he  ob jec t i ves  o f  t hese  

ana l yses  were  to  cha r ac te r i ze  the  ra w feeds tock  and  d i l u t ed  feeds tock  ( i n f l uen t )  re -

spec t i ve l y  and  to  com pare  these  resu l t s  a f t e r wa rds  w i t h  t hose  o f  t he  e f f l uen t .  T h i s  con -

sequen t l y  a l l o wed  an  eva lua t i on  rega rd ing  the  e f f i c i enc y  o f  t he  AD p rocess .  

 
T a b l e  1 5 :  A n a l y s e d  f e e d s t o c k  p a r a m e t e r s  ( T S ,  V S )  a n d  d i l u t e d  i n f l u e n t  p a r a m e t e r s  ( a l l )  

P a r a m e t e r  E x p l a n a t i o n /  R e l e v a n c e  M e t h o d  &   
I n s t r u m e n t s  

F r e q u e n c y  
( P h a s e  2 )  

T o t a l  S o l i d s  
( T S )  

R e s i d u e  u p o n  w a t e r  e v a p o r a t i o n  
a f t e r  4 8  h o u r s  d r y i n g  a t  1 0 5 ° C  
r e p r e s e n t s  t h e  t o t a l  s o l i d s  a n d  
p r e s e n t s  a  r a w  e s t i m a t i o n  o f  a l l  
t h e  o r g a n i c  a n d  i n o r g a n i c  m a t t e r  
c o n t e n t  i n  t h e  o r i g i n a l  s a m p l e .  

O v e n  
( T o s c h n i v a l )  
P r e c i s i o n  S c a l e  
( S a t o r i u s  2 3 5 5 )  

T w i c e   
p e r  w e e k  

T o t a l  V o l a t i l e   
S o l i d s  ( V S )  

T h e  f r a c t i o n  o f  s o l i d  m a t t e r  t h a t  
c a n  b e  o x i d i s e d  a n d  d r i v e n  o f f  a s  
g a s  a t  5 5 0 ° C  f o r  2  h o u r s  ( c o n s t a n t  
w e i g h t )  i s  a n  a p p r o x i m a t i o n  o f  t h e  
o r g a n i c  f r a c t i o n  o f  t h e  d r y  m a t t e r  
d e t e r m i n e d  a t  1 0 5 ° C  ( T S ) .  T h e  
r e s i d u e  i s  t h e  i n e r t  ( m i n e r a l )  f r a c -
t i o n ,  m a i n l y  d u e  t o  i n o r g a n i c  m a t -
t e r .  

M u f f e l - F u r n a c e  
( V e c s t a r ,  L F 3 )  
P r e c i s i o n  S c a l e  
( S a t o r i u s  2 3 5 5 )  

T w i c e   
p e r  w e e k  

T o t a l  C h e m i c a l  
O x yg e n  D e m a n d  
( C O D t o t a l )  

T h e  o x y g e n  e q u i v a l e n t  o f  t h e  o r -
g a n i c  m a t t e r  t h a t  c a n  b e  o x i d i s e d .  
C O D t o t a l  i s  a  m e a s u r e  o f  a l l  t h e  
o r g a n i c  m a t t e r  i n  t h e  s a m p l e .  

C l o s e d  R e f l u x -  
M e t h o d  
P h o t o s p e c t r o m e t e r  
( H a c h  D R / 2 0 1 0 )  

T w i c e   
p e r  w e e k  

D i s s o l ve d  
C h e m i c a l  O x yg e n  
D e m a n d   
( C O D d i s s o l v e d )  

T h e  C O D d i s s o l v e d  s h o w s  t h e  
a m o u n t  o f  q u i c k l y  d i g e s t i b l e  f e e d -
s t o c k  i n  t h e  s a m p l e .  

C l o s e d  R e f l u x -  
M e t h o d  
( V a c u u m  p u m p ,  
m e m b r a n e  f i l t e r )  
P h o t o s p e c t r o m e t e r  
( H a c h  D R / 2 0 1 0 )  

T w i c e   
p e r  w e e k  

Am m o n i u m -
N i t r o g e n   
( N H 4 - N )  

A n a e r o b i c  d i g e s t i o n  o f  N -
c o n t a i n i n g  c o m p o u n d s  r e l e a s e  
N H 4

+ ,  w h i c h  i s  u s e d  b y  t h e  b a c t e -
r i a  a s  t h e i r  s o u r c e  o f  n i t r o g e n .  
O p t i m a l  N H 4 - N  c o n c e n t r a t i o n  i n  
d i g e s t e r :  < 1 0 0 0 m g / l  

N e s s l e r  M e t h o d  
( F i l t e r  p a p e r )   
P h o t o s p e c t r o m e t e r  
( H a c h  D R / 2 0 1 0 )  

T w i c e   
p e r  w e e k  
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T o t a l  N i t r o g e n  
T K N  
( N t o t )  

E s s e n t i a l  n u t r i e n t  t o  g r o w t h  o f  
o r g a n i s m s .  O r g a n i c  n i t r o g e n  a n d  
a m m o n i a  a r e  t o g e t h e r  r e f e r r e d  t o  
a s  K j e l d a h l  n i t r o g e n .  

S e m i - M i c r o -
K j e l d a h l  M e t h o d  
( c o n d u c t e d  b y  D S M  
U n i v e r s i t y )  

3  t i m e s  p e r  
f e e d s t o c k  

T o t a l   
P h o s p h o r u s  
( P t o t )  

E s s e n t i a l  n u t r i e n t  t o  g r o w t h  o f  
o r g a n i s m s ,  i n c l u d e  o r t h o p h o s -
p h a t e s  a n d  o r g a n i c a l l y  b o u n d  
p h o s p h a t e s .  

A c i d  P e r s u l f a t e -  
D i g e s t i o n  M e t h o d  
P h o t o s p e c t r o m e t e r  
( H a c h  D R / 2 0 1 0 )  

3  t i m e s   
p e r  f e e d s t o c k  

 

T he  th ree  s amp les  pe r  f eeds tock  fo r  T o ta l  N i t rogen  ana l yses  wer e  s to red  i n  t he  f r i dge  

and  l a te r on  b rough t  t o  t he  l abo r a to r y  o f  DS M Un ive rs i t y .  T he  pH va lue  and  T empera tu r e  

o f  t he  d i l u t ed  feeds t ock  wer e  measur ed  spo rad i ca l l y  ( Hach - Lange  Sens ion156) .  Fo r  

de ta i l ed  me thodo logy  desc r i p t i on  s ee  Append i x  A1 .  

3 .1 .3  Mon i to r ing  o f  d iges ter  ac t i v i t y  

I n  o rde r  t o  mon i to r  t he  b io l og i c a l  pe r fo rmanc e  o f  t he  

d i f f e ren t  l aye rs  i ns i de  the  uns t i r r ed  d i ges te r ,  t h ree  

samp l i ng  s ou rces  we r e  chos en  ( F igu re  13 ) :  A t  t he  

he igh t  o f  t he  i n le t  p i pe  on  the  bo t t om o f  t he  d iges te r  

( l o w) ,  on  med ium he igh t  (m idd le :  0 .62m above  the  

g round)  and  a t  t he  he igh t  o f  t he  ov e r f l ow p i pe  

(h igh ) .  Eac h  t ime  be f o re  feed ing ,  5 l  o f  d iges te r  l i q -

u id  we re  r e leas ed  th rough  the  ba l l  va l ve  on  t he  bo t -

t om to  ana l yz e  the  pH and  tem pera tu r e  ( l o w) .  T he  

same was  done  wi th  1 l  o f f  t he  tap  a t  med ium he igh t  

(m idd le ,  each  a f te rnoon  the  Redox -P o ten t i a l  was  

add i t i ona l l y  measu red  he re )  and  a f te r wa rds  the  pH  

and  T empera tu re  wer e  a l so  ana l ysed  by  d ipp ing  the  

e lec t rode  i n to  t he  d iges te r  su r face  (h igh ) .  

 

3 .1 .4  Gas  measurements  

T he  gas  p roduc ed  i n  t he  d i ges te r  o f  t he  res ea rch  p lan t  a t  ARDHI  Un ive rs i t y  was  re -

l eas ed  wi thou t  u t i l i z a t i on .   

 
Gas  p roduct ion  

Di f fe ren t  m e thods  wer e  taken  i n to  cons ide ra t i on  to  m easu re  the  da i l y  gas  p r oduc t i on  

(L iqu id  d i s p lacem en t ,  rock ing  d i s p lacem en t  gasmete r ,  gasomete r ,  f l o w-me te r ,  Append i x  

C1  &  C2) .  Ho wev er ,  a l l  o f  t hem requ i r e  f i xa t i on  o f  t he  f l oa t i ng  d rum  and  hence  a l t e r  t he  

s ys tem as  a  who le ,  e . g .  t he  coun te r  p ressu r e  caus ed  by  the  a t tached  i ns t rum en t  l eads  

to  a  s ign i f i can t  reduc t i on  o f  d i ges te r  l i qu i d  be fo re  i t  i s  ove rcome.  L iqu id  d i s p lac emen t  

was  no t  su i t ab le  as  i t  on l y  r ep r es en ts  t he  gas  p roduc t i on  ov e r  a  s ho r t  pe r i od  o f  t im e  

and  i s  t he r e fo re  ra the r  app l i c ab le  fo r  l ab -s ca le  reac t o rs  w i th  ba tch - feed ing .  T he  ex -

t reme l y  l o w gas  p roduc t i on  ra te  pe r  t ime ,  wh ic h  resu l t ed  i n  l o w f l o w r a tes  was  the  ma in  

obs tac l e  f o r  f l o w-me te r ,  r ock ing  d i sp lac emen t  gasm ete r  and  gas om ete r .  T he  gasomete r  

(Sch lum ber ge r )  f o r  examp le  requ i res  a  m in im um f l o w ra t e  o r  pe rm anen t  gas  p r oduc t i on  

o f  16 l / h ,  wh i ch  was  no t  reached .  

 
     F i g u r e  1 3 :  S a m p l i n g  p o i n t s  
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A f te r  numer ous  exper imen ts ,  i t  was  

dec ided  to  app l y  a  s ca l i ng  on  the  

gasho lde r .  Henc e  the  b i ogas  p ro -

duced  was  s to red  i n  t he  c l osed  

gasho lde r  un t i l  t he  d r um was  l i f t ed  

to  max ima l  ex ten t .  Con t ro l l ed  by  

the  Gasom ete r ,  20 l  o f  gas  was  r e -

l eas ed .  T he  tap  was  then  c los ed  

and  a  wh i t e  l i ne  d r a wn  on  the  gas -

ho lde r  j us t  abov e  t he  s u r face  o f  t he  

d iges te r  l i qu i d ,  us ing  a  T ipp -Ex  

marke r .  Th i s  p rocedure  was  r e -

pea ted  un t i l  a l l  b i ogas  (400 l )  was  

re leased .  T he  sca l i ng  was  con -

t ro l l ed  by  c a l cu l a t i on  (F igu re  14 ) .  

 

 

 

 

 

 

 

 

 

 

S ta r t i ng  on  17  Augus t  2008 ,  t he  amoun t  o f  gas  i n  t he  gasho lde r  was  reco r ded  da i l y  i n  

t he  morn ing  and  a f te rnoon  be fo re  feed ing .  

 

Gas composi t ion  

T he  Dräger  X -am 7000  was  us ed  to  measur e  the  vo lum e pe rcen tage  o f  me thane  (CH 4 ) ,  

ca rbon  d iox ide  (CO 2 )  and  oxygen  (O 2 )  i n  t he  b iogas .  I n t eg ra ted  senso rs  f u r the r  revea l  

t he  con ten t  o f  hyd rogen  su lph ide  (H 2 S)  i n  t he  range  o f  0  –  100ppm and  o f  ammon ia  

(NH 3 )  be t ween  0  and  200ppm.  T he  gas  c ompos i t i on  was  measu red  on  a  da i l y  bas i s  

t h roughou t  phas e  1  to  3  i n  t he  a f te rnoon  (be f o re  feed ing )  wh i l e  re leas ing  the  gas .   

 
         F i g u r e  1 4 :  S c a l i n g  o n  g a s h o l d e r  

 

 
F i g u r e  1 5 :  C o n t i n u o u s  r i s i n g  o f  g a s h o l d e r  p r o p o r t i o n a l  t o  g a s  p r o d u c t i o n  
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3 .1 .5  E f f luen t  

T ab le  16  p resen ts  t he  e f f l uen t  pa ram ete rs ,  exp la ins  t he i r  re lev ance  and  l i s t s  t he  

me thod  and  f requenc y  o f  ana l ys es .   

 
T a b l e  1 6 :  A n a l y z e d  e f f l u e n t  p a r a m e t e r s  

P a r a m e t e r  E x p l a n a t i o n  /  R e l e v a n c e  M e t h o d  &  m e a n s  F r e q u e n c y  
( P h a s e  2 )  

p H  

I n d i c a t e s  i n t e n s i t y  o f  a c i d i c  
o r  b a s i c  c h a r a c t e r  o f  t h e  
s o l u t i o n  a t  a  g i v e n  t e m p .  
O p t i m a l  p H - r a n g e  f o r  o n e -
s t a g e  d i g e s t e r :  6 . 5 - 7 . 5  

S e n s i o n  1 5 6   
( H a c h - L a n g e )  

D a i l y   
b e f o r e  f e e d i n g  
( l o w , m i d d l e , h i g h )

T e m p e r a t u r e  

M e a s u r e  o f  t h e  a v e r a g e  k i -
n e t i c  e n e r g y  o f  a t o m s  o r  
m o l e c u l e s .  
O p t i m a l  t e m p . - r a n g e  f o r  
m e s o p h i l i c  b a c t e r i a :  3 5 ° C  

S e n s i o n  1 5 6   
( H a c h - L a n g e )  

D a i l y   
b e f o r e  f e e d i n g  
( l o w , m i d d l e , h i g h )

R e d o x - P o t e n t i a l  
M e a s u r e  o f  t h e  a f f i n i t y  o f  a  
s u b s t a n c e  f o r  e l e c t r o n s .  
O p t i m a l  R e d o x - P o t e n t i a l  f o r  
C H 4 - p r o d u c t i o n :  < 3 3 0 m V  

S e n s i o n  1 5 6   
( H a c h - L a n g e )  

D a i l y   
b e f o r e  f e e d i n g  
i n  a f t e r n o o n  
( m i d d l e )  

T o t a l  S o l i d s  ( T S )  S e e  3 . 1 . 2  S e e  3 . 1 . 2  T w i c e   
p e r  w e e k  

T o t a l  V o l a t i l e  S o l i d s  
( V S )  S e e  3 . 1 . 2  S e e  3 . 1 . 2  T w i c e   

p e r  w e e k  
T o t a l  C h e m i c a l   
O x yg e n  D e m a n d  
( C O D t o t a l )  

S e e  3 . 1 . 2  S e e  3 . 1 . 2  T w i c e   
p e r  w e e k  

D i s s o l ve d  C h e m i c a l  
O x yg e n  D e m a n d   
( C O D d i s s o l v e d )  

S e e  3 . 1 . 2  S e e  3 . 1 . 2  T w i c e   
p e r  w e e k  

V o l a t i l e  F a t t y  Ac i d s  
( V F A)  

F a t t y  a c i d s  w i t h  a  c a r b o n  
c h a i n  o f  s i x  c a r b o n s  o r  f e w e r  
a r e  p r o d u c e d  i n  t h e  f i r s t  
s t a g e  o f  t h e  a n a e r o b i c  d i g e s -
t i o n  p r o c e s s .   
I n h i b i t i n g  c o n c e n t r a t i o n :  
> 3 0 0 0 m g / l  ( E d e r  & S c h u l z )  

N o r d m a n n -  
T i t r a t i o n  
( P h a s e  2 & 3 )  
K a p p - T i t r a t i o n  
( P h a s e  3 )  

T w i c e   
p e r  w e e k  

R a t i o  o f  V o l a t i l e  
F a t t y  Ac i d s  t o  T o t a l  
I n o r g a n i c  C a r b o n  
( A / T I C - r a t i o )  

An inc rease  in  ac ids -  (o r  p ro -
po r t i ona l  dec rease  in  ca rbon-
a te  a lka l i n i t y - )  concent ra t ion  
i s  the  f i r s t  p rac t i ca l  measur -
ab le  i nd i ca t i on  tha t  an  an -
aerob ic  t rea tmen t  sys tem i s  i n  
a  s ta te  o f  s t ress .   

N o r d m a n n -
T i t r a t i o n  
( P h a s e  2 ) ,   
K a p p - T i t r a t i o n  
( P h a s e  3 )  

T w i c e   
p e r  w e e k  

T o t a l  N i t r o g e n   
( N  t o t )  S e e  3 . 1 . 2  S e e  3 . 1 . 2  4  t i m e s  p e r  f e e d -

s t o c k  
Am m o n i u m - N i t r o g e n  
( N H 4 - N )  S e e  3 . 1 . 2   S e e  3 . 1 . 2   T w i c e  

p e r  w e e k  
T o t a l  P h o s p h o r u s  
( P  t o t )  S e e  3 . 1 . 2  S e e  3 . 1 . 2  

4  t i m e s   
p e r  f e e d s t o c k  

P h o s p h a t e   
( P O 4 )  

F r a c t i o n  o f  t o t a l  p h o s p h o r u s  
w h i c h  i s  d i r e c t l y  a v a i l a b l e  t o  
m i c r o o r g a n i s m s  

P h o s V e r 3  M e t h o d  
( F i l t e r  p a p e r )  
P h o t o s p e c t r o m e t e r  
( H a c h  D R / 2 0 1 0 )  

T w i c e   
p e r  w e e k  

H e a v y  M e t a l s   
( C d ,  C u ,  P b )  

T o x i c  e f f e c t  ( f o r  A D ) :  
P b :  3 4 0 m g / l   
C u :  1 7 0 - 3 0 0 m g / l  
C d :  2 0 - 6 0 0 m g / l   
( E d e r & S c h u l z ,  2 0 0 3 )  

A t o m i c  A b s o r p t i o n  
S p e c t r o m e t e r  
( A A S )  

4  t i m e s   
p e r  f e e d s t o c k  

 

De ta i l ed  m e thodo log ies  fo r  T S,  VS ,  Ammon ium,  T o ta l  N i t rogen ,  Phospha te ,  T o ta l  Phos -

pho r us  and  Chemic a l  Oxygen  Dem and  a r e  des c r ibed  i n  A ppend i x  A 1 .  T he  t i t r a t i on  me th -

odo log ies  fo r  VFA,  a l ka l i n i t y  and  A /T IC- ra t i o  (acco rd i ng  to  Nordmann  and  Kapp )  can  be  

found  i n  Append i x  A2 .  
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3 .1 .6  Ca lcu la t ions  

T he  ope ra t i ona l  pa r am ete rs  comm on l y  us ed  t o  desc r i be  anaerob i c  p rocesses  a r e  l i s ted  

and  exp la ined  under nea th  (Ma ta -A lva rez ,  2003) .  

 

 

 Hyd rau l i c  Re ten t i on  T ime  (HRT )  

Desc r i bes  t he  ra t i o  o f  t he  reac to r  vo lum e to  t he  f l o w ra te  o f  t he  feed .  I t  hence  ex -

p resses  the  t ime  a  f l u i d  e lem en t  spends  i n  t he  d iges te r  ( s t r i c t l y  t r ue  fo r  i dea l  r eac to rs ) .  

 

     
 

HRT =  hyd rau l i c  re ten t i on  t ime  [days ]  
V =  reac to r  vo lume  [m 3 ]  

Q  =  f l ow ra te  [m 3 /day ]  

 

 

 

 

 So l i d  Re ten t i on  T ime  (SRT )  

Desc r i bes  t he  ra t i o  be t ween  the  c on ten t  o f  t o ta l  so l i ds  i n  t he  reac to r  and  the  so l i ds  f l o w 

ra te  o f  t he  e f f l uen t .  

  
 
 
SRT =  so l i d  re ten t i on  t ime  [ days ]  

V  =  reac to r  vo lume  [m 3 ]  

X  =  vo la t i l e  s o l i ds  c oncen t ra t i on  i n  t he  reac to r  [ kg  VS /m 3 ]  

W =  f l ow ra te  o f  t he  ex t rac ted  vo la t i l e  ma t te r  f r om the  reac to r  [ kg  VS /day ]  

 

 

 

 

 O rgan ic  Load ing  Ra te  (OLR)  

Desc r i bes  the  subs t ra te  quan t i t y  i n t roduced  i n to  the  r eac to r  vo l ume in  a  g i ven  t ime ,  

wher eby  the  subs t ra te  can  be  de f i ned  as  T S ,  VS ,  COD o r  BOD.  

 

 
 

OLR =  o rgan i c  l oad ing  ra te  [ kg  feed /m 3  reac to r  day ]  

Q  =  subs t ra te  f l ow ra t e  [m 3 /day ]  

S  =  subs t ra te  concen t ra t i on  i n  t he  i n f l o w [ kg /m 3 ]  

V  =  reac to r  vo lume  [m 3 ]  

 

 

 

 

HRT =  V  /  Q  

SRT =  V*X /W 

OLR =  Q*S /V  
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 Gas  P roduc t i on  Ra te  ( GPR)  

Desc r i bes  the  ra t i o  be tween  the  p r oduc ed  b i ogas  and  reac to r  vo lume  in  a  g i ven  t ime .  

 

 
 

GPR  =  gas  p roduc t i on  ra te  [m 3  gas /m 3  reac to r  day ]  

Q b i o g a s  =  b iogas  f l ow ra te  [m 3 /day ]  

V  =  reac to r  vo lume  [m 3 ]  

 

 

 

 Spec i f i c  Gas  P roduc t i on  (SGP)  

Ind i ca tes  the  b iogas  p r oduc ed  by  a  un i t  o f  m ass  o f  subs t ra te ,  i n  t e rms  o f  t he  to ta l  vo l a -

t i l e  so l i ds  i n  t he  feed ,  as  m 3
b i o g a s / kg s u b s t r a t e  f e d .  T h i s  i ndex  i s  s t r i c t l y  l i nked  bo th  to  t he  

b iodeg r adab i l i t y  o f  t he  fed  s ubs t r a te  and  to  t he  p r ocess  a t t i t ude .  The  SGP  va lue  i s  o f -

t en  used  to  compare  the  pe r fo rmances  o f  d i f f e ren t  anae r ob i c  p r oces ses .  

 

 
 
SPG =  spec i f i c  gas  p roduc t i on  [m 3  b iogas /kg  feed ]  

Q b i o g a s  =  b iogas  f l ow ra te  [m 3 /day ]  

Q  =  i n l e t  f l o w ra te  [m 3 /day ]  

S  =  subs t ra te  concen t ra t i on  (VS)  i n  t he  i n f l uen t  [ kg  subs t ra te /  m 3 ]  

 

 

 

 Subs t ra te  r emova l  e f f ec t i veness  

A l so  c a l l ed  subs t ra te  c onve rs ion ,  t h i s  pa ram et e r  can  be  exp r essed  i n  seve r a l  wa ys  and  

the  subs t ra te  measu red  i n  t e rms  o f  T S ,  VS  o r  COD.  Gener a l l y ,  t he  s imp les t  and  mos t  

used  equa t i on  i s :  

 

 
 
 

η% =  T S ,  VS  o r  COD removed ,  as  pe r cen tage  [%]  

Q  =  i n l e t  and  ou t l e t f l o w r a te  [m 3 /day ]  

S  =  T S ,  VS  o r  COD concen t ra t i on  i n  t he  i n le t  f l ow ra te  [ kg / m 3 ]  

Se  =  T S ,  VS  o r  COD concen t ra t i on  i n  t he  e f f l uen t  f l o w r a te  [ kg /m 3 ]   

 

 

 

 

 

 

 

GPR =  Q b i o g a s /V  

SGP =  Q b i o g a s /Q*S  

η% =  (Q*S-Q*Se) / (Q*S) *100   
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 Genera l  gas  equa t i on  

T o  be  ab le  to  compar e  the  gas  p roduc t i on  o f  t he  resea rch  p l an t  i n  DSM wi t h  resu l t s  

f r om l i t e ra t u re ,  t he  measu red  gas  quan t i t y  needs  to  be  c onve r ted  i n to  no rm l i t r es  (no rm  

cond i t i ons :  1 .013ba r ,  0 °C) .  Hence ,  the  genera l  gas  equa t i on  i s  app l i ed :  

 

 

  

p      [ ba r  =  105  N /m2 ]  P ressu re  o f  gas ,  no rm cond i t i ons :  pN  =  1 .013  ba r  
V     [ l ]                            Vo lum e o f  gas ,  quan t i t y  pe r  t ime  
n      [Mo l ]                       Mo l  pe r  gas ,  1  Mo l  =  22 .4  N l  

R      [N*m*mo l -1K-1 ]   Un i ve rs a l  gas  cons tan t ,  8 .31  N  m mo l -1K-1  
T      [ °K ]    Abso lu te  t empera tu r e ,  no rm cond i t i ons :  T N =  273  °K  
 

 Conv e rs ion  o f  gas  quan t i t y  meas u red  i n  Dar  es  sa laam i n to  no rm l i t e r s :  

Cond i t i ons  TZ   =  Norm cond i t i ons  

(p1  *  V1 ) /T1  =  n  *  R   =   (pN  *  VN) /TN =  n  *  R   

 

p1  =  l oca l  p ressu re  i n  sys tem o f  wh ich  the  measu red  gas  V1  o r i g ins  

V1  =  measu red  gas  quan t i t y  
T 1  =  tempera tu re  i n  °K  

 

=  (p1  *  V1 ) /T 1 )  =  (pN  *  VN) /T N)   

=  VN =  (p1  *  V1 ) /T 1 )  /  ( pN) /T N)   

 

 

 

 

 App rox ima t e  max imum b iogas  y ie l d  

T he  fo l l o wing  t wo  s teps  enab le  the  ca l cu la t i on  o f  t he  app rox ima t e  b iogas  po ten t i a l :  

 

1 )  COD  C  

 

 

 

12g  +  32g  ( =COD)   CO 2  

12g  =  32  COD 

 1g  COD =  0 .375g  C  

 

2 )  C   app rox ima te  m ax imum b iogas  y ie ld  

 

 

 

2  *  12g   1Mo l  +  1  Mo l  

24g  =  24g  =  2  *  22 .4N l  =  44 .8N l   

 1g  C  =  44 .8 /24  

   =  1 .87  no rm l i t r es  ‘ gas ’  max imum  (50% CO 2 ,  50% CH 4 )   

p *  V  =  n  *  R  *  T  

VN =  (p1  *  V1  *  TN)  /  (pN  *  T1 )

   C  +  O 2   CO 2  

  2C   CO 2  +  CH 4  
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3 .2  Inspect ion of  ARTI  plants in Dar es Salaam 

On 18  and  19  Oc tobe r  2008 ,  17  A RT I  Compac t  b iogas  s ys tems  i n  DSM were  v i s i t ed  du r -

i ng  an  i ns pec t i on  t ou r  t o  doc umen t  t he i r  s ta tus  o f  f unc t i on ing  (12  a t  hous eho ld  l eve l ,  5  

a t  i ns t i t u t i ona l  l eve l ) .  A  l i s t  o f  t he  v i s i ted  ART I  p lan ts  can  be  found  i n  Append i x  B1 .   

5½ weeks  l a te r ,  on  28  November  2008 ,  a  second  i nspec t i on  tou r  was  done  t o  obs e rve  

the  p rog r es s .   

3 .2 .1  An a l ysed  paramete rs   

On the  f i r s t  t ou r ,  t he  on -s i t e  m easu rem en ts  we re  c onduc ted  on  e f f l uen t - sam p les  and  

i nc luded  pH,  t emper a tu re  and  Redox - po ten t i a l .  T he  gas  compos i t i on  was  f u r the rmor e  

ana l ysed  us ing  Dräge r  X - am 7000 .  1 .5 l  o f  e f f l uen t  was  taken  f rom eac h  p lan t  and  

b rough t  t o  t he  Env i ronmen ta l  E ng inee r ing  Labora to r y  o f  ARDHI -Un i ve rs i t y  whe re  T S ,  

VS ,  COD t o t a l ,  NH 4 -N ,  P t o t a l  and  A /T IC  (acco rd i ng  to  Nordmann) ,  we r e  ana l ys ed  the  fo l -

l o wing  day .  T he  concen t ra t i on  o f  heav y  me t a l s  (Pb ,  Cd ,  Cu )  was  exam ined  f rom 4  i n -

spec t i on  sou rces .  Samp les  wh ich  sho wed  h i gh  quan t i t y  o f  i nve r teb r a te  we re  taken  to  

t he  zoo logy  l abo r a to r y  a t  DSM Un ive rs i t y  and  i den t i f i ed  on  27 .11 .2008  ( Iden t i f i ca t i on  

key  see  Append i x  C4) .  

 

On  the  sec ond  tou r ,  t he  s ta tus  o f  f unc t i on i ng  was  ass essed  and  the  combus t i b i l i t y  o f  

t he  b iogas  was  tes ted .  pH  was  fu r the rmore  m easu r ed  us i ng  L i tmus  s t r i pes  (Mer ck  “Neu-

t ra l i t ”  pH- ind i ca to r  s t r i pes  pH  5 .0 - 10 .0 ) .  

3 .2 .2  In te rv i ew s  

An in te rv iew wi t h  t he  pe rson  respons ib le  fo r  ope r a t i on  o f  t he  b iogas  p lan t  was  done  o n  

the  f i r s t  t ou r  t o  l ea rn  more  abou t  t he  qu a l i t y ,  quan t i t y ,  p re - t rea tmen t  me thod  and  d i l u -

t i on  o f  t he  da i l y  f eeds t ock ,  t he  du ra t i on  o f  da i l y  gas  us e  and  the  u t i l i za t i on  o f  e f f l uen t .  

Add i t i ona l l y ,  emphas i z es  was  l a i d  on  any  p rob lems  tha t  had  occu r red  and  r oom was  

g i ven  to  sugges t  i deas  fo r  improvemen ts  (Ques t i onna i r e  i n  Append i x  B6 )   

 

 

 

 



Z H A W  B a c h e l o r  T h e s i s  0 9  C h r i s t i a n  L o h r i  U I 0 5  

 31  

  

4 Results 

4 .1  Research-plant  at  ARDHI Universi ty 

Al l  r esu l t s  f r om the  res ea rch  CBS a t  ARDHI  Un ive rs i t y  can  be  found  i n  Append i x  B5 .  

4 .1 .1  In f luence  o f  enhanced  feed ing  procedure  on  process  s t ab i l i t y   

As  an  i nd i c a to r  o f  t he  anae rob i c  p rocess  s tab i l i t y ,  F i gu re  16  p res en t s  the  dev e lopmen t  

o f  t he  pH  i ns ide  the  d iges te r  du r i ng  phase  1  (ne i t he r  p r ev ious  m i x i ng  o f  f eeds tock  w i th  

wa t e r  no r  f eedback  o f  e f f l uen t ) .  The  pH was  measur ed  t w i ce  pe r  day  be fo re  feed ing  i n  

t he  morn ing  (8 :30 )  and  even ing  ( 17 :00 )  on  th ree  d i f f e r en t  reac to r  he igh ts  ( l o w,  m idd le ,  

h igh ) .  Gene ra l l y ,  pH-va lues  be lo w 6  shou ld  be  avo ided  as  i t  r es t ra ins  the  ac t i v i t y  o f  t he  

me thanogen ic  bac te r i a .  T he  amoun t  o f  da i l y  f eed  ( f ood  was te )  i s  s ho wn  as  we l l  as  the  

d iges te r  t empera tu r e  a t  med ium he igh t  (ave rage  27 .8 °C ) .   

 

As  a  compar i son ,  F igu re  17  rev ea ls  t he  dev e lopmen t  o f  t he  pH  du r ing  phase  2  wher e  

emphas is  was  l a i d  on  enhanced  m ix i ng  o f  t he  d i ges te r  l i qu id .  As  a  resu l t ,  t he  pH  va lues  

o f  a l l  he i gh ts  have  s tab i l i zed  a r ound  pH 6 . 5  and  show l ess  dev ia t i ons .  T he  ave rage  

tempera tu r e  i ns i de  the  reac to r  (m idd le )  was  28 .8 °C .  T he  da rk  g r een  spo ts  rep r esen t  kg  

we t  we igh t  ( ww)  o f  f ood  was te  (FW)  as  f eeds tock ,  whe reas  the  l i gh t  g reen  spo ts  s tand  

fo r  marke t  was te  (MW)  o f  f r u i t  and  vege tab les .   

 

 

 
F i g u r e  1 6 :  p H  d e v e l o p m e n t  i n s i d e  d i g e s t e r  d u r i n g  p h a s e  1 :  s t a r t - u p  

 

 
F i g u r e  1 7 :  p H  d e v e l o p m e n t  i n s i d e  d i g e s t e r  d u r i n g  p h a s e  2 :  f e e d i n g  s t r a t e g y  
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F igu re  18  i l l us t ra tes  t he  s tab i l i t y  o f  t he  d i ges te r  du r i ng  phase  3 .  A l t hough  t he  da i l y  

amoun t  o f  f eed  was  i nc reased  to  5kg /day ,  t he  reac to r  l i qu i d  d i d  no t  sho w any  a la rm ing  

s ign  o f  d i s t u rbance ,  w i th  pH  on l y  d ropp ing  s l i gh t l y  do wn  to  6 .2 .  As  t he  ave rage  a i r  t em-

pe ra tu r e  du r i ng  th i s  phase  i nc reased ,  so  d id  t he  ave rage  d iges te r  t empera tu r e  

(30 .9 °C) .  I t  i s  consp i c uous  t ha t  due  to  t he  improved  m ix i ng  o f  f eeds tock  w i th  wa t e r  p r e -

v ious  to  t he  feed ing  and  feedbac k  o f  e f f l uen t ,  t he  pH  va lues  o f  l ow,  m idd le  and  h igh  

reac to r  he i gh t  a re  no t i ceab l y  m or e  cong r uen t  i n  phas e  2  and  3  com pared  to  phase  1 .   

 

 

 

As  the  pH-  va lue  reac ts  w i th  qu i t e  some de lay  to  changes  i n  quan t i t y  and  qua l i t y  o f  

f eed ing  subs t ra te ,  t he  A /T IC- ra t i o  p rov i des  va luab le  i n fo r ma t ion  i n  t e rms  o f  immed ia te  

p rocess  s t ab i l i t y .  F i gu re  19  p resen ts  t he  cou rse  o f  A /T IC- ra t i o  (No rdm ann  t i t r a t i on )  

wh i l e  f eed ing  bo th  s ubs t ra tes .  I t  i s  appa r en t  t ha t  f r om the  i nocu lum (co w dung ) ,  t he  

amoun t  o f  VFA was  qu i te  h igh  i n  t he  beg inn in g  (day  8  &  11 )  compar ed  to  the  a l ka l i n i t y ,  

wh i ch  resu l t s  i n  a  h igh  A /T IC  va lue .  A f te r  25 . 08 .08  (day  15 ) ,  t he  A / T IC  ra t i o  was  s tab i -

l i zed  a round  0 .15  ( f eeds tock :  2kg  food  was te /day) .  Fo l l ow ing  the  change  to  2kg  marke t  

was te  pe r  day  (day  46 ) ,  t he  A /T IC- ra t i o  was  l eve l l ed  a round  0 .08 .   

 

 

 
F i g u r e  1 8 :  p H  d e v e l o p m e n t  i n s i d e  d i g e s t e r  d u r i n g  p h a s e  3 :  m a x i m u m  l o a d  

 

 
F i g u r e  1 9 :  D e v e l o p m e n t  o f  A / T I C - r a t i o  ( N o r d m a n n )  w h i l e  f e e d i n g  F W  ( d a y  8 - 3 2 )  a n d  
M W  ( d a y  4 3 - 6 7 )  
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4 .1 .2  S t ra t i f i ca t ion  ins i de  d iges ter  in  te rms o f  TS,  VS  and  COD  

F igu re  20 ,  F igu re  21  and  F igu re  22   p res en t  t he  d i f f e ren t  concen t ra t i ons  o f  T S ,  VS  and  

COD ins i de  the  d iges t e r  on  t he  r eac to r  bo t tom,  a t  med ium he igh t  and  on  the  top  l aye r  

(e f f l uen t )  compar ed  to  t he  i n f l uen t  (FW un t i l  day  26 ,  MW s ta r t i ng  on  day  46 ) .  A  c lea r  

accumu la t i on  o f  so l i ds  and  o rgan ic  ma te r i a l  c an  be  obse rved  on  the  g round  o f  t he  d i -

ges te r  due  to  sed imen ta t i on .   

 

 
F i g u r e  2 0 :  C o m p a r i s o n  o f  T S  c o n c e n t r a t i o n  i n  i n f l u e n t ,  d i g e s t e r  l i q u i d  a n d  e f f l u e n t  

 

 
F i g u r e  2 1 :  C o m p a r i s o n  o f  V S  c o n c e n t r a t i o n  i n  i n f l u e n t ,  d i g e s t e r  l i q u i d  a n d  e f f l u e n t  

 

 
F i g u r e  2 2 :  C o m p a r i s o n  o f  C O D  c o n c e n t r a t i o n  i n  i n f l u e n t ,  d i g e s t e r  l i q u i d  a n d  e f f l u e n t  
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F igu re  23  i l l us t ra tes  the  s t ra t i f i c a t i on  o f  t he  d iges te r  l i qu id  wh ic h  was  ana l ysed  on  

25 .11 .2008  a f te r  remov ing  the  gas ho lde r  and  empt y ing  the  d iges te r  s tep wis e  l aye r  a f t e r  

l aye r  (1  l aye r  =  85 l )  w i t h  a  hose  us ing  the  cohes ion  fo rc e  o f  wa t e r .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T ab le  17  r evea ls  t he  de ta i l ed  resu l t s  o f  t he  T S  and  VS ana l yses .  T he  ma jo r i t y  o f  d i -

ges te r  l i qu i d  (600 l )  as  we l l  as  t he  e f f l uen t  s ho w s im i l a r  T S  and  VS  con ten t ,  wh i l e  t he  

su r face  l ev e l  ( f l oa t i ng  l aye r )  i ns ide  the  gas ho lde r  i s  cha r ac te r i zed  by  a  h igh  T S  and  VS 

concen t ra t i on .   

 
T a b l e  1 7 :  T S  a n d  V S  o f  l a y e r s  i n s i d e  t h e  d i g e s t e r  ( 2 6 . 1 1 . 2 0 0 8 )  

H e i g h t  n o .  T S  [ g / l ]  T S  [ % ]  V S  [ g / l ]  V S  [ % ]  

0  e f f l u e n t  ( h i g h )  3 . 6 5  0 . 3 7 1 . 4 7 4 0 . 2 6

1  s u r f a c e  7 4 . 1 1  7 . 4 1 6 0 . 5 8 8 1 . 7 5

2  3 . 3 3  0 . 3 3 1 . 4 2 4 2 . 7 4

3  3 . 3 7  0 . 3 4 1 . 3 0 3 8 . 7 1

4  3 . 6 2  0 . 3 6 1 . 4 1 3 8 . 8 5

5  m i d d l e  3 . 3 3  0 . 3 3 1 . 2 4 3 7 . 2 4

6  3 . 2 9  0 . 3 3 1 . 4 3 4 3 . 4 4

7  3 . 4 7  0 . 3 5 1 . 4 2 4 0 . 8 8

8  3 . 2 4  0 . 3 2 1 . 4 6 4 5 . 0 0

9  5 . 2 8  0 . 5 3 3 . 1 6 5 9 . 7 6

1 0  b o t t o m  ( l o w )  4 1 . 1 7  4 . 1 2 3 2 . 6 8 7 9 . 3 6

A v e r a g e  ( 1 - 1 0 )  1 4 . 4 2  1 . 4 4 1 0 . 6 1 5 0 . 7 7

 

 

 

 

 
    F i g u r e  2 3 :  S t r a t i f i c a t i o n  o f  d i g e s t e r  l i q u i d  i n  A R D H I  r e s e a r c h  p l a n t  
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4 .1 .3  In tense  mon i to r ing  o f  VF A,  a lka l i n i ty  and  A/ T IC  

T ab le  18  p r esen ts  the  VFA-  and  a l ka l i n i t y  c oncen t ra t i on  o f  t he  e f f l uen t  as  we l l  as  t he  

A /T IC  ra t i o  ove r  a  pe r iod  o f  20  days  wh i l e  t he  am oun t  o f  da i l y  f eeds tock  ( f ood  was t e )  

was  changed .  D i f f e ren t  p re - t rea tm en t  me thod s  and  the  t i t r a t i on  acc o rd ing  to  Kapp  we r e  

app l i ed .  Because  o f  i t s  t ime-  and  ma te r i a l - i n t ens i t y ,  t he  membrane  f i l t r a t i on  was  on l y  

conduc ted  once  pe r  day .  T he  res u l t s  o f  bo th  o the r  p re - t rea tmen t  m e thods  ( s ieve / tex t i l e  

f i l t r a t i on  and  cen t r i f uga t i on )  a r e  mean  va lues  o f  t wo  repe t i t i ons .  The  ra the r  s l o w-ac t i ng  

pH  va lues  a re  l i s ted  as  compar i s on .   

 
 
T a b l e  1 8 :  V F A ,  a l k a l i n i t y  a n d  A / T I C  r e s u l t s  a p p l y i n g  d i f f e r e n t  p r e - t r e a t m e n t  m e t h o d s  ( t i t r a t i o n  
a c c o r d i n g  t o  K a p p )  

 

 sieve & textile filtered 
centrifuged 

(10min/5000rpm) membrane filtered 

Day 

Feedstock  
FW     

[kg/d] 
pH 

(effluent) 

VFA 
(Kapp) 
[mg/l]  

Alkalinity 
[mg/l] 
(Kapp) 

A/TIC  
(Kapp)

VFA 
[mg/l] 
(Kapp) 

Alkalini-
ty [mg/l] 
(Kapp) 

A/TIC 
(Kapp)  

VFA 
[mg/l] 
(Kapp)  

Alkalini-
ty [mg/l] 
(Kapp)  

A/TIC 
(Kapp) 

86 3 6.29 61 884 0.07 55 880 0.06 45 869 0.05
88 3 6.16 58 851 0.07 32 867 0.04 30 828 0.04
90 4 6.23 123 797 0.15 121 811 0.15 78 803 0.10
92 4 6.24 124 845 0.15 158 771 0.21 106 761 0.14
94 5 6.35 124 845 0.15 89 835 0.11 84 813 0.10
96 5 6.15 193 804 0.24 195 855 0.23 164 793 0.21
98 0 6.43 52 981 0.05 46 1002 0.05 35 961 0.04

100 0 6.77 75 1121 0.07 83 1140 0.07 64 1136 0.06
103 2 6.39 132 1136 0.12 86 1168 0.07 63 1141 0.06
105 2 6.45 102 1129 0.09 67 1151 0.06 75 1161 0.06
 

T o  compare  the  acc u rac y  o f  t he  me thod ,  t he  Nor dmann  t i t r a t i on  was  fu r the r  app l i ed  

ove r  t he  same pe r i od  o f  t ime  (T ab le  19 ) .  T he  p re - t rea t i ng  me thod  cons i s ted  o f  f i l t e r i ng  

the  e f f l uen t  samp les  f i r s t  t h rough  a  k i t chen  s i eve  and  then  th rough  a  tex t i l e  mas h .  T he  

p resen ted  r esu l t s  a re  aga in  mean  va lues  o f  two  r epe t i t i ons .  

 
T a b l e  1 9 :  V F A ,  a l k a l i n i t y  a n d  A / T I C  r e s u l t s  ( t i t r a t i o n  a c c o r d i n g  t o  N o r d m a n n )  

 

 

I t  shou ld  be  no ted  tha t  

p rev i ous  to  t he  ana l yses  

on  day  94  (12 .11 . 08 ) ,  a  

heav y  r a in  occu r red .  I t  

even tua l l y  d i l u t ed  the  e f -

f l uen t  samp le  to  some  ex -

ten t .  

 

 

 

 

T ab le  18  and  T ab le  19  revea l  t ha t  t he  i n f l uenc es  o f  d i f f e ren t  t i t r a t i on  and  p re - t rea tmen t  

me thods  on  a l ka l i n i t y  and  A /T IC  resu l t s  a re  neg l i g ib l e .  Ho wev er ,  f o r  measu r emen ts  o f  

t he  VFA c oncen t ra t i on ,  t he  Kapp  t i t r a t i on  i s  s t rong l y  f avou red  ove r  t he  Nordmann  

me thod  bec ause  o f  i t s  be t te r  accu rac y .   

  s ieve  &  tex t i l e  f i l te red  

Day 

Feeds tock  
FW     

[ kg /d ]  
pH 

(e f f l uen t )  

VFA    
[mg / l ]  

(Nordmann)  

A lka l in i t y  
[mg / l ]      

(Nordmann)

A/T IC   
(Nord-
mann)

86 3  6 .29  43 847 0 .05
88 3  6 .16  31 817 0 .04
90 4  6 .23  91 741 0 .12
92 4  6 .24  118 703 0 .17
94 5  6 .35  81 789 0 .10
96 5  6 .15  147 734 0 .20
98 0  6 .43  40 943 0 .04

100 0  6 .77  63 1028 0 .06
103 2  6 .39  121 1073 0 .11
105 2  6 .45  121 1069 0 .11
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A l l  r esu l t s  o f  t he  va r i ous  A /T IC  ana l yses  a r e  p resen ted  i n  F igu re  24 ,  sho wing  i t s  deve l -

opmen ts  and  dev ia t i ons .  As  fa r  as  s ta temen ts  i n  t e rms  o f  p rocess  s tab i l i t y  a re  con -

ce rned ,  bo t h  t i t r a t i ons  (acco rd i ng  to  Kapp  and  Nor dmann)  and  a l l  p re - t rea tm en t  me th -

ods  a re  app l i cab le ,  t he  s imp le  ‘ s i eve& tex t i l e ’  t r ea tmen t  be ing  p r e fe r ab le  due  to  i t s  s im-

p l i c i t y .   

 

 

 

 

 

 
F i g u r e  2 4 :  R e s u l t s  o f  A / T I C  t i t r a t i o n s  ( K a p p  a n d  N o r d m a n n )  w i t h  d i f f e r e n t  p r e - t r e a t m e n t  
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4 .1 .4  Opera t iona l  paramete rs   

Be lo w a re  t he  ca l c u l a ted  ope ra t i ona l  pa ram e te rs  o f  t he  resea rc h  p l an t  a t  ARDHI  Un i -

ve rs i t y ,  wh i l e  cons tan t l y  f eed ing  2kg  o f  subs t ra te  ov e r  a  de f i ned  pe r iod  o f  t ime  (Food  

was te :  18 . 08  –  08 .09 .2008 ,  7  samp les ,  2  repe t i t i ons ) ,  mark e t  was te :  25 .09  –  

16 .10 .2008 ,  5  samp les ,  2  repe t i t i ons ) .  

 

 

 Hyd rau l i c  Re ten t i on  T ime  (HRT )  o f  ARDHI  p lan t  

    

Food  was te  and  marke t  was te :  0 .85m 3  /  0 .02m 3  =  42 .5days   

 

 

 So l i d  Re ten t i on  T ime  (SRT )  o f  ARDHI  p lan t :  

   

Food  was te  and  marke t  was te :  0 .85m 3  *  10 .6kg  VS /m 3  /  0 .03kg  VS /day  =  300days  

 

 

 

 O rgan i c  Load ing  Ra te  (OLR)  o f  ARDHI  p lan t :  

    

Food  was te  (T S)    0 .02m 3 /d  *  26 .7kg /m 3  /  0 .85m 3  =  0 .628kg /m 3 r eac to r  d  

        (VS)    0 .02m 3 /d  *  22 .6kg /m 3  /  0 .85m 3  =  0 .532kg /m 3 r eac to r  d  

        (COD)    0 .02m 3 /d  *  28 .3kg /m 3  /  0 .85m 3  =  0 .666kg /m 3 r eac to r  d  

 

Marke t  was te  (T S)    0 .02m 3 /d  *  8 .2kg /m 3  /  0 .85m 3  =  0 .193k g /m 3 reac to r  d  

           (VS)    0 .02m 3 /d  *  7 .0kg /m 3  /  0 .85m 3  =  0 .165k g /m 3 reac to r  d  

           (COD)    0 .02m 3 /d  *  8 .6kg /m 3  /  0 .85m 3  =  0 .202k g /m 3 reac to r  d  

   

 

 

 Gas  P roduc t i on  Ra te  ( GPR)  o f  ARDHI  p lan t :  

 

Food  was te     0 .234Nm 3 /d  /  0 .85m 3  =  0 .275Nm 3  gas /m 3  reac to r  day  

 

Marke t  was te     0 .122Nm 3 /d  /  0 .85m 3  =  0 .144Nm 3  gas /m 3  reac to r  day  

 

 

 

 Spec i f i c  Gas  P roduc t i on  (SGP)  o f  ARDHI  p l an t :  

 

Food  was te     0 .234Nm 3 /d  /  0 .02m 3 /d  *  22 .6kg  VS /m 3  =    

     264 .4Nm 3  b iogas /kg  feed  

 

Marke t  was te     0 .122Nm 3 /d  /  0 .02m 3 /d  *  7 .0kg  VS /m 3  =    

     42 .7Nm 3  b i ogas /kg  feed  
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 Subs t ra te  r emova l  e f f ec t i veness  (η%) o f  ARDHI  p lan t :  

 

Food  was te :  (T S)  (0 .02m 3 /d  *  26 .7k g /m 3  –  0 .02m 3 /d  *  3 .7k g /m 3 )  /  

( 0 .02m 3 /d  *  26 .7kg /m 3 )  *  100  =  86 .1%   

        (VS)   (0 .02m 3 /d  *  22 .6kg /m 3  –  0 . 02m 3 /d  *  1 . 7k g /m 3 )  /  

( 0 .02m 3 /d  *  22 .6kg /m 3 )  *  100  =  92 .5%  

        (COD)   (0 .02m 3 /d  *  28 .3kg /m 3  –  0 . 02m 3 /d  *  4 . 8k g /m 3 )  /  

( 0 .02m 3 /d  *  28 .3kg /m 3 )  *  100  =  83 .0%  

 

Marke t  was te  (T S)   (0 .02m 3 /d  *  8 .2k g /m 3  –  0 .02m 3 /d  *  2 .7k g /m 3 )  /  

( 0 .02m 3 /d  *  8 .2kg /m 3 )  *  100  =  67 .1%   

          (VS)   (0 .02m 3 /d  *  7 .0k g /m 3  –  0 .02m 3 /d  *  1 .3k g /m 3 )  /  

( 0 .02m 3 /d  *  7 .0kg /m 3 )  *  100  =  81 .4%  

          (COD)   (0 .02m 3 /d  *  8 .6k g /m 3  –  0 .02m 3 /d  *  1 .2k g /m 3 )  /  

( 0 .02m 3 /d  *  8 .6kg /m 3 )  *  100  =  86 .0%  
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4 .1 .5  Reduct ion  o f  w aste  vo lume and  organ ic  load  

F igu re  25  sho ws  the  deg ree  o f  da i l y  was te  reduc t i on  (o r ange)  by  c ompar ing  T S concen-

t ra t i on  o f  t he  i n f l uen t  w i t h  T S o f  t he  e f f l uen t .  

 

 

One  op t i on  to  desc r i be  the  r educ t i on  o f  o rgan ic  l oad  i s  g i ven  by  measur i ng  t he  VS  o f  

i n f l uen t  and  e f f l uen t  (F igu re  26 ) .  T he  ave rage  VS  o f  f ood  was t e  i n f l uen t  i s  451g /d  and  

o f  i t s  e f f l uen t  35g /d ,  wh i ch  r esu l t s  i n  a  reduc t i on  r a te  o f  92 .2%.  T he  mean  VS o f  marke t  

was te  i n f l uen t  i s  177g / d  and  o f  i t s  e f f l uen t  26g /d ,  wh i ch  l eads  to  a  r educ t i on  o f  85 .3%.  

 

 

Ano the r  op t i on  to  desc r i be  t he  r educ t i on  o f  o r gan ic  l oad  i s  t h rough  COD.  As  F igu re  27  

i l l us t ra t es ,  t he  da i l y  COD con t en t  o f  i n f l uen t  and  e f f l uen t  be t ween  F W (ave rage  i n f l uen t  

567g /d ,  av e rage  e f f l uen t  96g /d )  and  MW (ave rage  i n f l uen t  152g / d ,  ave rage  e f f l uen t  

24g /d )  d i f f e r  cons ide r ab l y .  Ho wev er ,  t he  reduc t i on  i n  t e rm o f  COD fo r  bo th  s ubs t ra tes  

was  found  to  be  comparab le  a t  app rox ima t e l y  83%.  

 

 

 

 
F i g u r e  2 5 :  R e d u c t i o n  o f  w a s t e  v o l u m e  ( T S )  w h e n  f e e d i n g  F W  ( d a y  8 - 3 2 )  &  M W  ( d a y  4 3 - 6 7 )  

 

 
F i g u r e  2 6 :  R e d u c t i o n  o f  V S  c o n t e n t  w h e n  f e e d i n g  F W  ( d a y  8 - 3 2 )  a n d  M W  ( d a y  4 3 - 6 7 )  

-84 .9% 

-72 .8% 

-92 .2% 

-85 .3% 
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F i g u r e  2 7 :  R e d u c t i o n  o f  C O D  c o n t e n t  w h e n  f e e d i n g  F W  ( d a y  8  - 3 2 )  &  M W  ( d a y  4 3  -  6 7 )  

 

 

F i g u r e  2 8 :  C o m p a r i s o n  o f  C O D  s o l i d  a n d  C O D  d i s s o l v e d  f r o m  
F W  a n d  M W  

 

 
F i g u r e  2 9 :  I n p u t / O u t p u t  w i t h  d a i l y  l o a d  o f  2 k g / d  F o o d  w a s t e  

 

 
F i g u r e  3 0 :  I n p u t / O u t p u t  w i t h  d a i l y  l o a d  o f  2 k g / d  M a r k e  t w a s t e  

-83 .1% 

-83 .9% 

F igu re  28  revea ls  t he  pe r -

cen tage  o f  COD d i ss o l ved  

compared  to  COD to ta l  

f r om in f l uen t  (2kg  food  

was te  &  m arke t  was te )  and  

e f f l uen t .  

 

F igu re  29  &  30  p res en t  an  

ove rv i e w o f  T S ,  VS  and  

COD reduc t i on ,  bo th  when  

feed ing  2k g  FW and  MW 

per  day .  

28.3% 

56.5% 
43.3% 58.6% 
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4 .1 .6  Gas  resu l t ing  f rom anaerob ic  d igest ion  o f  food  w aste  and  market  w aste  

Af te r  reach ing  a  s teady -s ta te  cond i t i on ,  t he  two  feed ing  subs t ra tes  we re  c ha rac te r i zed  

and  r eco rded  i n  t e rms  o f  we t  we igh t ,  T S ,  VS and  CODto ta l  ove r  a  pe r i od  o f  10  days :  

Food  was te :  29 .08 . -  07 .09 .2008  ( day  19  –  28 ) ;  Marke t  was te :  25 .09  -  04 .10 .2008  (day  

46  –  55 ) .  Tab le  20  p resen ts  the  ave rage  va lues  o f  t hese  pa ramete rs  and  the  quan t i t y  o f  

t he  gas  p roduced  (measu red  on  s i t e  and  ad jus ted  to  no r m cond i t i ons  acco rd i ng  to  t he  

gene ra l  gas  equa t i on ,  s ee  3 .1 .6 )  

 
T a b l e  2 0 :  M e a n  v a l u e s  d u r i n g  1 0 - d a y  s t e a d y  s t a t e  c o n d i t i o n s  f o r  b o t h  s u b s t r a t e s  

F e e d s t o c k  
( d i l u t i o n  1 : 2 0 )  

W e t  w e i g h t  
[ k g / d ]  

T S  
[ k g / d ]  

V S  
[ k g / d ]  

C O D t o t a l  
[ k g / d ]  

G a s  
p r o d u c t i o n  
D S M  [ l / d ]  

G a s  
p r o d u c t i o n  
N o r m  [ N l / d ]  

F o o d  w a s t e  2  0 . 4 8 2 0 . 4 5 1 0 . 5 6 7 2 8 9  2 5 9

M a r k e t  w a s t e  2  0 . 2 0 2 0 . 1 8 0 0 . 1 7 2 1 2 6  1 1 3

 

T ab le  21  sho ws  the  av e rage  b iogas  p roduc t i on  fo r  t he  t wo  d i f f e ren t  f eed  subs t ra tes  pe r  

kg  we t  we igh t ,  T S ,  VS  and  COD.  In  b racke ts  a re  the  res u l t s  t r ans fo rmed  to  no r m cond i -

t i ons  (0 °C ,  1013mbar ) .  

 
T a b l e  2 1 :  G a s  p r o d u c t i o n  i n  d e p e n d e n c e  t o  d a i l y  w e t  w e i g h t ,  T S ,  V S  a n d  C O D  f o r  b o t h  s u b -
s t r a t e s  ( t r a n s f o r m e d  t o  n o r m  c o n d i t i o n s )  

 

F e e d s t o c k  
( d i l u t i o n  1 : 2 0 )  

A v e r a g e  g a s  
p e r  k g  w e t  w e i g h t  

[ N l / k g  W W ]  

A v e r a g e  g a s  
p e r  k g  T S  
[ N l / k g  T S ]  

A v e r a g e  g a s  
p e r  k g  V S  
[ N l / k g  V S ]  

A v e r a g e  g a s  
p e r  k g  C O D  
[ N l / k g  C O D ]  

F o o d w a s t e  1 4 4  ( 1 2 9 ) 5 9 9  ( 5 3 7 ) 6 4 0  ( 5 7 4 ) 5 0 9  ( 4 5 7 )  

M a r k e t w a s t e  6 3  ( 5 7 )  6 2 4  ( 5 5 9 ) 7 0 0  ( 6 2 8 ) 7 3 3  ( 6 5 7 )  

 

 

F igu re  31  s ho ws  the  da i l y  gas  p r oduc t i on  ov e r  10  days  o f  s teady- s ta te  cond i t i ons  r e -

su l t i ng  f rom 2kg  FW ( we t  we igh t )  and  as  c ompar i son  2kg  MW ( ww) .  T he  da i l y  VS  ave r -

age  o f  FW was  0 .451k g /d  and  0 .177kg /d  f o r  MW respec t i ve l y  and  i s  marked  as  ye l l o w 

spo ts .  T he  ave rage  gas  p roduc t i on  du r i ng  th i s  pe r i od  wa s  289 l /d  (259N l / d )  f r om FW and 

126 l / d  (113N l /d )  f r om MW.   

 

 

 

 
F i g u r e  3 1 :  C o m p a r i s o n  o f  d a i l y  g a s  p r o d u c t i o n  f r o m  F W  a n d  M W  d u r i n g  1 0  d a y s  o f  s t e a d y - s t a t e  
c o n d i t i o n s  

A v e r a g e :  2 8 9 l / d  

A v e r a g e :  1 2 6 l / d

A v e r a g e :  2 5 9 N l / d  

A v e r a g e :  1 1 3 N l / d  
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F igu re  32  p resen ts  t he  dev e lopmen t  o f  da i l y  gas  p roduc t i on  du r ing  phas e  3 ,  when  da i l y  

f eed ing  l oad  was  i nc r eased  to  5kg /d  we t  we igh t  MW (0 .5kg /d  T S)  and  subs equen t l y  

5kg /d  FW ( 1 .2kg /d  T S) .  Be t ween  f eed ing  MW and  FW,  a  3 -day  f eed ing  b reak  was  i n te r -

m i t t ed  i n  wh ich  the  gas  p roduc t i on  d ropped  t o  70N l / d .  Fo r  de ta i l ed  gas  p roduc t i ons  see  

Append i x  A 3 .  

 

 

F igu re  33  r evea ls  t he  co r re la t i on  be t ween  the  da i l y  f eed ing  l oad  and  the  cons equen t i a l  

gas  p roduc t i on .  T he  gas  quan t i t y  r esu l t i ng  f rom food  was te  (FW)  i s  app r ox ima t e l y  dou -

b le  as  h igh  as  f rom marke t  was te  (MW) .  Wh i l e  FW sho ws  an  a lmos t  l i nea r  i nc r ease  i n  

gas  quan t i t y ,  t he  re l a t i ve l y  h i gh  gas  amoun t  resu l t i ng  f rom 1kg  MW can  pos s ib l y  be  

exp la ined  w i th  t he  he te rogene i t y  o f  t he  i npu t  ma te r i a l .     

 

 

 

 

 

 

 

 

 

 

 

 

 
Ap prox imate  max imu m b iogas  y ie ld  

As  p res en t ed  i n  F i gu r e  29  and  F igu r e  30 ,  t he  ave rage  COD reduc t i on  was  470 .6g /d  

( f ood  was t e )  and  147 .3g /d  (mark e t  was te ) .  T h i s  co r responds  to  t he  decompos i t i on  o f  

176 .5g  C  pe r  day  and  55 .2g  C  pe r  day  respec t i ve l y .  T he  ca l c u la ted  app rox im a te  max i -

mum b iogas  po ten t i a l  i s  t he re fo re  330N l  (FW)  and  103N l  (MW)  pe r  day  (Append i x  A3 ) ,  

wh ich  i s  78 .6% and  109 .6% o f  t he  measu r ed  gas  p roduc t i on .  T he  dev ia t i on  be t ween  

resu l t s  f r om measuremen t  and  c a l cu l a t i on  c an  to  som e ex t en t  be  exp la i ned  by  the  i nac -

cu rac y  o f  t he  c onv e rs i on  ( COD  C)  and  the  ass umpt i on  tha t  b iogas  c ons i s t  o f  50% 

CO 2  and  50% CH 4  ( see  3 .1 .6 ) .  

 

 
F i g u r e  3 2 :  G a s  p r o d u c t i o n  w h i l e  i n c r e a s i n g  d a i l y  f e e d : M W  ( d a y  6 4 - 7 6 ) ,  F W  ( d a y  8 0 - 1 0 0 )  

 

 
F i g u r e  3 3 :  G a s  p r o d u c t i o n  i n  d e p e n d e n c e  w i t h  d a i l y  f e e d i n g  l o a d  
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Gas composi t ion  
T he  resu l t s  o f  t he  da i l y  gas  com pos i t i on  meas u remen ts  a re  s ho wn  i n  F igu re  34  as  ave r -

age  va lues  reco rded  du r ing  the  10 - days  s teady -s ta te  cond i t i ons  ( ww 2kg /d )  eac h  fo r  FW 

and  MW.  The  gas  res u l t i ng  f rom MW wi th  66 .4% sho w a  h ighe r  me thane  con ten t  com-

pa red  to  t he  gas  f rom FW (56 .8%) .  

 

 

 
B iogas  u t i l i za t ion :  Dai ly  runn ing  t ime  o f  burner  

Numerous  tes t s  have  been  done  to  measu r e  the  bu rn ing  pe r iod  

o f  100 l  b i ogas  p roduc ed  a t  t he  r esea rc h  p lan t  a t  ARDHI ,  us ing  

the  b iogas  s tove  d i s t r i bu ted  by  A RT I -TZ  (F igu re  35 ) .   

 

T ab le  22  p resen ts  t he  con ten ts  o f  me thane  and  resu l t s  o f  a l l  

t es t s  when  no  we igh t  was  app l i ed  on  the  gasho lde r .  

 

 

 

 

 
T a b l e  2 2 :  T e s t s  o f  b u r n i n g  d u r a t i o n  f o r  1 0 0 l  b i o g a s  w i t h o u t  w e i g h t  o n  g a s h o l d e r  

D a t e  
M e t h a n e   
c o n t e n t  
[ V o l - % ]  

P r e s s u r e  i n   
r e a c t o r  [ m b a r ]   
n o  w e i g h t   
o n  g a s h o l d e r   

B u r n i n g  d u r a t i o n   
o f  1 0 0 l  b i o g a s   
[ m i n ]  

2 8 . 0 8 . 2 0 0 8  6 0  2 2 5

 6 0   2 2 7

0 6 . 0 9 . 2 0 0 8  6 2  2 2 4

1 0 . 0 9 . 2 0 0 8  6 2   2 2 0 . 5

 6 2   2 2 2 . 5

 6 2   2 2 3

2 5 . 0 9 . 2 0 0 8  7 0   2 1 9 . 5

1 5 . 1 1 . 2 0 0 8  5 9   2 2 3

2 5 . 1 0 . 2 0 0 8  5 6   2 1 9

0 3 . 1 1 . 2 0 0 8  6 1   2 1 9 . 5

A v e r a g e  6 1 . 4   2 2 2 . 3

 

 

 
F i g u r e  3 4 :  A v e r a g e  g a s  c o m p o s i t i o n  f r o m  2 k g / d  F W  ( l e f t )  a n d  M W  ( r i g h t ) ,  H 2 S  > 1 0 0 p p m  a n d  N H 3  
> 2 0 0 p p m  a r e  n o t  s h o w n  

 

 
F i g u r e  3 5 :  G a s  s t o v e  
a t t a c h e d  o n  r e s e a r c h  
C B S  f o r  b u r n i n g  t e s t s  
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ART I -TZ  occas iona l l y  adv i s es  the i r  cus tomer s  to  i nc rease  

the  gas  p r essu re  by  pe rmanen t l y  app l y i ng  we igh t  on  the  

gasho lde r .  T ab le  23  s ho ws  the  tes t  resu l t s ,  when  ½ cem en t  

b r i ck  (app r ox ima te l y  12kg )  was  app l i ed .  T he  bu r n ing  du ra -

t i on  o f  b i ogas  c onsequen t l y  dec r eases ,  ye t  t he  r equ i r ed  

cook ing  t im e  fo r  t he  same food  a l s o  reduc es .  

 

 

 

 

 

 

 

 

  
T a b l e  2 3 :  T e s t s  o f  b u r n i n g  d u r a t i o n  f o r  1 0 0 l  b i o g a s  w i t h  w e i g h t  o n  g a s h o l d e r  

D a t e  M e t h a n e   
c o n t e n t   
[ V o l - % ]  

P r e s s u r e  i n   
r e a c t o r  [ m b a r ]  
1 / 2 b r i c k  ( 1 2 k g )   
o n  g a s h o l d e r  

B u r n i n g  d u r a t i o n   
o f  1 0 0 l  b i o g a s  
[ m i n ]  

0 6 . 0 9 . 2 0 0 8  6 2  4 1 3 . 5

2 5 . 1 0 . 2 0 0 8  5 6  4 9

0 3 . 1 1 . 2 0 0 8  6 1  4 1 2

2 1 . 1 1 . 2 0 0 8  6 8  4 1 2 . 5

 6 8   4 1 3 . 5

A v e r a g e  6 2 . 8  4 1 2 . 1

 

4 .1 .7  E f f luen t  qua l i ty  

T he  ave rage  concen t r a t i on  o f  t o t a l  phos pho r us  i n  t he  e f f l uen t  s amp les  wh i l e  f eed ing  

food  was te  was  248m g/ l  ( 6 .8% o f  T S) ,  o f  wh i ch  171mg/ l  ( 69%)  occu r red  as  phospha te .  

A f te r  chang ing  s ubs t ra te  t o  marke t  was te ,  14 7mg/ l  o f  phospha te  we re  found ,  con t r i bu t -

i ng  66% to  the  to ta l  phosphorus  c oncen t ra t i o n  o f  225mg/ l  ( 8 .2% o f  TS) .  As  compar i s on ,  

162m g/ l  o f  t o ta l  P  we r e  found  i n  t he  i n f l uen t  cons i s t i ng  o f  d i l u ted  marke t  was te .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
F i g u r e  3 6 :  W e i g h t  a p p l i e d  o n  
g a s h o l d e r  

 

 
F i g u r e  3 7 :  C o n c e n t r a t i o n  o f  P t o t a l  a n d  P O 4  i n  e f f l u e n t  w h i l e  f e e d i n g  F W  
( d a y  8 - 3 2 )  a n d  M W  ( d a y  4 3 - 6 7 )  
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Wh i l e  ave r age  ammon ium-n i t rogen  c oncen t ra t i on  i n  t he  i n f l uen t  was  f ound  to  be  

31 .6mg/ l  i n  f ood  was te  and  27 .9m g/ l  i n  mark e t  was te ,  t he  NH 4 -N  c oncen t ra t i on  d i scov -

e red  i n  t he  e f f l uen t  wa s  74 .1m g/  (FW)  and  85 .5mg / l  (MW) .  I n  o the r  wo rds ,  t he  bac te r i a l  

ac t i v i t y  res u l t ed  i n  an  NH 4 -N  i nc r ease  o f  134 .5% fo r  FW,  and  206 .5% fo r  MW  respec -

t i ve l y  (F i gu re  38 ) .  

 

 
Hea vy  met a ls  

T he  resu l t s  o f  t he  A tom ic  Abso rp t i on  Spec t ropho tom ete r  (AAS)  ana l yses  fo r  Lead  (Pb ) ,  

Copper  (Cu )  and  Cadm ium (Cd)  a r e  p resen ted  i n  T ab le  24 .   

 
T a b l e  2 4 :  H e a v y  m e t a l  c o n c e n t r a t i o n s  i n  e f f l u e n t s   
f r o m  r e s e a r c h  p l a n t  a t  A R D H I  

 

 

I t  shou ld  be  cons ide r ed ,  t ha t  t he  range  

fo r  i nh ib i t i ng  e f f ec t s  on  anae r ob i c  p roc -

ess  (Cu :  40 -250mg/ l ,  Cd :  150 -600mg/ l )  

we re  by  fa r  no t  reac hed .  On  the  o the r  

s i de ,  t he  r equ i remen t  f o r  Pb  concen t ra -

t i on  (0 .020 -200m g/ l )  i s  f u l f i l l ed  i n  a l l  

samp les  (Ede r  &  Schu l z ,  2006 ) .   

 

 

T he  qua l i t y  o f  t he  e f f l uen t  as  o r gan ic  f e r t i l i ze r  can  on l y  t o  s ome  l im i ted  ex ten t  be  

eva lua ted ,  as  the  su i t ab i l i t y  depends  on  the  k i nd  o f  p l an t  i t  i s  app l i ed .  Fu r the rmore ,  t he  

con ten t  o f  Po tass ium (K ) ,  bu t  a l so  Fe ,  Ca ,  Mg  and  Zn  a re  o f  v i t a l  i n te r es t  becaus e  

phos pha te  bu i l ds  che la tes  w i th  t hese  ess en t i a l  t r ace  e lemen ts  wh ic h  po ten t i a l l y  p r even t  

t he  recep t i on  o f  PO 4 .   

 

Compar i son  w i t h  Qua l i t y  S tandards  o f  Compos t  i s  a l so  o f  l im i ted  v a l i d i t y .  Nev e r the less ,  

t he  measur ed  heav y  m e ta l  conc en t ra t i ons  a r e  fa r  be lo w the  to le ra ted  va lues  fo r  com-

pos t  ( see  A ppend i x  C5 ) .  

 

 
F i g u r e  3 8 :  A m m o n i u m - N i t r o g e n  d i f f e r e n c e  b e t w e e n  i n f l u e n t  a n d  e f f l u e n t  

D a t e  P b  [ m g / l ]  C u  [ m g / l ]  C d  [ m g / l ]  

2 8 . 0 8 . 0 8  0 . 0 5 4 0 . 0 0 0  0 . 0 0 0

2 8 . 0 8 . 0 8  0 . 0 7 2 0 . 0 0 0  0 . 0 0 0

0 8 . 0 9 . 0 8  0 . 0 9 3 0 . 0 0 0  0 . 0 0 0

1 1 . 0 9 . 0 8  0 . 0 6 1 0 . 0 0 0  0 . 0 0 0

2 2 . 0 9 . 0 8  0 . 0 3 6 0 . 0 0 0  0 . 0 1 8

0 3 . 1 0 . 0 8  0 . 0 9 5 0 . 0 0 0  0 . 0 1 3

1 6 . 1 0 . 0 8  0 . 0 5 7 0 . 0 0 6  0 . 0 2 1

A v e r a g e  0 . 0 6 7 0 . 0 0 1  0 . 0 0 7
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4 .2  Inspect ion of  instal led ARTI-plants in DSM 

4 .2 .1  Resu l t  o ve r vi ew  o f  f i rs t  inspect ion  tour  

T ab le  25  p r esen ts  an  ove rv ie w o f  a l l  v i s i t ed  A RT I  p lan ts  du r i ng  the  f i r s t  i nspec t i on  tou r .  

On  18 /19  Oc tobe r  2008  ou t  o f  12  ART I  Compac t  b iogas  s ys tems  (CBS)  a t  hous eho ld  

l eve l ,  4  we r e  i n  ope ra t i on ,  wher eas  8  wer e  no t  i n  use  due  to  va r i ous  reasons ,  wh ich  a r e  

exp la ined  i n  4 .2 .2 .  5  add i t i ona l  CBS we re  f u r the rmor e  v i s i t ed  on  the  f i r s t  i nspec t i on  

tou r  t o  se rv e  as  compar i son  (mark ed  g rey  i n  T ab le  25 ) .  T hese  p lan t s  i nc lude  the  CBS a t  

ART I -o f f i ce ,  wh ich  i s  used  as  demons t ra t i on  p lan t  and  fed  i r r egu la r l y ,  t he  r esea rc h  

p lan t  a t  A RDHI  Un iv e rs i t y  and  the  th ree  r ecen t l y  i ns t a l l ed  4000 l -d iges te rs  o f  Azan ia  

Secondar y  Schoo l  a t  i ns t i t u t i ona l  l eve l  (A ppend i x  B7 ) .  

 

T ab le  26  revea ls  t he  gas  com pos i t i on  o f  t he  i nspec ted  s ys tems ,  wh i ch  i n  gene r a l  co r r e -

spond  we l l  w i t h  t he  f i nd ings  o f  t he  res ea rch  p lan t  a t  ARDHI .  T he  h i gh  m e thane  con ten t  

o f  CBS #14  can  be  exp la ined  w i th  t he  b reak -do wn  and  thus  conges t ed  feed ing .  Becaus e  

the  CO 2 - re l eas i ng  p rocess  o f  hyd ro l ys i s  became  deac t i va ted ,  t he  con ten t  o f  me thane  

i nc reased  d i sp ropo r t i ona te l y .  Con t ra r i l y ,  t he  l o w m ethane  concen t ra t i on  o f  CBS #30  can  

be  exp la ined  by  i t s  r ec en t  se t -up  (Sep tem ber  2008)  and  henc e  sho ws  the  p redominan t  

p roduc t  o f  t he  hyd r o l ys i s  (CO 2 ) .  
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T a b l e  2 5 :  O v e r v i e w  o f  e f f l u e n t  r e s u l t s  f r o m  f i r s t  A R T I  i n s p e c t i o n  t o u r  ( 1 8 / 1 9  O c t o b e r  2 0 0 8 )  

   E         f         f         l         u         e         n         t   

A R T I  
C S B - #   
( i n s t a l l a -
t i o n  d a t e )  

S i ze   
( d i g . /  
g a s -  
h o l d e r )  
[ l ]  

 
S t a t u s   
 

p H  T e m p .  
[ ° C ]  

R e d o x
[ m V ]  

T S  
[ % ]  

V S  
[ % ]  

C O D   
t o t a l  
[ m g / l ]

N H 4 -
N  
[ m g / l ]

P  
t o t a l  
[ m g / l ]  

P b  
[ m g / l ]

C u  
[ m g / l ]

C d  
[ m g / l ]

V F A  
( N o r d -
m a n n )  
[ m g / l ]  

A l k a -
l i n i t y  
( N o r d -  
m a n n )  
[ m g / l ]  

A / T I C  
( N o r d -  
m a n n )  

R e m a r k s  

2  
( 0 2 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

I n  
u s e  

 
6 . 7 8  3 0 . 8 - 2 7 0 0 . 3 7 6 1 . 3 3 3 4 0 9 3 . 0

 
1 6 6  0 . 0 4 0 . 0 0 0 . 0 0 5 7 . 8 1 2 0 0 0 . 0 5

M a n y  i n v e r -
t e b r a t e  l a r v a e  

3  
( 0 4 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

I n  
u s e  

 
6 . 4 7  2 8 . 6 - 4 2 0 0 . 2 2 5 6 . 1 7 9 0 1 1 7 . 0

 
2 4 4  0 . 0 8 0 . 0 2 0 . 0 1 1 2 4 . 2 1 1 8 0 0 . 1 1

F o r  d o g  f o o d  
H 2 O  h e a t e r  

4  
( 0 4 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
N o  d i g e s t e r  l i q u i d  i n  C B S  

I n l e t  r a n  d o w n  
( b y  d o g s )  

5  
( 0 4 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
N o  d i g e s t e r  l i q u i d  i n  C B S  

C a u s e  o f  b r e a k -
d o w n  u n k n o w n  

6  
( 0 5 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
N o  d i g e s t e r  l i q u i d  i n  C B S  

I n l e t  p i p e  b r o -
k e n  

7  
( 0 6 / 2 0 0 7 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
N o  d i g e s t e r  l i q u i d  i n  C B S  

 
4 t h  b r e a k d o w n  

1 4  
( 0 3 / 2 0 0 8 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
7 . 6 0  3 6 . 0 + 3 7 3 6 4 . 0

 
 1 5 7 . 4 1 7 8 0 0 . 0 9

I n l e t  b l o c k e d ,  
n o t  e n o u g h  f e e d  

1 5  
( 0 3 / 2 0 0 8 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
6 . 4 8  3 1 . 3 - 3 1 2 0 . 2 4 5 4 . 6 2 6 4 0 1 1 9 . 0

 
9 4  0 . 1 4 0 . 0 2 0 . 0 0 9 1 8 2 0 0 . 1 1

G a s  t a p   
b r o k e n  

1 7  
( 0 5 / 2 0 0 8 )  

2 0 0 0 /
1 5 0 0

N o t   
i n  u s e  

 
4 . 1 5  3 1 . 8 - 1 8 2 6 3 . 5

 
  

 
O v e r f e d  

1 8  
( 0 5 / 2 0 0 8 )  

2 0 0 0 /
1 5 0 0

I n  
u s e  

 
6 . 8 8  3 3 . 5 - 4 3 7 1 . 7 5 6 3 . 7 5 6 4 0 3 1 2 . 0

 
3 0 4  2 9 0 . 2

 
2 4 1 0  0 . 1 2

I n l e t  s l i g h t e l y  
b l o c k e d  

2 5  
( 0 8 / 2 0 0 8 )  

1 0 0 0 /
7 5 0

N o t   
i n  u s e  

 
6 . 6 1  3 1 . 3 - 1 7 4 0 . 1 8 5 4 . 8 2 0 2 0 6 7 . 5

 
3 6 8  1 2 4 . 2 8 1 0 0 . 1 5

 
I n l e t  b l o c k e d  

3 0  
( 0 9 / 2 0 0 8 )  

1 0 0 0 /
7 5 0

I n  
u s e  

 
6 . 0 8  3 4 . 8 - 6 0 0 . 2 3 6 2 . 7 3 4 8 0 3 1 . 5

 
2 5 6  0 . 0 0 0 . 0 3 0 . 0 2 4 5 6 . 2 5 9 0 0 . 7 7

 
N e w  ( 2 2 . 9 . 0 8 )  

1  
( 1 1 / 2 0 0 6 )  

1 0 0 0 /
7 5 0

I n  
u s e  

 
6 . 2 6  3 3 . 0 - 5 0 3 0 . 1 6 5 9 . 3 3 2 7 0 9 5 . 5

 
7 8  5 7 . 8 6 3 0 0 . 0 9

D e m o - p l a n t   
( A R T I - o f f i c e )  

2 4  
( 0 7 / 2 0 0 8 )  

1 0 0 0 /
7 5 0

I n  
u s e  

 
6 . 3 1  3 3 . 2 - 4 5 5 0 . 3 1 5 8 . 6 1 1 3 0 7 3 . 0

 
2 7 2  9 1 . 0 8 5 0 0 . 1 1

R e s e a r c h  p l a n t  
a t  A R D H I  

2 6  
( 0 9 / 2 0 0 8 )  

4 0 0 0 /
3 0 0 0

I n  
u s e  

 
6 . 4 6  3 1 . 2 - 3 3 6 0 . 8 8 8 3 . 3 6 1 0 0 4 5 . 0

 
3 1 4  4 2 3 . 0 6 5 0 0 . 6 5

I n s t i t u t i o n a l  
N e w  ( 1 . 9 . 0 8 )  

2 7  
( 0 9 / 2 0 0 8 )  

4 0 0 0 /
3 0 0 0

I n  
u s e  

 
6 . 4 2  3 2 . 0 - 3 4 7 0 . 4 7 7 5 . 8 4 5 . 0

 
3 2 8  2 2 3 . 8 7 5 0 0 . 3 0

I n s t i t u t i o n a l  
N e w  ( 1 . 9 . 0 8 )  

2 8  
( 0 9 / 2 0 0 8 )  

4 0 0 0 /
3 0 0 0

I n  
u s e  

 
6 . 4 0  3 1 . 1 - 3 6 6 1 . 3 7 8 3 . 8 4 8 . 0

 
3 2 0  6 5 5 . 4 8 0 0 0 . 8 2

I n s t i t u t i o n a l -
N e w ,  l a r v a e  
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T a b l e  2 6 :  G a s  c o m p o s i t i o n  o f  i n s p e c t e d  A R T I  p l a n t s  i n  D S M  ( 1 8 / 1 9  O c t o b e r  2 0 0 8 )  

  G  a  s    c  o  m  p  o  s  I  t  I  o  n  

A R T I  
C B S -  
#   

S t a t u s   C H 4  
[ V o l - % ]  

C O 2  
[ V o l - % ]  

O 2  
[ V o l - % ]

H 2 S  
[ p p m ]

N H 3  
[ p p m ]

2  I n  u s e  6 8  3 2  0 . 2 7 2 1 6 7

3  I n  u s e  5 4  4 6  0 > 1 0 0 > 2 0 0

4  N o t  i n  u s e  n o  g a s  i n  g a s h o l d e r  

5  N o t  i n  u s e  n o  g a s  i n  g a s h o l d e r  

6  N o t  i n  u s e  n o  g a s  i n  g a s h o l d e r  

7  N o t  i n  u s e  n o  g a s  i n  g a s h o l d e r  

1 4  N o t  i n  u s e  8 0  1 1  0 . 3 > 1 0 0 > 2 0 0

1 5  N o t  i n  u s e  5 9  4 1  0 . 5 > 1 0 0 > 2 0 0

1 7  N o t  i n  u s e  5 2  4 8  0 . 2 > 1 0 0 > 2 0 0

1 8  I n  u s e  5 7  4 3  0 . 1 > 1 0 0 > 2 0 0

2 5  N o t  i n  u s e  5 3  3 3  0 . 5 > 1 0 0 > 2 0 0

3 0  I n  u s e  4 8  5 2  0 . 3 > 1 0 0 > 2 0 0

1  I n  u s e  5 9  4 1  0 . 2 > 1 0 0 > 2 0 0

2 4  I n  u s e  5 7  4 3  0 . 3 > 1 0 0 > 2 0 0

2 6  I n  u s e  5 5  4 5  0 > 1 0 0 > 2 0 0

2 7  I n  u s e  5 4  4 6  0 > 1 0 0 > 2 0 0

2 8  I n  u s e  5 6  4 4  0 > 1 0 0 > 2 0 0

 

4 .2 .2  Prob lems and  consequences  

T he  poo r  r esu l t s  o f  t he  f i r s t  i ns pec t i on  tou r  i n  t e rms  o f  f unc t i on ing  a r e  ma in l y  a  conse -

quence  o f  

  

-  Lack  o f  p rope r  i ns t ruc t i on  by  ART I -TZ  ( leads  to  l ow unders tand ing  o f  t he  ope r a to r )  

-  Poo r  ma in tenanc e  by  the  ope r a to r  ( l eads  to  i napp rop r ia t e  ope r a t i on  and  dam age  o f  CBS)  

-  Lack  o f  f o l l o w- up  se r v i ce  by  ART I -TZ  ( l eads  to  un iden t i f i ed  fa i l u res  o f  CBS)  

 

T he  conc re te  causes  f o r  t he  b r eak -do wn  o f  t he  8  A RT I  s ys tems  i nc lude  b reak ing  o f  i n l e t  

p ipe ,  ov e r feed ing ,  b l ock ing  o f  i n l e t  p i pe  and  b rok en  gas  tab .  I n  some cas es ,  t he  d iges te r  

was  no t  i n  use  fo r  sev e ra l  m on ths  and  the  r ea l  caus e  o f  t he  fa i l u re  cou ld  no t  be  de te r -

m ined .  I n  gene r a l ,  t he  ope r a to rs  o f  t he  CBS d id  no t  seem  we l l  i n f o rmed  i n  t e rms  o f  po ten -

t i a l  f eeds tock ,  quan t i t y  o f  wa te r  t o  d i l u te ,  f eedback  o f  e f f l uen t ,  co r r ec t i on  o f  de fec t s ,  e t c .  

Cons ide r i ng  the  fac t  t ha t  ev en  m ino r  p rob lems  can  l ead  to  a  com p le te  s tands t i l l  o f  t h e  

s ys tem ( e .g  condens e  wa t e r  i n  t he  gas  hos e ) ,  t he  nec ess i t y  o f  an  accu ra te  t ra in i ng  and  

fo l l o w- up  s e rv i ce  i s  i nev i t ab le .   

 

As  a  resu l t  o f  t he  abov e  men t i oned  f i nd i ngs ,  t he  fo l l o wing  improv emen ts  we re  s t r i ved :  

 

-  Emp loy ing  an  add i t i ona l  ART I  t echn ic ian  fo r  f i x i ng  a l l  damaged  sys tems .   He  i s  f u r the r -

more  res pons ib l e  f o r  t he  fo l l o w- up  se rv i c es ,  espec ia l l y  du r i ng  the  f i r s t  mon ths  a f te r  t he  

pu rchase  o f  a  ne w CBS  un t i l  t he  da i l y  ope ra t i on  bec omes  hab i tua l .  

-  Conduc t i ng  a  works hop  fo r  t he  ART I  t echn i c ians  to  t each  them ho w to  i ns pec t  a  CB S  

s ys temat i c a l l y  by  m eans  o f  a  check  l i s t  ( see  Append i x  B 4 ) .  
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-  C rea t i ng  a  s imp le  cus tomer  manua l  i n  E ng l i sh  and  K is wah i l i  wh i c h  can  be  d i s t r i bu ted  as  

pa r t  o f  t he  i ns t ruc t i on  t r a in i ng .  T he  i l l us t ra ted  paper  c an  be  c onsu l ted  i n  cas e  o f  ques t i on s  

abou t  t he  feed ing  p roc edur e  and  when  m ino r  p rob lems  occu r  ( see  A ppend i x  B 3 ) .  

-  Encou r ag ing  the  cus t omers  to  c a l l  ART I -T Z  immed ia t e l y  i n  cas e  o f  any  d i f f i cu l t i es  so  t ha t  

a  comp le te  res ta r t  o f  t he  CBS can  be  avo ided .  

4 .2 .3  Resu l ts  o f  second  inspect ion  tour  

T he  second  i ns pec t i on  tou r  on  27  November  d i sc l osed  tha t  10  CBS wer e  func t i on ing  

wher eas  2  we re  s t i l l  no t  i n  use .   

 

One  o f  t he  CBS s t i l l  no t  f unc t i on i ng  i s  l oc a ted  i n  a  rem ote  ru ra l  a r ea  ou ts i de  Dar  es  Sa -

laam and  i t s  d iges te r  s i ze  i s  2000 l .  Acco rd ing  to  t he  ope r a to r ,  he  p re fe rs  t o  se l l  t he  

k i t chen  wa s te  to  nea r by  p ig  f a rm ers  and  the re f o re  does  no t  have  s u f f i c i en t  f eeds tock  to  

ope r a te  the  p lan t .  T he  second  CB S no t  i n  us e  was  heav i l y  ov e r fed  a l ready  du r ing  the  f i r s t  

i nspec t i on  t ou r .  Acco rd ing  to  t he  adv i ce  o f  ART I -TZ ,  t he  feed ing  was  i n te r rup ted  i n  o rde r  

f o r  t he  pH  to  r i se  up  to  a t  l eas t  6 ,  be fo re  s ta r t i ng  regu la r  f eed ing  aga in .  Ho wev er ,  t he  d i -

ges te r  s t i l l  sho wed  h igh  ac i d i t y  on  the  sec ond  i nspec t i on  tou r  (pH<5)  and  i t s  gas  was  no t  

combus t i b le .  L imes tone  (p rev ious l y  d i l u ted  w i t h  wa t e r )  cou ld  be  added  to  i nc reas e  the  pH .  

 

A l l  o the r  CBS were  f unc t i on ing  and  p r oved  t ha t  t he  s e r v i ces  done  by  ART I -TZ  fo l l o wing  

the  f i r s t  i nspec t i on  wer e  success fu l .  Po in t s  o f  conce r n  on  a l l  p l an ts  r ema ined  the  f requen t  

b lock i ng  o f  t he  gas  hose  by  c ondens e  wa te r  and  i n  t wo  cases  the  l ong  d i s tance  ( up  t o  

15m)  be t we en  d i ges te r  and  bu r ne r .   
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Wh i l e  i n  3  hous eho ld  d iges te rs ,  a  hand fu l  i n sec t  l a r vae  was  d i scove red ,  one  hous eho l d  

CBS and  one  d i ges te r  a t  Azan ia  Secondar y  Schoo l  d i s p layed  a  l a rge  popu la t i on  o f  i ns ec t  

l a r vae  (F igu re  39 ) .  

 

 

 

 

A  c lose r  l ook  a t  t he  Zoo logy  Depar tmen t  (DSM Un ive rs i t y )  r evea led  tha t  

 

-  80 -90% o f  t he  l a rvae  (and  pupae )  f ound  i n  t he  d i ges te r  wer e  spec ies  o f  t he  Psychod ida e  

f am i l y  ( eng l .  sewage  f l i es  o r  mo t h  f l i es ) ,  wh i ch  do  no t  b i t e  and  a r e  no  se r i ous  d i seas e  

t ransmi t t e r .  

-  10 -20% o f  t he  l a rvae  (and  pupae )  were  Cu lex ,  wh i ch  a r e  the  m os t  w ides p read  mosqu i to  

spec ies  i n  Da r  es  Sa laam.  T hey  ac t  as  human  nu i s ance  and  as  vec t o r  o f  f i l a r i a l  pa ras i t es .   

-  Anophe les  mosqu i toes  ( t r ansmi t t e r  o f  Ma la r i a  pa r as i t es )  wer e  no t  f ound  due  to  t he  h igh  

o rgan ic  po l l u t i on  o f  t he  d iges te r  l i qu i d .  Acco rd ing  to  M a rqua r d t  e t  a l .  ( 2000 ) ,  Anophe les  

l a r vae  occu r  i n  a  w ide  range  o f  hab i ta t s  bu t  mos t  spec ies  p re fe r  c l ean ,  unpo l l u t ed  wa t e r .  

 

 
F i g u r e  3 9 :  I n s e c t  l a r v a e  f o u n d  i n  d i g e s t e r  o f  A Z A N I A  S e c .  S c o o l  
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5 Discussion 

5 .1  Assessment  

T o  gua ran tee  a  t ranspa ren t  eva lua t i on  rega r d in g  the  su i t ab i l i t y  o f  ART I  Compac t  b i ogas  

s ys tems  as  a  t rea tmen t  op t i on  fo r  o rgan i c  so l i d  was te  on  hous eho ld  l eve l  i n  Dar  es  Sa -

laam,  the  assessmen t  has  been  d i v i ded  i n to  t he  fo l l o wing  f i ve  c r i t e r i a  g roups .  

5 .1 .1  Techn ica l  aspect s  

I f  ope ra ted  p rope r l y ,  t he  ART I  Compac t  b iogas  s ys tem i s  robus t  i n  t e rms  o f  s t ruc tu ra l  and  

b io l og i ca l  s t ab i l i t y .   

A l l  ma te r i a l  nec essa r y  fo r  t he  i ns ta l l a t i on  o f  a  CB S i s  l oca l l y  ava i l ab l e .  Va r ious  rec om-

menda t ions  rega r d ing  t he  us e  o f  m a te r i a l  and  enhanc ed  f eed ing  p roc edur e  can  be  found  i n  

5 .2 .1 .  Longev i t y  i s  no t  cons ide red  to  impose  a  p rob lem,  as  the re  i s  a  30 - yea r  gua r an tee  

on  the  wa t e r  t anks  g i ven  by  the  manu fac tu re r .    

B lock i ng  o f  t he  i n l e t  p i pe  s eems  to  occ u r  f r e -

quen t l y  as  a  resu l t  o f  i nsu f f i c i en t  cu t t i ng  o r  d i l u t i ng  

o f  t he  feeds tock .  I n  add i t i on ,  i t  was  obse rv ed  tha t  

t he  mo is tness  o f  t he  sys tem a t t rac t s  A f r i can  G ian t  

Land  Sna i l s  (Acha t i na  fu l i ca )  wh i ch  can  a l s o  l ead  

to  c logg ing  o f  t he  i n le t  (F igu re  40 ) .  

T he  gas  l oss  th rough  t he  r im  be t ween  d iges te r  and  

gasho lde r  (app r ox ima t e l y  22%)  l eaves  room  fo r  improv emen t  as  the  em iss ion  o f  b iogas  

reduc es  the  e f f i c i enc y  o f  t he  s ys tem and  sp reads  undes i r ed  g reenhouse  gas es .    

A l t hough  the  resea rc h  CBS a t  ARDHI  d id  no t  cause  any  p rob lems  and  was  rega rded  as  

s imp le  to  ope ra te ,  t he  i nspec t i on  tou rs  c lea r l y  p rov ed  tha t  a  p r ope r  f o l l o w-up  se rv i c e  i s  

no t  op t i ona l  bu t  abs o lu te l y  ess e n t i a l .  T h i s  i s  p redominan t l y  im por tan t  du r i ng  the  f i r s t  3  

mon ths  a f te r  t he  pu rchase  o f  a  CBS,  as  l ong  as  the  da i l y  r ou t i ne  o f  t he  ope r a to r  has  n o t  

been  conso l i da t ed .  C l ima t i c  cond i t i ons  i n  DS M a re  fav ou rab le  fo r  t he  CBS,  as  ave r age  a i r  

t empera tu r e  i s  op t im a l  f o r  anae rob i c  p r oc ess  (30 -35° C)  and  the  nega t i ve  i n f l uence  o n  

p rocess  s tab i l i t y  and  gas  p roduc t i on  caus ed  by  ra in fa l l  i s  m in ima l .   

 

Bio log ica l  per fo rman ce  

Average  gas  p roduc t i on  o f  t he  resea rch  p lan t  when  feed ing  FW and  MW a re  pos i t i ve  and  

ra the r  h i gh  compar ed  to  l i t e ra tu r e  f i nd i ngs  (Tab le  27 ) .  

 
T a b l e  2 7 :  C o m p a r i s o n  o f  g a s  p r o d u c t i o n  f r o m  r e s e a r c h  r e s u l t s  w i t h  f i n d i n g s  f r o m  l i t e r a t u r e  

S o u r c e  F e e d s t o c k  T S  [ % ]  V S  [ % ]  C H 4  
c o n t e n t  [ % ]  

G a s  
[ N l / k g  V S ]  

L o h r i ,  2 0 0 9  F o o d  w a s t e  2 4 9 1 5 7  5 7 2

E d e r & S c h u l z ,  2 0 0 3  K i t c h e n  w a s t e  9 - 3 7 8 0 - 9 8 4 5 - 6 1  2 0 0 - 5 0 0

D e u b l e i n ,  2 0 0 8  L e f t o v e r s  ( C a n t e e n )  9 - 3 7 7 5 - 9 8 -  4 0 0 - 1 0 0 0

   

L o h r i ,  2 0 0 9  M a r k e t  w a s t e  1 0 8 8 6 6  6 2 8

E d e r & S c h u l z ,  2 0 0 3  M a r k e t  w a s t e  2 8 - 4 5 5 0 - 8 0 6 2  4 5 0

D e u b l e i n ,  2 0 0 8  M a r k e t  w a s t e  8 - 2 0 7 5 - 9 0 -  4 0 0 - 6 0 0

 

 

 
F i g u r e  4 0 :  A f r i c a n  G i a n t  S n a i l  
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T he  ave rage  pH  va lue  o f  a l l  v i s i t ed  CBS ( i n  ope ra t i on )  was  6 .5 ,  wh i ch  i s  a t  t he  l o w end  o f  

t he  recomm ended  pH r ange  (6 .5 - 7 .5 )  f o r  one - s tage  s ys tems  (We l l i ge r  e t  a l . ,  1991 ,  Ma ta -

A l va rez ,  2003 ,  Ede r  &  Schu l z ,  2006) .    

5 .1 .2  Economica l  aspects  

Accord i ng  t o  Cos tec h  ( 2006 ) ,  t he  ma jo r  ba r r i e r  f o r  d i ss emina t i on  o f  t he  b i ogas  techno logy  

i n  T anzan ia  i s  t he  h igh  i nv es tmen t  cos t .  T h i s  s ta temen t  i s  a l so  app l i c ab le  f o r  t he  ART I  

CBS.  T he  mon th l y  i nc ome o f  t he  ma jo r i t y  o f  pop u la t i on  i n  t he  c i t y  o f  Da r  es  S a laam v a r ies  

be t ween  20 ,000  T ZS (20  US $)  and  200 ,000  TZS  (200  US$)  and  the  T anzan ia  Depar tmen t  

o f  S ta t i s t i cs  es t ima tes  the  c i t y ’ s  mon th l y  pe r  cap i ta  i ncome a t  a r ound  40  US$  (Sanga ,  

2003 ) .  Cons ide r i ng  t hese  fac t s ,  t he  850 ’000  TZS inves tmen t  cos t  f o r  a  hous eho ld  p lan t  

l im i t s  t he  range  o f  po t en t i a l  cus tomers  to  members  o f  t he  h igh - i nc ome c lass  on l y .   

I t  i s  f u r the r  ques t i onab le ,  i f  t he  gap  be t ween  ma te r i a l  c os t  o f  a  CBS (360 ’000  T ZS)  and  

p r i ce  o f  t he  s ys tem ( 850 ’000T ZS)  needs  to  be  as  h i gh  as  i t  i s  o r  i f  ano the r  s t ra t egy  wou ld  

be  more  he lp fu l  i n  acc omp l i sh ing  the  goa l  o f  w ide  d i ssemina t i ng  o f  t he  techno logy .  

 

T he  b iomet han iza t i on  o f  2kg  k i t chen  was te  ( cons i s t i ng  o f  1kg  food  was te  and  1kg  m arke t  

was te   17%T S,  90%VS)  i n  t he  A RT I  resea rch  CBS r esu l ted  i n  an  ave rage  o f  200 l  b i ogas  

(61% CH 4 ) ,  wh ic h  i n  t u rn  res u l ted  i n  a  bu rn ing  du ra t i on  o f  45  m in .  T h i s  i s  app rox ima t e l y  

1 /3  o f  t he  ave rage  cook ing  t ime  o f  2 .5h  pe r  day  and  fam i l y  (hous eho ld  w i th  5  m embers ) .   

An  ave rage  househo ld  us ing  84kg  o f  cha rcoa l  pe r  mon th  ( Sanga ,  2003 )  can  the r e fo re  sav e  

one  th i r d  o f  cha rcoa l  (28kg ) ,  wh i ch  i s  an  eq u iva l en t  o f  23 ’ 000  T ZS (cu r ren t  mon th l y  ex -

pend i tu res  pe r  househo ld  and  m on th :  70 ’ 000  TZS) .  T he  amor t i sa t i on  pe r i od  hence  adds  up  

to  app rox im a te l y  3  yea r s .    

 

Cha rc oa l  i ndus t r y  i s  one  o f  t he  l a r ges t  i n fo rm a l  s ec to rs  i n  T anzan ia ,  p rov id i ng  emp loymen t  

espec ia l l y  t o  t he  ve r y  poo r  pa r t  o f  soc ie t y .  A s  these  peop le  may  p robab l y  no t  bene f i t  d i -

rec te l y  f rom the  ART I  t echno logy  becaus e  o f  i t s  h igh  i nves tmen t  cos ts ,  t hey  m igh t  even  

see  a  dec rease  i n  poss ib i l i t i es  f o r  i ncom e genera t i ng  ac t i v i t i es .  T he  pove r t y  r educ t i on  po -

ten t i a l  i s  t hus  assessed  to  be  ve r y  l o w.  

 

As  the re  a r e  cu r r en t l y  no  c ompe t i ng  p roduc ts  on  the  T anzan ian  marke t  f o r  anae rob i c  d i -

ges t i on  o f  o rgan ic  so l i d  was te  on  hous eho ld  l eve l ,  t he  po ten t i a l  marke t  v i ab i l i t y  i s  r e -

ga rded  to  be  good .  The  mos t  c r i t i ca l  mark e t  f ac to r  i s  qua l i t y  and  re l i ab i l i t y  o f  i ns ta l l ed  

d iges te rs ,  as  mou th  to  mou th  p r opaganda  c an  a l s o  wor k  coun te rp r oduc t i v e  i n  case  o f  bad  

pe r fo rmanc es .  Consequen t l y ,  an  accu ra te  qua l i t y  con t ro l  se rv i ce  i s  imminen t .  

5 .1 .3  En vi ronmenta l  aspect s  

Vie wed  f rom an  env i r onmen ta l  pe r spec t i ve ,  t he  anae r ob i c  d iges t i on  o f  o rgan i c  s o l i d  was t e  

i n  an  ART I  Compac t  b i ogas  s ys tem bea rs  seve ra l  pos i t i ve  consequences :   

 

-  83% -  92% reduc t i on  o f  o rgan i c  l oad  and  hence  l ess  po l l u t i on  th rough  open  dumps  

-  30% d im inu t i on  o f  cha rcoa l  use  and  the re fo r e  l ess  de fo r es ta t i on  

-  Reduc t i on  o f  me thane  em iss ion ,  i f  p roduced  b iogas  i s  p r ope r l y  bu rned  

-  An  odou r l ess  h igh -qua l i t y  f e r t i l i z e r  

-  A  h igh  po ten t i a l  f o r  a war eness - r i s i ng  as  i t  pe r fec t l y  s ho ws  tha t  was te  can  be  l ooked  a t  

and  us ed  as  a  va luab le  resou rc e  ( ‘ f r om was te  to  va lue ’ ) .  
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5 .1 .4  Soc io -cu l tu ra l  and  po l i t i ca l  aspects  

T he  accep t ance  o f  b iogas  i n  T anz an ia  i s  h i gh  and  i t  ev en  c a r r i es  the  pe rcep t i on  o f  be ing  

moder n  (Sc hmi t z ,  2007 ) .  Ye t  t he r e  i s  l o w awa reness  abou t  was te  separa t i on ,  wh ic h  can  

resu l t  i n  non -b i odeg radab le  ma te r i a l  l and ing  i ns ide  the  d iges te r  (bones ,  wood ,  p l as t i c…)  

o r  b iodeg r adab le  ma t te r  no t  be ing  fed  i n to  t he  d iges te r .  T he  day- to -day  ope r a t i on  o f  a  

CBS requ i r es  a  h igh  l eve l  o f  d i sc i p l i ne  and  rou t i ne  to  ma in ta in  a  h i gh  gas  p roduc t i on .  I t  i s  

t he re fo re  impor tan t  t o  l ay  emphas is  on  p rope r  i ns t ruc t i ons  and  fac i l i t a te  the  da i l y  hand l i ng  

as  much  as  poss ib le .  

T he re  i s  no  exp l i c i t  po l i t i ca l  suppo r t ,  bu t  a l so  no  spec i f i c  obs tac l es  have  been  obse rved  i n  

rega r d  to  b i ogas  d i ssemina t i on .  

5 .1 .5  Sa fe t y  issu es  

Al though  a  theo re t i c a l  r i sk  o f  exp los ion  w i t h  b i ogas  ex i s t s ,  such  ca tas t rophe  i s  no t  l i ke l y  

t o  occu r .  Danger  a r i ses  ma in l y  i n  c l osed  chambers ,  whe re  a  m ix tu r e  o f  a i r  and  b iogas  (6 -

12%)  evo l v es .  Ho wev e r ,  no  exp los ion  re la ted  to  b i ogas  u t i l i sa t i on  has  been  repo r ted  i n  

T anzan ia  (Schmi t z ,  2003 ) ,  wh ich  i s  p robab l y  a  resu l t  o f  t he  common l y  open  and  the re fo r e  

we l l  v en t i l a t ed  rooms  wher e  d iges te rs  and  bu rne rs  a r e  l oca ted .  Bo t h  me thane  ( l i gh t e r  t han  

a i r )  and  ca rbon  d iox ide  (heav ie r  t han  a i r )  a r e  tox i c  gas es  bu t  a re  no t  cons ide red  to  im-

pose  a  se r i ous  th rea t  t o  human  hea l th  bec aus e  o f  t he  a i r y  a rch i t ec tu re  o f  T anzan ian  bu i l d -

i ngs .  

 

T he  haza rd  o f  a t t rac t i ng  se r i ous  d i sease  t ransm i t t e rs  by  the  open  a rea  o f  d i ges te r  l i qu id  

( r im)  i s  re l a t i ve l y  l o w,  bu t  can  no t  be  com p le te l y  neg lec ted .  Wh i l e  Anophe les  mosqu i t oes  

a re  un l i k e l y  t o  appear  i n  d iges t e rs  because  o f  t he  h igh  o rgan ic  po l l u t i on ,  Cu lex  mosqu i -

t oes  w i l l  no t  des p i se  th i s  k i nd  o f  b reed ing  g round .  Due  to  t he  phys i ca l  cons t ruc t i on  o f  

mosqu i to  l a r vae  (A ppend i x  C4) ,  t hey  need  t o  l i v e  unde rnea th  the  l i qu id  su r face  to  s uck  

oxygen  th rough  the i r  b r ea th i ng  tube .  Any  tu rbu lence  d i s t u rbs  th i s  v i t a l l y  impor tan t  ac t i v i t y .  

As  f l ood ing  o r  f l ush ing  o f  b r eed ing  p lace  p r even t  t he  b r eed ing  o f  m osqu i to  l a rv ae  (Chees -

b rough ,  1987 ) ,  s t i r r i ng  the  r im  su r face  spo rad i ca l l y  w i t h  a  s t i ck  can  the re fo re  d im in i sh  th e  

l a rva l  mos qu i to  popu la t i on .   

 

I f  b i ogas  i s  con t i nuous l y  p roduced  bu t  no t  cons tan t l y  us ed ,  t he  capac i t y  o f  t he  gasho lde r  

w i l l  be  exc eeded .  T he re  i s  ha r d l y  any  danger  f o r  t he  dome  to  topp le  ov e r ,  as  the  gas -

ho lde r  w i l l  be  s l i gh te l y  l i f t ed  by  t he  p ressu r e  o f  t he  gas .  T he  abundan t  b i ogas  can  thus  

bubb le  ou t  t h rough  the  r im  wh ich  i s  comparab le  t o  a  sa fe t y  p ress u re  va l ve .  

 

A l t hough  hyd r ogen  su lph ide  i s  a  t ox i c  gas  (Tab le  10 ) ,  desu lphu r i sa t i on  on  the  b iogas  re -

su l t i ng  f rom an  ART I  CBS a t  househo ld  l ev e l  i s  no t  necessa r y .  S ince  CH 4  and  CO 2  a re  

bo th  odou r l ess  (bu t  neve r the less  dangerous ) ,  t he  appear ance  o f  H 2 S  can  even  be  he lp fu l  

i n  de tec t i ng  gas  l eakages .  S imp le  expe r imen t s  hav e  been  done  by  add ing  a  l ow- tec h  su l -

phu r  t r ap  to  t he  resea rch  p lan t .  Ye t  t he  e f f i c i enc y  o f  t he  t rap  cou ld  no t  be  fu l l y  measu red  

due  to  t he  l o w H 2 S  de t ec t i on  range  o f  t he  Dräge r  X -am 7000  sens o r .  

 

I t  i s  wor th  men t i on ing  tha t  a  we l l  f unc t i on i ng  CBS does  no t  re lease  any  bad  odour  and  i s  

t he re fo re  use r - f r i end l y  i n  t h i s  rega rd .  
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5 .1 .6  O ver view  o f  su i tab i l i t y  assessment   

T ab le  28  p r esen ts  an  ove rv ie w o f  t he  p r ev ious l y  d i sc ussed  c r i t e r i a  and  the i r  ev a lua t i on  i n  

t e rms  o f  su i t ab i l i t y .  The  c r i t e r i a  l i s ted  do  no t  c l a im  comp le teness  o r  equa l i t y  o f  impor -

tance ,  bu t  demons t ra te  a  poss i b i l i t y  t o  asses s  a  ques t i on  i nco r po ra t i ng  d i f f e ren t  aspec ts .  

 

 
T a b l e  2 8 :  O v e r v i e w  o f  s u i t a b i l i t y  a s s e s s m e n t  

C r i t e r i a  o f  s u i t a b i l i t y  
V e r y  
 l o w  
  - -   

 
L o w  
  -  

 
. O K .   
  o   

 
G o o d  
   +  

V e r y  
g o o d  
  + +  

 T e c h n i c a l  a s p e c t s     X   

L o c a l  a v a i l a b i l i t y  o f  m a t e r i a l     X  

S u i t a b i l i t y  o f  p a r t s  u s e d   X    

B i o l o g i c a l  p e r f o r m a n c e     X  

S i m p l i c i t y  o f  o p e r a t i o n    X   

O p t i o n a l i t y  f o r  m a i n t e n a n c e  ( f o l l o w - u p  s e r v i c e )  X     

C l i m a t i c a l  s u i t a b i l i t y     X  

 E c o n o m i c a l  a s p e c t s   X     

W i d e s p r e a d  a f f o r d a b i l i t y  ( i n v e s t m e n t  c o s t ) X      

S a v i n g s  t h r o u g h  e n e r g y  s u b s t i t u t i o n   X    

P o t e n t i a l  m a r k e t  v i a b i l i t y    X   

P o v e r t y  r e d u c t i o n  p o t e n t i a l X      

 E n v i r o n m e n t a l  a s p e c t s      X  

R e d u c t i o n  o f  o r g a n i c  w a s t e     X  

R e d u c t i o n  o f  d e f o r e s t a t i o n  ( c h a r c o a l  u s e )     X  

B e n e f i t s  f r o m  o r g a n i c  f e r t i l i z e r     X  

A w a r e n e s s  r i s i n g  p o t e n t i a l  ( n u t r i e n t  c i r c l e )     X  

R e d u c t i o n  o f  g r e e n h o u s e  g a s  e m i s s i o n s    X   

 S o c i o - c u l t u r a l  a n d  p o l i t i c a l  a s p e c t s    X    

A c c e p t a n c e  a n d  r e p u t a t i o n  o f  b i o g a s     X  

A w a r e n e s s  o f  w a s t e  s e p a r a t i o n  X     

C h a n g e  o f  d a i l y  r o u t i n e   X    

P o l i t i c a l  s u p p o r t   X    

 S a f e t y  i s s u e s  ( n u i s a n c e s )     X   

F r o m  e x p l o s i o n    X   

F r o m  d i s e a s e  s p r e a d i n g  ( m o s q u i t o e s )   X    

F r o m  t o x i c  e f f e c t  o f  C H 4  &  C O 2    X   

F r o m  H 2 S    X   

O d o u r     X  

 O V E R AL L  S U I T AB I L I T Y     X   
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5 .2  Recommendations  

5 .2 .1  Genera l  

T he  ART I  Compac t  b iogas  s ys tem  (CBS)  seems  more  feas ib l e  f o r  househo lds  i n  u rban  a r -

eas ,  as  o rgan i c  so l i d  was te  gene ra ted  i n  ru ra l  reg i on  a re  p re fe rab l y  used  as  an ima l  f eed .  

D i scuss i ons  w i th  cus t omers  p rev ious  to  t he i r  pu rchase  o f  a  CBS shou ld  em phas i ze  on   

 

-  T he  rea l i s t i c  amoun t  o f  o rgan i c  was te  pos s ib l y  gener a ted  i n  t he i r  hous eho ld  (and  the  

poss ib i l i t y  t o  o rgan i ze  add i t i ona l  was te  i n  t he i r  ne ighbourhood) .  

-  T he  app r ox im a te  ope r a t i ona l  e f f o r t  pe r  day  and  the  res pons ib i l i t y  o f  t he  pe rson  ope ra t i ng  

the  ART I  Compac t  b i ogas  s ys t em.  

-  T he  p resumab le  ou tpu t  o f  b iogas  and  i t s  ene rgy  equ iva l en t  (hou rs  o f  cook ing ) .  

( -  T he  poss ib i l i t y  o f  ge t t i ng  money  re funded  th rough  we l l  ma in tenance  o f  t he  CBS  re -

ba te  s ys tem,  see  5 .2 .3 ) .  

 

As  a  resu l t  o f  t he  i ns pec t i on  tou rs ,  t he  CBS seems  su i t ab le  f o r  househo lds  a im ing  to  s av e  

money  i n  t he  l ong  te rm (by  rep lac ing  c onv en t i ona l  cook ing  fue l s ) .  T hese  househo lds  

shou ld  be  ta rge ted  and  cou ld  be  reac hed  by  a  m ore  a t t rac t i ng  ( r educ ed)  p r i ce  pe r  un i t .  

Mos t  hous eho ld  o f  t he  h igh - i ncom e c lass  however  d id  no t  seem to  pay  much  a t ten t i on  to  

t he  func t i on ing  o f  t he  s ys tem as  the  f i nanc ia l  f ac to r  i s  no t  essen t i a l  t o  t hem.  

On  an  i ns t i t u t i ona l  l ev e l ,  t he  CB S seem t o  be  m ore  s uccess fu l ,  as  t he  sc hoo ls  can  pu r -

pose l y  appo in t  an  em p loyee  r espons ib le  f o r  t he  da i l y  f eed ing  o f  t he  p lan t .  T h i s  emp loyee  

i s  t hus  i n te res ted  i n  good  ma in tenanc e  and  pe r fo rmanc e  o f  t he  s ys tem,  as  h i s  sa la r y  d i -

rec t l y  depends  on  i t .  I n  add i t i on ,  CBS can  he lp  eco - l odges  w i t h  t he  a im  o f  o f f e r i ng  an  en -

v i ronmen ta l  f r i end l y  a l t e rna t i v e  to  mass  t ou r i s m to  l i ve  up  to  t he i r  ph i l osophy .  

5 .2 .2  Techn ica l   

Ins ta l l a t ion  

T he  mos t  essen t i a l  t ec hn i c a l  rec ommenda t i on  fo r  improvemen t  conce rns  the  s i ze  o f  d i -

ges te r  and  gasho lde r .  A  be t te r  f i t  be t ween  these  t wo  e l emen ts  wou ld  cons ide rab l y  r educe  

the  l oss  o f  b iogas  to  t he  a tmosphere .  Wh i l e  t h i s  l oss  i s  abou t  22% o f  t o ta l  d iges te r  a rea  

us ing  S IMTANKs  (see  2 .3 .2 ) ,  AFRIT ANKs  (1000 l  t ank :  Ø1 .07m,  750 l  t ank :  Ø0 .98m)  wou l d  

reduc e  th i s  was te  a r ea  to  app rox im a te l y  14%.  Acco rd i ng  to  ART I -TZ ,  nego t i a t i ons  w i th  

AFRIT ANK a re  on  i t s  wa y .  I ns tead  o f  c l ue i ng  pa r t s  l i ke  n ipp le ,  e l bow and  gas  tap  w i th  A r -

a ld i t e ,  i t  i s  adv i sab le  to  use  so l i d  t ape .  Wh i l e  one  b rok en  pa r t  can  the reby  eas i l y  be  un -

sc re wed  and  rep laced ,  b roken  ob jec ts  wh ich  a r e  c lued  toge the r  even tua l l y  r equ i re  t he  re -

p lac emen t  o f  t he  who le  gasho lde r .  

T o  m in im ize  the  r i sk  o f  a  b locked  i n l e t -p ipe ,  ART I -TZ  s ta r ted  to  i ns ta l l  a  s wi f t - e lbo w i n -

s tead  o f  a  T -connec to r  a t  t he  l o wer  end  o f  t he  i n le t -p ipe .  However ,  i t  i s  more  recommend-

ab le  to  a t t ach  a  2 ” -ba l l  v a l ve  to  t he  T -connec to r  (as  i t  has  been  done  on  t he  res ea rc h  

p lan t ) ,  t h rough  wh ich  t he  b l ock ing  ma te r i a l  can  eas i l y  be  removed .     

Even  p rope r l y  ope ra ted  CBS pe r manen t l y  c r ea te  c ondense  wa te r  wh ich  l ead  to  c logg ing  o f  

t he  gas  hos e  on  a  week l y  bas i s .  A l t hough  suc h  m ino r  p rob lems  can  eas i l y  be  c o r rec ted  by  

remov ing  the  wa te r ,  i t  can  a l so  l ead  to  a  co mp le te  s t ands t i l l  o f  t he  s ys tem i f  no  ac t i ons  

a re  under taken .  I n  A ppend i x  C6 ,  t h ree  sugges t i ons  fo r  condens e  wa te r  d ra i ns  can  be  

found .  
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Dai ly  opera t ion  

I t  i s  h igh l y  recommended  to  adop t  t he  enhanced  feed ing  p rocedure  as  desc r i bed  i n  3 .1 . 2  

(Feed ing  p l an ,  phas e  2 )  wh ich  i nc l udes   

 

-  p rev ious  d i l u t i on  o f  c u t -up  feeds tock  to  p reven t  b lock ing   

-  f eedback  o f  e f f l uen t  (20 l )  t o  m i x  bac te r i a  w i t h  f resh  i n f l uen t  and  p reven t  d i s t i nc t i ve  pH  

g rad ien ts  i ns ide  the  d iges te r  

 

T he  i n le t  p ipe  shou ld  pe rmanen t l y  be  cove red  to  avo id  en te r i ng  o f  g ian t  sna i l s .  A  5 l -

bucke t  can  fac i l i t a te  t he  ope r a to rs ’  unde rs tand ing  o f  t he  requ i red  da i l y  f eed ing  l oad .  Add i -

t i ona l l y ,  a  20 l  buck e t  w i t h  a  c l ea r l y  v i s i b le  10 l -mark  c an  be  recomm ended  t o  m easu r e  the  

amoun t  o f  wa t e r  t o  d i l u te  t he  feeds tock  w i t h .  Com p la i n t s  o f  cus t omers  abou t  t he  weak  

f l ame  o f  t he  bu rne r  can  be  p reven ted  by  adv i s i ng  them  to  l ay  ha l f  a  cemen t  b r i ck  on  th e  

gasho lde r .  A  phone  number  o f  an  ‘ART I  b iogas  doc to r ’  on  the  d i ges te r  can  he lp  i n  cas e  o f  

any  ques t i ons .  

 

Fo l low -up  ser vi ce  
A c lea r  a f t e r - sa les  s e r v i ce  s t ra tegy  s hou ld  be  deve loped .  A f te r  t he  i ns ta l l a t i on ,  t h ree  s e r -

v i ces  shou ld  be  conduc ted  wh ic h  a re  i nc luded  i n  t he  p r i ce  o f  a  Compac t  b iogas  s ys tem.   

 

1 s t  se rv i ce  (2  weeks  a f te r  i ns ta l l a t i on  be fo re  t he  f i r s t  f eed ing ) :  Demons t ra t i on  and  exp la -

na t i on  o f  t he  feed ing  p r ocedu re  (po ten t i a l  f eeds tocks ,  p re - t rea tmen t ,  d i l u t i on ,  f eedback  o f  

e f f l uen t ,  condense  wa t e r  remova l ,  i nd i c a t i on  o f  poss ib le  p rob lems ,  u t i l i sa t i on  o f  e f f l uen t ,  

d i s t r i bu t i on  o f  manua l ,  encou r agemen t  t o  ca l l  ‘ b i ogas  doc to r ’  i n  cas e  o f  ques t i ons )  

 

2 n d  se rv i ce :  ( 3 -4  weeks  a f t e r  1 s t  s e rv i ce ) :  Check -up  o f  CBS (see  check - l i s t ,  Append i x  B 4 ) ,  

sho r t  i n te rv ie w wi th  ope ra to r  abou t  expe r ienc es  and  p r ob lems  

 

3 r d  se rv i c e :  (6  m on ths  a f t e r  i ns ta l l a t i on ) :  Check -up  o f  CBS,  sho r t  i n te rv ie w w i th  ope ra to r  

abou t  expe r ienc es  and  p rob lems  

 

A l l  se rv i c es  shou ld  be  doc umen t ed  and  the  da te  and  s ta tus  marked  on  a  s t i cke r  on  the  

d iges te r .  The  2 n d  and  3 r d  f o l l o w- up  se rv i ces  shou ld  poss ib l y  be  a r ranged  to  take  p lac e  

du r i ng  feed ing  t im e .  Th i s  a l l o ws  obse rv a t i on  and  g i v es  room fo r  t he  ART I  t echn i c i an  to  

comment  t he  p roc edu r e .  A f te r  t he  3 r d  se rv i ce ,  a  spo rad i c  i nqu i r y  by  phone  can  g i ve  v a l u -

ab le  i n fo rm a t ion  abou t  t he  s ta tus  o f  f unc t i on i ng  and  the  sa t i s f ac t i on  o f  t he  cus tomer .  An -

o the r  se rv i c e  package  ove r  a  ce r t a in  pe r i od  can  be  o f fe r ed  aga ins t  paymen t .  

 

Each  t ime  an  ART I  t echn i c i an  v i s i t s  an  ope ra t i ng  CBS,  5 -10 l  o f  e f f l uen t  shou ld  be  co l -

l ec ted  and  b rough t  back  to  a  l a r ge  demons t ra t i ona l ,  r egu la r l y  f ed  ‘mo the r  p l an t ’  a t  t he  

ART I  o f f i ce .  T he  agg rega te  o f  bac te r i a l  sam p les  f rom a l l  ex i s t i ng  p lan ts  wh ic h  a re  cu l t i -

va ted  the r e  ac t  as  a  rese rvo i r  o f  d i ve rse  i noc u lum and  c an  be  used  when  se t t i ng -up  a  ne w 

CBS to  gua ran tee  a  po ten t ,  odou r l ess  s ta r t -up  m ix .  

 

 

 



Z H A W  B a c h e l o r  T h e s i s  0 9  C h r i s t i a n  L o h r i  U I 0 5  

 57    

 

 

5 . 2 .3  Economica l   

Prev ious  to  t he  sa l e  o f  an  ART I  Compac t  b i ogas  s ys tem (CBS) ,  t he  rea l i s t i c  amoun t  o f  

k i t chen  was te  gener a ted  i n  t he  househo ld  shou l d  be  es t ima ted  and  the  cus tomer  g i ven  the  

op t i on  to  choose  be t ween  t wo  a l t e r na t i ves :   

 

-  A  regu la r  CBS (1000 l )  wh ich  i s  on l y  f ed  w i t h  the  da i l y  was te  genera ted  i n  t he  househo ld .  

T he  ou tpu t  can  subs t i t u te  up  to  1 / 3  o f  t he  expens es  fo r  cook ing  fue l .  

-  A  l a rge r  CBS (1500 - 2000 l ) ,  wh i c h  requ i res  t he  o rgan is a t i on  o f  add i t i ona l  was t e  f rom res -

tau ran ts ,  m arke ts  and / o r  ch ips  s e l l e r s  nea r by .  On  one  hand  the  i nv es tmen t  cos t  i s  h ighe r ,  

on  the  o the r  hand  a l s o  the  b iogas  ou tpu t  and  the re fo re  the  subs t i t u t i on  o f  cook ing  fue l  

r i ses .  I t  shou ld  be  c lea r l y  commun ica ted  tha t  t h i s  a l t e r na t i ve  r equ i res  more  l og i s t i c a l  e f -

f o r t  t o  co l l ec t  t he  was t e  and  mor e  ope r a t i ona l  e f f o r t  t o  f eed  the  p l an t .  

 

S ince  the  p r i ce  o f  850 ’000  T ZS fo r  a  hous eho ld -CBS cons t i t u tes  the  ma in  ba r r i e r  f o r  a  

w ide  d i ss emina t i on  o f  t he  ART I  techno logy  i n  T anzan ia ,  t he  p r i c e  s t ra tegy  shou ld  be  re -

cons ide red .  A  rewa rd ing  reba te  s ys tem cou ld  even tua l l y  mo t i va te  t he  use rs  t o  t ake  be t te r  

ca re  o f  t he i r  CBS.  On  the  2 n d  and  3 r d  f o l l o w- up  se rv i c e ,  t he  cus tomers  cou ld  be  a wa rde d  

w i t h  50 ’000  TZS each ,  i f  t he i r  CB S i s  p rope r l y  m a in ta ined  and  func t i on i ng  we l l .  One  yea r  

a f t e r  t he  pu rchase  o f  t he  s ys tem,  ano the r  50 ’ 000  T ZS cou ld  be  g i ven  back  to  t he  o wner  i f  

t he  p l an t  i s  work i ng  w i thou t  p r ob lems .  I f  t he  CBS needs  to  be  f i xed  on  one  o f  t hese  t h ree  

occas ions ,  t he  p r i ce  o f  50 ’000  T ZS can  be  cons ide red  as  repa i r i ng  f ee .  Hence  the  ac tua l  

cos t  o f  a  we l l  ma in ta i ned  CBS can  be  reduc ed  f rom 850 ’000  to  700 ’000  T ZS.   

T he  a im  o f  t h i s  reba te  s ys tem i s  a  h igh  pe rcen tage  o f  smoo th l y  ope ra t i ng  CB S wh ich  d i -

r ec t l y  he lps  t he  ART I  techno logy  by  evok ing  pos i t i v e  mou th - to -mou t h  p ropaganda .  

5 .2 .4  En vi ronmenta l   

A be t te r  f i t  o f  d iges te r  and  gasho lde r  w i l l  a l so  bene f i t  t he  env i ronmen t  as  i t  r educ es  the  

em iss ion  o f  g reenhous e  gas es  to  t he  a tmos p here .  I n  c ases  o f  wa t e r  sho r tage ,  t he  feed -

s tock  can  as  we l l  be  d i l u ted  w i th  e f f l uen t  ( ye t  i nh i b i t i ng  c omponen ts  l i ke  heav y  me ta l s  w i l l  

t he reby  no t  be  d i l u ted ) .   

One  adv an t ages ,  wh ic h  can  as  we l l  be  com mun ic a ted  i s  t he  sav i ng  o f  wood  and  thus  the  

reduc t i on  o f  de fo res ta t i on  (0 . 9kg  cha rc oa l  pe r  day  and  househo ld  =  5 .6kg  

wood /day /househo ld ) .  

5 .2 .5  Soc io -cu l tu ra l  and  po l i t i ca l   

Since  was t e  separa t i on  i s  no t  common  i n  m any  deve lop ing  coun t r i es ,  emphas i s  shou ld  be  

l a id  on  pa t i en t  exp lana t i on .  Moreove r ,  conc re te  examp les  shou ld  be  g i ven  to  i l l us t ra te  the  

d i f f e ren t  k i nd  o f  was t es  su i t ab le  as  feeds toc k .  I t  i s  rec ommended  to  g i v e  the  ope r a t i ona l  

i ns t ruc t i ons  no t  on l y  t o  t he  o wne r  o f  t he  b i ogas  p lan t ,  bu t  pa r t i c u l a r l y  t o  t he  pe rson  re -

spons ib l e  f o r  t he  da i l y  f eed ing .  

 

I t  shou ld  be  cons ide red  tha t  ev e r y  ne w tec hno logy  wh ic h  requ i res  a  change  i n  da i l y  hab i t s  

needs  to  conv inc e  i t s  cus tomers  i n  t he  beg inn ing ,  rega r d l ess  to  soc i e t y  and  cu l t u re .   
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5 .2 .6  Sa fe t y   

At ten t i on  s hou ld  be  pa id  to  t he  l oca t i on  o f  t he  d iges te r  and  the  gas  bu r ne r .  T he  p l an t  

shou ld  s tand  i n  d i rec t  sun l i gh t  and  as  c l os e  to  t he  gas  bu rne r  as  poss ib l e ,  wh ereas  t he  

bu rne r  i t se l f  shou ld  be  p l aced  i n  a  we l l  ven t i l a ted  room.  T he  cus tomers  shou ld  be  i n -

fo rmed  abou t  t he  dangers  o f  gas  l eakages  ( i n t ox i c a t i on ,  exp los ion )  and  adv i sed  to  check  

vu lne rab le  spo ts  regu la r l y  by  sme l l i ng .  T o  avo id  b reed ing  o f  mosqu i toes ,  i t  i s  f u r the r  ad -

v i sab le  t o  s t i r  t he  r im  su r face  w i th  a  s t i ck  on  a  week l y  bas i s .  

5 .2 .7  S imple  mon i to r ing  o f  ARTI -p lan ts  

A check  l i s t  as  sugges ted  i n  Append i x  B 4  shou ld  gu ide  the  ART I  t echn ic i ans  du r ing  the i r  

mon i to r i ng .  I n  t e rms  o f  chemic a l - phys i c a l  pa ramete rs ,  pH  (op t im um  6 .5–7 .5 )  and  d iges te r  

t empera tu r e  (op t imum  25 -35° C)  s hou ld  be  reco rded .  An  i n te rv i e w wi th  t he  ope ra to r  shou ld  

g i ve  i nd i ca t i ons  r ega rd ing  the  comprehens ion  o f  t he  s ys tem,  t he  s a t i s fac t i on  o f  t he  cus -

tomer  and  even tua l  p rob lems  tha t  have  occ u r r ed .  

 
T a b l e  2 9 :  R e c o m m e n d e d  e q u i p m e n t  f o r  m o n i t o r i n g  o f  A R T I  C B S  

E q u i p m e n t  P u r p o s e  

C h e c k - l i s t  a n d  p e n  G u i d a n c e ,  k e e p i n g  r e c o r d  o f  s e r v i c e s  

p H - L i t m u s  s t r i p e s  o r  p H  m e t e r  ( +  c a l i b r a t i o n  s t a n d a r d s )  p H  m e a s u r e m e n t  

L i g h t e r  o r  m a t c h e s  C h e c k i n g  c o m b u s t i b i l i t y  o f  b i o g a s  

S o a p  C h e c k i n g  a i r  t i g h t n e s s  ( w i t h  s o a p w a t e r )  

T o o l s  ( s c r e w d r i v e r ,  k n i f e ,  g l u e ,  s e a l  t a p e ,  h o s e  c l i p s … )  R e p a i r i n g  

C o n d e n s e  w a t e r  t r a p s  I n s t a l l a t i o n  

E m p t y  w a t e r  b o t t l e s  ( 5 - 1 0 l )  C o l l e c t i o n  o f  d i g e s t e r  l i q u i d  

D i g i t a l  C a m e r a  P i c t u r e  o f  p r o b l e m s  

C u s t o m e r s  m a n u a l  a n d  c o n t a c t  n u m b e r  T o  b e  c o n t a c t e d  i n  c a s e  o f  q u e s t i o n s  

S t i c k e r :  “ c h e c k e d  b y  A R T I  o n  ( d a t e )  b y  ( n a m e ) ”  P r o o f  o f  s e r v i c e ,  a t t a c h i n g  t o  d i g e s t e r  

 

Fo r  more  de ta i l ed  i n fo rma t ion  abou t  t he  p r ocess  s tab i l i t y  and  e f f i c i enc y  o f  t he  CBS,  t he  

A /T IC- ra t i o  (Append i x  A2 )  and  c ompos i t i on  o f  b i ogas  c ou ld  be  fu r the r  ana l yzed .  However ,  

t hese  m eas uremen ts  requ i re  e i t he r  deeper  unde rs tand ing  o f  t he  c hemic a l  backg round  o f  

anae rob i c  d iges t i on  (A /T IC)  o r  expens i v e  i ns t r umen ts  (D r äge r ) .  
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