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Forord
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framgangsfaktorer for etablering av biogasanldggningar i utvecklingslénder.
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féltstudierna vill vi tacka Cambodia National Biodigester Programme, Kenya National
Domestic Biogas Programme samt Takamoto Biogas.
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Sammanfattning

Ren och billig energi for matlagning dr en bristvara i ménga utvecklingsldnder och
ménniskor dr beroende av brinslen som skapar allvarliga milj6-, sociala- och
folkhilsoproblem. Biogas ér ett alternativ till traditionella energikéllor och i flera
utvecklingslidnder ses idag en 6kad satsning pa sméskalig biogasproduktion. Fordelarna
med biogas i utvecklingsldnder har lett till att flera projekt har startats upp for att
introducera tekniken. Etablering av biogasanldggningar har skett med olika resultat, i en
del lander har det fungerat bra och 1 andra sdmre.

Studien &r en litteraturstudie som kompletterats med tva féltstudier. Utifran ett tekniskt,
ekonomiskt och socialt perspektiv har faktorer identifierats, sammanstéllts och
analyserats, samt kopplingen mellan dessa, som &r centrala for framgéngsrik etablering
av smaskalig biogasproduktion i utvecklingslénder.

Under studiens géng har faktorer som é&r viktiga for etablering och drift av
biogasanldggningar i utvecklingslénder tagits fram. Anpassad anldggning som
konstrueras efter de resurser och forutsdttningar som finns lokalt 4r en avgorande
faktorer for framgéng. Kunskap om anldggningen och konstruktion av denna &r viktig
for att 6ka biogasproduktionen och for att undvika tekniska problem. For att né en storre
maélgrupp skall investeringskostnaden inte vara for hog samt minimeras med hjilp av
subventioner. For att ytterligare bredda malgruppen har 14n en viktig pdverkan. Andra
centrala faktorer som studien visar dr en god relation mellan organisation, murare och
hushall. Det &r d&ven avgorande att organisationerna har en tydlig marknadsforing dér
drivkrafter dr identifierade.
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Abstract

A clean and affordable energy source for cooking is deficient in developing countries.
People rely on fuels that contribute to environmental, social and health problems.
Biogas is an alternative energy source and an increased investment in small-scale biogas
production can in several developing countries be found. Several projects have started
to use the technology in developing countries because of the benefits with biogas. Some
cases in the establishment of biogas plants have succeeded and some have not.

The study is a literature review supplemented by two field studies. Factors have been
identified, collected and analyzed from three different perspectives; technical, economic
and social. These factors are central for the success of the establishment of small-scale
biogas production in developing countries.

Factors that are important for the establishment and operation of biogas plants in
developing countries have been compiled. A biogas plant should be constructed with the
local resources and its condition in mind. Knowledge regarding the biogas plant and its
construction is important to avoid technical problems. To be able to reach a large group
of households, the investment cost should not be too high and subsidies should be used
to minimize the cost. With the availability of loans more households have the
opportunity to invest in a biogas plant. The study presents two more factors that are
significant for the establishment of biogas plants. The first one is the relationship
between the organization, masons and households and the second one is the way the
marketing is performed.
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Ordlista

Slurry

Substrat
Restprodukt

TS

Glodforlust

Murare
Kontraktare

Ordet anvdnds som bendmning péd det organiska materialet da det &r
utspitt med vatten.

Det material som anvénds som ravara i rotningsprocessen.

Det material som aterstér efter rotningsprocessen och leds ut fran
rotningskammaren genom ett utlopp.

Torrsubstanshalt (TS-halt) anger andelen dterstdende foreningar i ett
material da vatteninnehéllet indunstats vid 105 °C (Biogasportalen,
2014).

Glodforlust beskriver hur stor del av materialets innehdll som ar
forbrannbart vid 550 °C. Parametern ger en uppskattning av
substratets organiska innehall och dr séledes ett métt gasutbyte vid
forbrianning (Biogasportalen, 2014).

En person som bygger och installerar biogasanldggningar.

En kontraktare kan ha en eller flera murare som arbetar at honom,
vilket kan liknas vid ett biogasforetag.
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1 Inledning

Dagens samhélle stér infor flera miljoproblem dér klimatfordndringar och utarmning av
jordens resurser ar centrala (Grondahl and Svanstrém, 2010). Klimatférdndringarna beror
bland annat pa koldioxidutsldpp vid forbranning av fossila branslen som olja, kol och
naturgas. Aven skogsskovling bidrar till 6kad koldioxidhalt d& kol som lagrats slipps ut pa
nytt (WWF, 2013). Forho6jda halter av vixthusgaser i atmosféren bidrar till den globala
uppvarmning som pdverkar bdde miljo och manniskor (Grondahl and Svanstrom, 2010).

Utover nimnda effekter bidrar skovling av skog till jorderodering vilket i sin tur leder till
okenutbredning och att odlingsmark forstors (Grondahl and Svanstrom, 2010). I ménga
utvecklingslidnder anvénds ved som energikélla vid matlagning vilket pa flera hall leder till
avskogning. Avskogning ir ett stort problem i dessa ldnder och alternativa energikéllor r ett
maste for ett hallbart levnadssatt (Nes, 2012).

Ren och billig energi for matlagning en bristvara for 2,7 miljarder ménniskor och i
utvecklingslidnder &r ménga beroende av brinslen som ved, trikol och gasol (Nes, 2012).
Forbranning av dessa branslen skapar allvarliga miljo-, sociala- och folkhélsoproblem
(Surendra et al., 2013). Biogas dr en alternativ energikilla som smaskaligt kan produceras
lokalt och anvindas for matlagning. Att ersitta tidigare nimnda energikéllor med biogas
bidrar till forbattrad folkhélsa, minskade energikostnader samt en restprodukt vilken kan
anvindas som gddsel (Nes, 2012). Da biogas dr en fornybar energikélla bidrar den inte
heller till ndgot nettoutsldpp av koldioxid (Biogasportalen, 2014).

Smaéskaliga biogasanlédggningar drivs av organiskt material som djurdynga, hushéllsavfall
och skorderester (Surendra et al., 2013). Eftersom biogasanldggningar kan forses med bade
biologiskt avfall och fekalier reduceras miangden avfall fran hushéllen (SNV, 2014). Genom
reducerad médngd avfall kan anldggningarna dven 16sa problem kopplade till sanitet, som
hoga halter av smittdmnen eller gifter i dricksvatten (Blume, 2010).

Fordelarna med biogas i utvecklingsldnder har lett till att flera projekt har startats upp for att
introducera tekniken. Etableringen av biogasanlidggningar har skett med olika resultat, i en
del lander har etableringen fungerat bra och i andra sémre. Det finns flera olika faktorer som
paverkar etableringen, som tekniska, ekonomiska och sociala (Arthur et al., 2011) (Blume,
2010). Studien syftar till att identifiera, ssmmanstilla och analysera faktorer, samt
kopplingen mellan dessa, som é&r centrala for framgéngsrik etablering av sméaskalig
biogasproduktion i utvecklingsldnder.

1.1 Avgransningar

Smaéskaliga anldggningar definieras som anldggningar pa hushéllsniva och inte pa industriell
niva. Etablering av sméskaliga biogasanlédggningar i utvecklingsldander inkluderas 1
projektet. Utvecklingslédnder definieras som linder med BNP (PPP) per capita under det
varldsgenomsnittliga 10,700 USD (IMF, 2012). Tekniska detaljer som maskindelar och
utveckling av dessa kommer inte att studeras utan anlédggningar studeras som helhet.
Samtliga valutor anges 1 USD utan att hdnsyn tas till valutans vérde i Kambodja och Kenya.



2 Metod, litteraturstudie

Studien &r en beskrivande och integrerad litteraturstudie dér publicerad forskning inom det
valda omradet har sammanstéllts och analyserats. Litteraturstudien har kompletterats med
tva faltstudier som sedan jimforts i en gemensam analys och slutsatser har sedan dragits
utifrdn analysen.

Litteraturstudien har utforts i tre steg: identifiering, sammanstillning och analysering.
Identifieringen bestar av en litteraturgenomgang som direfter sammanstills och analyseras
tillsammans med faltstudierna. For att effektivt samla in material till litteraturgenomgéngen
skapades ett tillvdgagangssitt for insamling och bearbetning av litteratur.
Tillvagagingssittet har bestatt 1 att specificera sokord samt kombinationer av dessa, utifrdn
syftet och problemformuleringen. S6kord som har anvénts &r: biogas, domestic biogas,
household digester, developing countries. Sokningen har genomforts pa ett antal relevanta
databaser, exempelvis Scopus.

Tillvagagingssitt for vald litteratur:

i. Litteratur med relevant rubrik
ii. Relevant sammanfattning eller abstract
iii. Relevant innehall

Litteratur som uppfyller ovanstaende tre punkter har granskats kéllkritiskt och sedan
inkluderats i urvalet. Urvalet har presenterats, strukturerats och motiverats utifrdn
kriterierna: publicerad vetenskaplig artikel, rapport fran organisation samt engelska eller
svenska.

Ingen gréns har satts for nir den valda litteraturen skall vara publicerad. Fokus har dock
legat pa att anvédnda aktuell litteratur och &ldre litteratur har endast anvénts som
komplement.

Litteraturen i urvalet har analyserats utifran studiens syfte och problemformulering.
Resultatet fran litteraturstudien ligger till grund for vad som har undersokts under
féltstudierna. Parametrar som ansetts var relevanta frén litteratur- samt féltstudier har sedan
analyserats i tre steg. Forst har de sammanstéllts i en tabell, for att dérefter betygsattas och
slutligen har de jamforts samt diskuterats.
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3 Teoretisk bakgrund

Biogas produceras bade sma- och storskaligt. Smaskalig produktion ar vil etablerad 1
utvecklingslidnder ddr produktion sker i mindre byar, gérdar eller enskilda hushéll. Biogasen
anvénds frdmst i gasspisar till matlagning men &dven till belysning (SNV, 2014).

3.1 Framstillning av biogas

Biogas bestar frdmst av metan och koldioxid. Gasen bildas da organiskt material bryts ner
under anaeroba forhallanden (syrefri miljo), sa kallad rotning. Under rotningsprocessen
bildar mikroorganismer, med tillgdng av kvéve och fosfor, enzym som bryter ner det
organiska materialet (Biogasportalen, 2014). Processen kan beskrivas i fyra olika steg
(Karthik Rajendran, 2013):

i.  Hydrolys
ii.  Acidogenesis
iii.  Acetogenesis
iv.  Metanisering

I hydrolysen bryter enzymer ner det organiska materialet till olika monomerer som
exempelvis aminosyror och glukos (Biogasportalen, 2014), (Blume, 2010). Under
processteget acidogenesis omvandlas monomerna till flyktiga fettsyror och alkoholer som i
sin tur omvandlas till dttiksyra, vdte och koldioxid i acetogenesissteget (Biogasportalen,
2014). Etanol tillsammans med koldioxid kan exempelvis omvandlas till dttiksyra och metan
under acetogenesissteget vilket ses i reaktion (1).

2CH;CH>0H + CO, = CH, + 2CH;COOH (1)

Under metaniseringen omvandlas éttiksyra, vite och koldioxid till metan och koldioxid
enligt reaktion (2) och (3) (Blume, 2010):

CH;COOH - CH, + CO; )
CO; + 4H, > CH, + 2H,0 3)

3.2 Biogasanliggning

Vid produktion av biogas pa smaskalig nivd bestar anldggningen av en mindre reaktor,
vilken i fortsdttningen kommer att bendmnas rotningskammare, med ledningar for in- och
utlopp samt ett ror for att avldgsna gasen. Det nedbrytbara organiska materialet bendmns
substrat och blandas med vatten i forhallandet 1:1 innan det f6rs genom inloppet (Surendra
et al., 2013). Mixen av substrat och vatten kallas slurry. Innehallet i utloppet bendmns
restprodukt vilket kan anvénds som gédningsmedel. Kammaren ér tillverkad av stal, betong
eller tegel beroende pa vilket material som finns tillgéngligt i omradet déar kammaren
installeras (Blume, 2010).
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Figur 1. Skiss over en biogasanliggning med tankformad rétningskammare.

Produktion av biogas kan ske satsvis eller kontinuerligt i en tub- eller tankrdtningskammare.
Figur 1 ovan visar en skiss av en tankrotningskammare. Om rétningskammaren ér tank- eller
tubformad har betydelse for processen (Blume, 2010). Vid anvdndning av en tank erhélls
konstant koncentration av nedbrytbart material i hela tanken och i en tub varierar
koncentrationen beroende pa var i tuben det uppehéller sig (Blume, 2010). Konsekvensen
blir att restprodukten fran tanken innehaller storre andel icke nedbrutet material jamfort med
tuben. Att materialet befinner sig i olika faser 1ings med tuben gor att det bryts i storre
utstrackning ner dn for fallet med tankformad rétningskammare (Blume, 2010). I figur 2
nedan visas en forenklad konstruktion av en tubformad rétningskammare.

//

\ Gasstrom Markyta

\

Sy T

Utlopp

Figur 2. Skiss over en biogasanliggning med tubformad rétningskammare.
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4 Litteraturstudie

Utvecklingen av alternativa energikéllor som biogas sker i ett komplext ssmmanhang dir en
kombination av faktorer som teknik, politiskt stod, ekonomi och personlig drivkraft ar
essentiella for mojligheterna att lyckas (Akinbami et al., 2001).

4.1 Tekniska faktorer

Vid smaskalig produktion av biogas i utvecklingsldnder anvénds olika typer av
rotningskammare dér de tre vanligaste typerna undersdks nidrmare i studien. Produktion av
biogas optimeras utifran flera drift- och processparametrar dér de viktigaste tas upp och
beskrivs mer detaljerat. Vidare ges en redogdrelse av vilka typer av substrat som kan
anvéindas och hur samr6tning av dessa kan resultera i en effektivare process.

4.1.1 Rotningskammare
De tre mest forekommande rétningskamrarna ér Chines fixed dome (CFD), Indian floating
drum digester (IFD) och Polyethylene tubular digester (PTD).

CFD har en enkel design utan nagra rorliga delar och byggs antingen i tegel eller sten. Slurry
tillfors genom inloppet till kammaren som bestar av ett eller flera fack. Gasen som bildas
samlas i toppen av kammaren och skapar ett tryck som medfor att slurryn pressas mot
utloppet. Nér biogasen avldgsnas minskar trycket i kammaren och bidrar till en automatisk
omrdrning genom att slurryn fors frén utloppet tillbaka in i kammaren (Surendra et al.,
2013). CFD ir den vanligaste kammaren i utvecklingsldnder men 4r mer etablerad i Asien
jamfort med Afrika. Den tidiga introduktionen samt materialkostnaden, vilken &r billigare i
Asien, har bidragit till den dkade etableringen (Ocwieja, 2010). Kammaren placeras
vanligtvis under jord for att skyddas mot skador samt for att spara plats da den har en volym
pa mellan 4 och 20 m® (Surendra et al., 2013). Rétningskammaren har en livslingd pa upp till
20 ar (Rakotojaona, 2013).

IFD har en mer komplicerad konstruktion d&n CFD pé grund av sin rorliga del men har
fortfarande en relativ enkel konstruktion. IFD kan beskrivas som en stdende cylinder
bestdende av en grundkonstruktion samt en flytande dom (Ocwieja, 2010).
Grundkonstruktionen bestér ofta av betong eller tegel och den flytande domen ér tillverkad i
stél eller jarn (Surendra et al., 2013). Slurrynivéan hélls konstant d restprodukt tappas av
motsvarande den volym som tillférs (Blume, 2010). Den bildade biogasen samlas i toppen
och trycket halls konstant genom den flytande domen som ror sig vertikalt. Det dr mojligt att
reglera trycket med hjdlp av tyngder som placeras pa domen (Blume, 2010), (Surendra et al.,
2013). Biogasen fors ut genom ett ror i toppen av systemet. IFD har en volym pa cirka 1,2
m’ och en livslingd pa mellan 5 och 15 &r (Surendra et al., 2013).

Vanligtvis saknas omrorare i CFD och IFD men bdda kan modifieras med en mekanisk
omrorare, IFD kan dven modifieras med en manuell omrorare (Surendra et al., 2013),
(Blume, 2010). Genom att modifiera kamrarna forbattras forhéllandet inuti kammaren da
ackumulationen av skum pa slurryytan minskar och samlingar av tyngre material pd botten
undviks (Surendra et al., 2013). Nir omrdrare finns kan olika typer av substrat anvindas.
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For att viaxtbaserat material skall kunna anvindas som substrat, kridvs det att omrorare finns
eftersom materialet annars samlas pa botten av kammaren (Blume, 2010).

PTD har en tubformad design med ett 5:1 forhdllande mellan langd och bredd (Surendra et
al., 2013). Systemet bestar av en ldng tub vanligtvis av polyeten (Ocwieja, 2010) och
rorledningar for in- och utlopp som ér tillverkade i PVC (Marti-Herrero, 2011). Biogasen
samlas i det 6vre skiktet av tuben och fors ut genom ett anslutande ror (Surendra et al.,
2013). Tuben &r vanligtvis placerad i ett dike eller i en damm dé det skapar béttre
forutsattningar for strukturell stabilitet (Blume, 2010). Den genomsnittliga volymen pa
modellen ligger pa mellan 2,4 och 7,5 m® (Surendra et al., 2013) och har en beréiknad
livsldngd pa tre ar (Ocwieja, 2010).

Rotningskamrar kan kopplas samman med latriner for att kunna anvédnda méanskliga fekalier
som substrat. Anviandningen forbéttrar de sanitéra forhallandena da ménskliga fekalier
innehaller smittférande mikroorganismer, patogener, vilka kan orsaka sjukdomar (Héllqvist,
2010). I nuldget finns det enligt Josefsson (2009) inga specifika riktlinjer om vilken
utrustning och design som bor anvindas vid byggande och sammankoppling av latriner.
Konstruktionen bor anpassas efter de lokala forutséttningarna som exempelvis tillgang pa
konstruktionsmaterial och anvéndarnas ekonomiska forhallanden (Josefsson, 2009).

4.1.1.1 For- och nackdelar med olika rotningskammare

Rotningskamrarna som tidigare ndmnts skiljer sig at med avseende pé design, material och
konstruktion. Det gér att peka pa bade for- och nackdelar med olika konstruktioner vilka bor
tas 1 beaktning vid val av rotningskammare.

En fordel med CFD ér att den inte har ndgon rorlig del, flytande dom, vilket minskar
materialkostnaden da kostnaden for trumman ar hog (Ocwieja, 2010). Den dr dven byggd
under mark vilket skyddar systemet mot gasreducering vilket kan férekomma vid
ackumulation av skum pa slurryytan (Surendra et al., 2013). Faktorer som péverkar
produktionen av biogas &r att trycket inte &r konstant i rétningskammaren vilket kan leda till
gasliackage vilket dr komplicerat att laga (Ocwieja, 2010). Fradmsta nackdelen med CFD é&r
att endast djurdynga kan anvéndas som substrat d omrorare saknas (Blume, 2010).

IFD har rorliga delar och en mer komplicerad konstruktion vilket bidrar till en hogre
kostnad. Driften av detta system dr lattare &n CFD och mindre kunskap krévs for att driva
anldggningen da den 4r mer sjdlvgaende (Ocwieja, 2010). Ytterligare en fordel med IFD dr
att trycket halls konstant och risken for gasldckage ér liten (Ocwieja, 2010). En nackdel ér
att den flytande domen dr konstruerad i jarn eller stal, vilket korroderar med tiden. Rost
leder till 6kade materialkostnader samt kraver underhéll (Ocwieja, 2010), (Surendra et al.,
2013). Om kammaren modifieras med omrorare kan véixtbaserat material anvandas vilket &ar
en fordel for IFD som da kan anvénda fler sorters substrat (Blume, 2010).

PTD ér en enkel konstruktion dér trycket kan regleras genom att addera extra vikt (Ocwieja,
2010). Enligt Ocwieja (2010) ar konstruktionen ocksa billig och anvindaren kan sjilv se in 1
anldggningen vilket bidrar till en 6kad forstielse for systemet (Ocwieja, 2010). Den enkla
konstruktionen underléttar vid reparationer men nackdelen dr att den &r konstruerad i plast,
vilket dr mer 6mtéligt &n ovanstaende biogassystem som &r konstruerade i sten, betong eller
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tegel, och har en kortare livslingd (Ocwieja, 2010). En annan nackdel med PTD ér att den
saknar omrdrare och dé inte kan anvénda sig av vixtbaserat material som substrat (Blume,
2010).

4.1.2 Faktorer som paverkar processen

For att optimera processen vid smaskalig produktion av biogas finns det olika typer av drift-
och processparametrar att ta hinsyn till. De mest centrala parametrarna &r torrsubstanshalt
(TS-halt), glodforlust, temperatur, pH-virde, syretillgdng, ndringssammanséttning och C/N-
forhédllande (Surendra et al., 2013), (Blume, 2010). Da biogasproduktion &r en bakteriell
process bor de fysiska forhallandena inuti rétningskammaren hallas konstanta for att skapa
en optimal levnadsmiljo for de aktiva bakterierna (Blume, 2010).

Valet av substrat har stor betydelse for gasutbytet vid rotningsprocessen (Blume, 2010). Vid
utvérdering av substratet anvénds bland annat parametrarna TS och glodforlust. TS-halten
anger andelen dterstdende foreningar i materialet da vatteninnehéllet indunstats vid 105°C
(Biogasportalen, 2014). Vilken TS-halt som ldmpar sig bést for processen varierar men
generellt spidds material med hog TS-halt, hogre &n 15 %, for att underlétta hanteringen
(Carlsson and Uldal, 2009). Med hantering menas att materialet skall kunna transporteras
genom kammaren i pumpar och ledningar samt att det skall fungera vdl med omrorare. For
att sinka TS-halten kan enligt Carlsson and Uldal (2009) en blandning av material med 14g
TS-halt, mindre 4n 10 %, anvdndas som metod. Glodforlust anviands for att beskriva hur stor
del av ett materials innehall som ar forbréannbart vid 550 °C (Biogasportalen, 2014). En hog
glodforlust anger en hog andel organiskt material av den totala médngden TS. Som tidigare
beskrivits bildas biogas vid nedbrytning av organiskt material och en hog glodforlust
resulterar ddrmed i ett hogt gasutbyte (Biogasportalen, 2014). Férskt substrat kan producera
upp till 11 % mer biogas én torkat substrat. Nar substrat torkar forsvinner 11 % av det
organiska materialet vilket leder till minskad biogasproduktion (Day et al., 1990).

Vilken temperatur som réder i rotningskammaren dr av betydelse da det har direkt inverkan
pa bakteriell aktivitet samt uppehéllstid (Surendra et al., 2013). Generellt betyder hogre
temperatur kortare uppehéllstid (Rakotojaona, 2013). Sma4, eller inga, temperaturvariationer
ar onskvért da det skapar en trivsam levnadsmiljo for bakterier som dé inte behdver anvinda
sin energi till att anpassa sig till fordndrade forhallanden (Blume, 2010). Temperaturen i
rotningskammaren bor dérfor maximalt variera med 1 °C for att uppné hog verkningsgrad
(Surendra et al., 2013), (Blume, 2010). Vilket temperaturintervall som &r mest optimalt for
biogasproduktion rdder det delade meningar om. Blume (2010) hévdar att en temperatur
mellan 35 och 40° C &r att féredra medan Rakotojaona (2013) rekommenderar en temperatur
mellan 15 och 30° C.

Olika bakterier trivs bist i olika pH-vérden och vérdet kommer dérfor att variera beroende
pa var i nedbrytningsprocessen slurryn befinner sig. Kammare som dr konstruerade for att
pH-virdet kan variera i olika delar av tanken &r darfor positivt (Blume, 2010). Det dr dock
svért att kontrollera pH-vérdet i rotningskammaren men oftast utgdr detta inte ett problem
(Rakotojaona, 2013). For att erhélla en hog verkningsgrad skall pH-virdet pa det tillsatta
substratet ligga mellan 6 och 7,8 (Surendra et al., 2013), (Blume, 2010), (Rakotojaona,
2013).
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Eftersom rdtning dr en anaerob process dr det viktigt att rotningskammaren halls syrefri
(Blume, 2010). Om syre licker in kommer det att himma de bakterier som é&r kénsliga for
syre vilket resulterar i en ineffektiv rotningsprocess. For att undvika detta problem é&r det
viktigt att vid konstruktionen se till att kammaren ar helt lufttit (Blume, 2010).

Vid rétning konsumerar bakterierna energi i form av olika ndringsimnen. Dessa
niringsdmnen &r bland annat kol, kvive, fosfor, mikroniringsdmnen, vitaminer och
sparamnen (Carlsson and Uldal, 2009). Carlsson menar ocksé att det dr viktigt att slurryn
innehaller tillrdckligt av dessa &mnen for att tillgodose bakteriernas energibehov.
Restprodukten vid biogasproduktion anvénds ofta som gddningsmedel och det 4r da en
fordel om substratet innehaller hdga halter naringsdmnen (Carlsson and Uldal, 2009).

En annan viktig faktor for en effektiv biogasproduktion dr forhallandet mellan kol, C, och
kvéve, N. C/N-forhallandet &r optimalt mellan 20 och 30 d& nedbrytning av substratet ar
effektivast (Blume, 2010). Vid gt kvdveinnehall konsumerar bakterierna kvivet for att
fylla sitt eget proteinbehov, och kolet passerar rétningskammaren utan att ha brutits ner
vilket leder till att ingen biogas produceras (Blume, 2010). Vid hogt kvéveinnehall bildar det
overblivna kvdvet ammoniak som bidrar till ett 6kat pH-virde vilket himmar produktionen.
Det gar dock att kompensera kvdvehalten genom att tillsatta sagspan vid hogt kvéveinnehall
och ménskliga fekalier vid lagt kviveinnehdll (Blume, 2010). I tabell 1 nedan aterfinns olika
typer av ramaterial med motsvarande C/N-forhallande.

Tabell 1. Substrat med motsvarande C/N-forhallande (moldrt eller viktmdssigt)
(Blume, 2010).

Rématerial C/N-kvot
Ankdynga 8
Minsklig avforing ~ 8 (beroende pa kost)
Honsdynga 10
Getdynga 12
Grisdynga 18
Fardynga 19
Dynga frén ko eller buffel 24
Vattenhyacint 25
Elefantdynga 43
Halm frén majs 60
Halm frén ris 70
Halm frén vete 90
Sagspan over 200

4.1.3 Substrat

Varje ar produceras cirka 38 miljarder ton organiskt avfall 6ver hela virlden (Suthar, 2010).
Organiskt avfall frdn manniskor, djur och grodor kan anviandas som substrat till
rotningskammaren och omvandlas till biogas. Pa s sétt minskas avfallshanteringen
samtidigt som avfallet bidrar till biogasproduktion. Anvindning av organiskt avfall bidrar
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till ett hogt ndringsinnehall i restprodukten vilken kan anvéndas som ett miljovanligt och
effektivt gddningsmedel (Suthar, 2010). Hushéll som idag koper kemiskt konstgddsel kan
spara pengar och bidra till ett miljovénligare jordbruk om restprodukten anvinds som godsel
(Blume, 2010).

Vanligt i utvecklingslidnder &r att anvénda det substrat som finns lokalt tillgdngligt vilket
exempelvis dr djurdynga, matavfall, restprodukter fran jordbruk eller méinskliga fekalier
(Surendra et al., 2013). Djurdynga ldmpar sig bra for rotning da det har en hog fukthalt, 75
till 92 %, och hog glodforlust pad mellan 72 och 93 % av TS-halten (Surendra et al., 2013).
Virdena varierar dock beroende pa djurets art och geografiska ort. Enligt Blume (2010) &r
det bésta substratet kodynga men tillgangen kan vara begransad, vilket resulterar i att andra
substrat maste anvénds som inte ger onskad biogasproduktion eller att produktionen helt
uteblir (Blume, 2010). Aven matavfall har en hog fukthalt, hogre 4n 80 %, och en hog
glodforlust pa 95 % av TS-halten. I utvecklingsldander ar dock tillgangen pa matavfall
mycket begrinsad vilket gor att det inte hor till ett av de mest anvinda substraten (Surendra
etal., 2013).

Skorderester fran jordbruk dr ett substrat som produceras kontinuerligt och finns tillgdngligt
for biogasproduktion. Det dr dock vanligt att anvénda resterna som foda till boskap, vilket
gor tillgdngen begrinsad (Surendra et al., 2013). Sammansittningen av skorderesterna
varierar men har generellt 1ag fukthalt och hog glodforlust (Surendra et al., 2013). Beroende
pa mognadsgrad kraver skorderester ldngre uppehallstid i rotningskammaren {or fullstdndig
nedbrytning av det organiska materialet (Surendra et al., 2013), (Blume, 2010).

Minskliga fekalier kan som ndmnts tidigare anvdndas som substrat for att producera biogas.
For att erhélla en effektiv rotningsprocess kravs det att en latrin &r sammankopplad med
rotningskammaren (Surendra et al., 2013). Ménskliga fekalier har ndgot lagre C/N-
forhédllande &n optimalt men kan dnda anvindas for produktion av biogas (Josefsson, 2009).
Minskliga fekalier innehaller hoga halter av ndringsdmnen jaimfort med andra typer av
substrat. Detta &r effektivt for rotningsprocessen men resulterar dven i en néringsrik
restprodukt som med fordel kan anvindas som godselmedel (Josefsson, 2009).

Det dr mojligt att blanda olika typer av substrat for att erhdlla ett optimalt forhallande mellan
kol och kvéve. Exempelvis har kodynga ett hogre C/N-forhéllande dn optimalt men genom
att blanda detta med méanskliga fekalier som har ett ligre C/N-forhallande, fs en blandning
som vid rotning kan producera en storre méngd biogas dn om substraten hade genomgatt
processen var for sig (Josefsson, 2009).

Nér sméaskaliga biogasanlidggningar introducerades lades enligt Rahman (2008) stor vikt vid
att forenkla anvdndningen av biogasen vid matlagning och for belysning. Hansyn togs inte
till att forenkla anvindandet av restprodukten vilket gor att den ibland ldggs pa deponi.
Under de senaste dren har det genomsnittliga organiska materialet i jorden minskat och mer
kemiskt konstgddsel anvdnds (Rahman, 2008), (Suthar, 2010). En 6kad anvéndning av
restprodukten fran biogasanldggningar som gddsel skulle bidra till mindre anvéndning av
kemiskt konstgddsel och dka jordens bordighet (Rahman, 2008).
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4.2 Ekonomiska faktorer

De ekonomiska forutséttningarna for att kunna etablera och driva biogasanlédggningar i
utvecklingslidnder ser olika ut i olika lander och varierar d&ven mellan olika jordbruk
(Gwavuya et al., 2012). Gemensamt &r att manga nyetableringar grundar sig pé
bistandsfinansiering, antingen genom organisationer eller genom statliga projekt (Buysman
and Mol, 2013). Ofta ges bistand till organisationer som driver ett biogasprogram vilket
informerar om, bygger och utvecklar anldggningarna (Buysman and Mol, 2013). Bistindet
bekostar programmet och en eventuell subvention till anvdndarna. Finansiering av enskilda
anldggningar sker sedan genom mikroldn eller privata finansieringar.

4.2.1 Ekonomiska forutsittningar

Den initiala investeringen &r den storsta utgiften vid etablering av en biogasanldggning
(Surendra et al., 2014). Utgiften for utrustning, dir rétningskammaren dr den enskilt storsta
posten, dr den storsta finansiella barridren for biogasprojekt (Bond and Templeton, 2011).
Aven efter den initiala investeringen finns det ekonomiska barriiirer eftersom kostnader for
underhdll och reparationer dr svara for dgaren att finansiera (Surendra et al., 2014).

Utover kapital till den initiala investeringen, driftkostnader, reparationer och underhall krivs
det vissa materiella forutsdttningar for att kunna driva en biogasanldggning som pé sikt skall
bli 16nsam (Gwavuya et al., 2012), (Amjid et al., 2011). Den viktigaste aspekten ar
tillgdngen till substrat, dar erfordrad méangd varierar med anléggningens storlek. En
minimumniva enligt Amyjid et al. (2011) dr att jordbruket skall besta av minst tva notkreatur
med en stabil tillgang pd foda. Gwavuya et al. (2012) menar att det krdvs minst fyra
nétkreatur for att driva en biogasanliggning som 4r 4 m® stor och pa motsvarande sitt sex
nétkreatur for en anliggning pa 6 m’.

Forutsittningarna bade ekonomiskt och materiellt paverkar intresset och mdjligheterna att
investera i en biogasanlidggning (Gwavuya et al., 2012). For att 6vervinna den finansiella
barridren rekommenderar Arthur et al. (2011) att ekonomiska incitament som mikrolan eller
subventioner skall inforas i ett inledande skede. Regeringen kan &ven ge stod till lokala
energiforetag eller organisationer som i sin tur regelbundet kan ge ekonomiskt och tekniskt
stod till inhemska dgare av biogasanldggningar. Det r ett tillvigagangssatt som varit
framgangsrikt i Indien och Nepal, dér tillvixten av biogasanlidggningar har dkat nér staten
gétt in och finansierat etableringen av nya anldggningar samt gett tekniskt stod till dessa
(Surendra et al., 2014).

4.2.2 Anlaggningskostnader

Den totala utgiften for att etablera en anldggning varierar mycket mellan olika storlekar och
olika typer av anldggningar. Rotningskammaren CFD ér en relativt billig anldggning dér
utgiften varierar mellan 600 USD och 3 000 USD beroende pa storlek. For andra typer,
exempelvis IFD och PTD, kan priset variera mellan 3 000 och 4 500 USD for anldggningar
med storleken 10 m® (Arthur et al., 2011), (Amjid et al., 2011), (Gwavuya et al., 2012).

Aven om utgiften for att etablera en biogasanliggning kan variera mycket mellan olika
lander har de gemensamt att den oftast ar relativt hog 1 forhallande till 4garnas inkomst
(Bond and Templeton, 2011). Den hoga investeringskostnaden ér en barridr da fa hushall har
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ekonomiska forutséttningar (Arthur et al., 2011). Manga hushall pé landsbygden ar beroende
av jordbruket for sin forsorjning och har inte tillrackligt ekonomiskt kapital for att finansiera
den initiala investeringskostnaden (Akinbami et al., 2001). I ménga biogasprogram uppgar
investeringskostnaden for det enskilda hushallet till 500 till 550 USD och den arliga
kostnaden beréknas till 70 USD. Dock ir detta en liten del av den totala kostnaden da
bistdndsorganisationer stir for den storre delen (Akinbami et al., 2001) (Gwavuya et al.,
2012).

Mgjliga besparingar varierar beroende av typ av anlédggning och storlek. Ju storre hushéll
desto mer fordelaktigt dr det med biogas dé kostnaden for alternativa energikallor dr hogre
(Gwavuya et al., 2012). Enligt Akinbami et al. (2001) berdknas investeringen ge en arlig
besparing pa ungefar 160 USD medan Amjid et al. (2011) menar att den arliga besparingen
ar 640 USD. Den ekonomiska analysen motiverar den hoga initiala kostnaden men bidrar
anda till att gora investeringen odatkomlig for ménga avsedda anvidndare (Akinbami et al.,
2001). En annan skillnad mellan olika typer av anldggningar, kopplad till design och
investeringskostnad, dr livslangden. I manga projekt har den valda modellen av
rotningskammare haft en kortare livslangd @n berdknat (Surendra et al., 2014). Den korta
livsldngden innebdr att ménga anldggningar redan efter ett ar dr i behov av reparationer,
vilket inte dr ekonomiskt hallbart. Reparations- och underhdllskostnaderna leder till att
ménga anldggningar tas ur bruk eftersom dgaren inte har rad att byta ut de delar som gétt
sonder och far inte heller ekonomiskt stod dé staten eller organisationen endast finansierar
etableringen (Surendra et al., 2014).

Anldggningarnas livsldngd ér en viktig ekonomisk faktor dd det paverkar anléggningens
mdjlighet att bli Ionsam. Beroende pé forutséttningarna och anldaggningens storlek blir
investeringen 16nsam efter 4 till 10 ar (Gwavuya et al., 2012) vilket betyder att det kravs en
berdknad livslingd som Gverstiger detta for att projekten skall bli Ionsamma. Vissa typer av
anldggningar har kortare livsldngd vilket innebér simre mojligheter att nd lonsamhet.
Biswas and Lucas (1997) redogor {for problem med anldggningar i Bangladesh dar
lonsamheten ligger efter anldggningens berdknade livsldngd, vilket inte dr ekonomiskt
héllbart. D4 mojligheten till besparingar inte finns dr varken bistdndsorganisationer eller
hushall villiga att investera i anldggningar. For att lyckas menar Biswas and Lucas (1997) att
kostnaden for rotningskammaren behdver minska med 65 %. De skriver dven att det gar att
vénda pé det sa att om kammarens livslingd hade varit lingre hade investeringen 16nat sig.

4.2.3 Ekonomiska effekter av biogas

Ett hushalls energibehov och den nuvarande energiforsdrjningen paverkar bade
forutséttningarna och intresset for biogas (Gwavuya et al., 2012). Gwavuya et al. (2012)
menar att hushéll som idag betalar for sin energikélla har battre forutséttningar vid
omstdllning till biogas i jamforelse med hushall som samlar ved eftersom de inte anvénder
ndgot ekonomiskt kapital till sin energiférsdrjning. Samma slutsats drar aven Owekisa
(2008) for anldggningar finansierade genom mikroldn. Om ménadskostnaden for energi for
en anvéndare blir ldgre genom investering i en biogasanldggning jaimfort med att kopa kol,
ved eller ndgon annan energikélla okar efterfrdgan pa biogas.
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4.2.4 Bistind och subventioner

Med tanke pd de langsiktiga fordelarna med biogasteknik ekonomiskt, miljomassigt och
tidsbesparande, ér det bra att dverbrygga de hoga investerings- och underhéllskostnader som
finns vid inférandet av biogasteknik (Akinbami et al., 2001).

Ett flertal smaskaliga biogasprogram i utvecklingslédnder dr bistdndsfinansierade och bygger
pa antagandet att de finansiellt skall tas 6ver av lokalbefolkningen eller staten nér projektet
visar sig vara lonsamt (Buysman and Mol, 2013). Buysman and Mol (2013) menar att
lonsamheten &r tankt att skapa motivation for invanarna dér projektet etablerats och att {4
dessa att fortsitta investera i projektet. I praktiken finns dock ménga fall dér projekten
overgetts da donationerna upphort.

4.2.5 Lén

Utgiften for en biogasanlidggning kan i vissa utvecklingslidnder finansieras genom att
hushallen tar ett mikroldn (AMDI, 2012). Banker, institutioner, organisationer och privata
investerare kan alla fungera som léngivare i olika utstrackning. For att framja utvecklingen
pa energimarknaden, sérskilt pa landsbygden, kan det vara nddvéndigt att infora ekonomiska
incitament (Akinbami et al., 2001). S&dana incitament inkluderar mikrolan och subventioner
pa tekniken, bade direkt och indirekt.

For att underlétta for banker och hushall dr standardiserade lan en mgjlig vig da de ar
enklare att forstd och administrera enligt Owekisa (2008). For att skapa goda forutsittningar
for 1an ar det viktigt att bankerna anvinder sig av marknadsundersékningar och support
utifran, med kunskap om biogasanldggningar och hushéllens situation. Speciellt da
forstaelsen for biogas och konsumentens speciella behov ér liten. Vidare menar Owekisa
(2008) att for att lyckas med investeringen genom mikroldn &r det av stort intresse att utbilda
anvéindarna i hur banker och lantagande fungerar. Det dr dven viktigt att tydligt visa
skillnaden mellan 1&n och subventioner for att minska missforstand och 6ka mojligheter for
banken att fa tillbaka sina pengar.

Nepal ér ett av minga lander dér mojligheten att finansiera en biogasanldggning via
mikroldn finns (Surendra et al., 2014). Dar har éver 260 mikrolansinstitutioner hjélpt
lokalbefolkningen med den finansiella delen av etableringen vilket har lett till att Nepal idag
ar det land 1 virlden som har hogst antal sméskaliga anldggningar per capita. Exempel pa
sadana institutioner dr utvecklingsbanker, mikrofinansierade banker och kooperativ. Enligt
Surendra et al. (2014) har det fungerat vil i Nepal d& dessa institutioner har haft en néra
relation till lantagarna vilket har lett till att tiden som spenderas pé vigledning och
utbildning kring dels lanen men dven anldggningarna har kunnat reduceras. For den fattigare
delen av befolkningen i Nepal har det varit bekvdmare och sikrare att ha kontakt med
mindre enheter som kooperativ dn exempelvis en bank da det varit lattare for de att fa hjilp
samt att 4 kontakt med rétt personer nir de behovt (Surendra et al., 2014).

4.3 Sociala faktorer
Sociala faktorer innebar drivkrafter for investering i biogas, vikten av utbildning,
marknadsforing, acceptans av ny teknik samt genusperspektiv.
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4.3.1 Sociala drivkrafter

Biogasteknik ses som en drivkraft for utveckling och forbéttring av situationen 1
utvecklingslidnder. Enligt Surendra et al. (2013) har biogasanldggningar bdde hdlsomédssiga
och sociala fordelar som reducerad arbetsborda for kvinnor och flickor, besparing av tid
samt minskad forekomst av rok i hemmet, vilket leder till farre hédlsoproblem. Studier fran
olika lander visar att sociala fordelar paverkar hushallens beslut om etablering av biogas
som energikélla. Bade en undersokning av Prokaushali Sangsad (2010) frén Bangladesh och
av AMDI (2012) fran Vietnam visar att de frimsta anledningarna for etablering av
biogasanldggningar &dr gas for matlagning, minskade energikostnader, forbattrad
inomhusmilj6 samt egenproduktion av godsel. Vidare menar AMDI (2012) att de frédmsta
faktorerna for att biogas inte etableras dr brist pa kapital, for lite boskap eller for att kunskap
om fordelarna med biogastekniken saknas. Studien fran Vietnamn visar dven att biogasen
framst anvénds till matlagning medan belysning ér ett mindre anvindningsomrade.

Biogas har haft en gynnsam inverkan pa hushall utifrin flera olika aspekter. Enligt studien
av Prokaushali Sangsad (2010) ansdg 76 % av de tillfrdgade hushéllen i Bangladesh att
inomhusmiljon har forbéttrats och 80 % av hushéllen hade fatt en 6kad produktion av grodor
genom att anvinda restprodukten som gddningsmedel. Aven studien frin Vietnamn gjord av
AMDI (2012) visar pa sociala forbattringar for hushallen efter etablering av
biogasanldggningar. Samma studie visar dven att 80 % av hushéllen har fatt renare
inomhusmilj6 samt forbéttrad luftkvalité genom mindre damm, sot och rék i hemmet.
Dessutom har 88 % av hushéllen minskat sin anvddning av andra energikéllor.

4.3.2 Marknadsforing

For att hushéllen skall fa kunskap om biogas och om fordelarna med etablering av
anldggningar krévs spridning av information. Enligt Kahubire et al. (2010) fick 78 % av
hushéllen i Uganda information om energibesparande tekniker. Av de har 59,1 % fatt
informationen via organisationen NGO, 14,3 % via radio eller tv och 9,5 % fick
informationen via lokala samlingar. Studien av AMDI (2012) visar att majoriteten i
Vietnamn fick information om biogas via sldktingar, vianner eller lokala myndigheter och
anstéllda inom biogasorganisationer. Mindre én 1 % av de tillfrdgade hushallen i Vietnamn
har fatt information via massmedia. En studie fran Pakistan gjord av Amjid et al. (2011)
visar att projekt som har marknadsforts genom olika kanaler har lyckats béttre &n projekt
som inte har gjort det. Ytterligare visar studien att om samarbete mellan intressenter saknas
och det inte finns en tydlig informationssamordning forsvarar det etablering av biogas.
Amjid et al. (2011) skriver dven att en nationell policy &r nddvéndig for att 6ka framgangen
av etablering av biogasanldggningar. Detta stods av undersdkningen frdn Nigeria gjord av
Akinbami et al. (2001) som menar att ett vilorganiserat statligt ramverk och intensiva
utbildningar och kampanjer &r viktigt for biogasprojekt i landet.

4.3.3 Statligt stod

Ett statligt stod 4r en viktig aspekt for att langsiktigt kunna driva biogasanldggningar
(Buysman and Mol, 2013). Buysman and Mol (2013) menar att om organisationer etablerar
anldggningar krévs det ett statligt program for att faststilla och upprétthalla kvalitetsnormer
for rotningskammare, stodtjénster och spridning av information om biogasteknik. Ett statligt
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dgande och Overtagande av biogasprogrammen dr enligt Buysman and Mol (2013) en viktig
aspekt for att sikerstilla att projekten bestdr langsiktigt da bistdndsorganisationer forr eller
senare kommer att ldmna landet eller skifta fokus.

Flera studier visar att biogasprojekt ofta misslyckas om det inte finns ett statligt stod, bade
politiskt och under en ldngre tid 4ven ekonomiskt (Amjid et al., 2011). I Afrika har minga
biogasprojekt misslyckats pa grund av att staten varken har stottat tekniken genom sin
energipolitik eller haft en tydlig policy for fornybara energikéllor. Program har misslyckats
pa grund av minskat statligt bidrag och hoga materialkostnader (Amjid et al., 2011) (Arthur
etal., 2011). Aven utvirderingar av ett projekt fran Pakistan visar hur viktig statens inverkan
ar (Bond and Templeton, 2011). Under projektet installerades och drevs dver 4 000
anldggningar genom att staten finansierade projektet under den tid da det pagick. Efter nagot
ar slutade staten bidra med finansiellt stdd och projektet misslyckades, bland annat pa grund
av brist pa teknisk kunskap, hdga kostnader och bristande samarbete.

Nepal ér ett av de lander dér staten hjélpt till bade finansiellt och tekniskt samt fortsatt med
det. Det har lett till att Nepal idag ar ett av de utvecklingsldnder som producerar mest biogas
per capita och dér intékterna frin projektet har gatt till att genomfora ytterligare spridning av
biogasteknik i landet (Surendra et al., 2014).

For att lyckas med en héllbar biogassektor krivs det att den forr eller senare blir
sjalvforsorjande. Ménga biogasprogram &r idag beroende av extern finansiering genom
bistand eller statligt stod for att kunna drivas da investeringen och de arliga
driftskostnaderna blir for hoga for hushallen (Akinbami et al., 2001).

4.3.4 Acceptans

En barridr for etablering av biogasanldggningar i utvecklingslidnder &r enligt flera studier
acceptans for biogas framstélld fran ménskliga fekalier. Resultatet fran en underskning av
Prokaushali Sangsad (2010), visar att acceptansen for att koppla en latrin till en
biogasanldggning var 14g i Bangladesh. 93 % av de tillfrdgade hushallen foredrog att inte
koppla latrinen till anldggningen eftersom de ansdg att det dr ohygieniskt eller for att de hade
tillrickligt med kogddsel for att ticka hushéllets behov av biogas. Aven i Ghana 4r
acceptansen l1ag for att anvinda minskliga fekalier som substrat enligt Arthur et al. (2011). I
Uganda menar dock Kahubire et al. (2010) att acceptansen varierar mellan olika geografiska
omraden. I omraden utan tillrickligt med betesmarker &r acceptansen hogre.

En annan barridr i Nigeria dr enligt Akinbami et al. (2001) motstand mot fordndring och
inforande av ny teknologi. Studien visar ocksa att mdjliga orsaker till detta var oviljan att
byta vilkénd teknik mot okdnd samt tveksamhet pd grund av eventuella faror som gas kan
innebdra.

4.3.5 Utbildning

Utbildningsnivan hos hushéllen paverkar enligt Akinbami (2001) etableringen av
biogasanldggningar i Nigeria. Forfattarna visar att den 14ga andelen laskunniga i byarna
hindrar etableringen eftersom spridningen av information begriansas. AMDI (2012) menar
att utbildningsnivén for hushdll i Vietnam som édger en biogasanlidggning &r relativt hog
vilket dven en studie fran Uganda visar (Kahubire et al. (2010)). Bide rapporten fran

22



Vietnamn och fran Uganda visar att majoriteten av dgarna har hogstadieutbildning. Enligt
AMDI (2012) hade 50 % av de manliga och 57 % av de kvinnliga beslutstagarna
hogstadieutbildning. Studien visar dven att endast 3,5 % av dgare var analfabeter. Den laga
andelen analfabeter som innehar en biogasanldggning stods dven av Kahubire et al. (2010)
dér endast 8,4 % av de tillfrigade hushéllen med biogasanlidggning i Uganda var analfabeter,
jamfort med Ugandas genomsnittliga andel analfabeter som ér 32 %.

Kunskap om anldggningen &r viktigt for framgéangsrik etablering. Enligt AMDI (2012) hade
hélften av de tillfrigade hushéllen i Vietnamn inte fitt ndgon utbildning géllande drift och
underhdll av anldggningen. Yttligare hdvdar en undersdkning av Dohoo et al. (2012) genom
ett projekt i Indien att deltagarna var mer mana om att skota underhéllet av anldggningen om
de praktiskt fick vara med och se fordelarna med biogas. Studien visar dven att det dr viktigt
att demonstrera anléggningen pa plats for att overtyga befolkningen om att anvéinda den nya
tekniken. Andra anledningar till att program har misslyckats dr for att ansvariga har
otillracklig praktisk och teoretisk utbildning samt lag motivation (Amjid et al., 2011). Arthur
et al. (2011) menar att vissa program misslyckas eftersom underhéll och hantering av
anldggningarna &r bristfillig.

4.3.6 Genusperspektiv

Flera studier konstaterar att biogas har en positiv inverkan pa kvinnors situation. Enligt
AMDI (2012) sparar hushallen tid genom att anvinda biogas eftersom kvinnorna inte
behover samla ved, matlagningen gar snabbare och mindre stadning kridvs genom att
inomhusmiljon forbittrades. Tiden som sparas kan anvéndas for att 6ka levnadsstandarden
och undersdkningen visade att 70 % av de tillfrdgade anvinde tiden till att ta hand om
barnen och 30 % anvénde tiden till inkomstgenererande sysslor. En undersékning frén
Etiopien visar att hushdllen i genomsnitt 1dgger ner tolv timmar per vecka for insamling av
material for energiframstéllning och vid anvidndning av biogas kan tiden halveras (Gwavuya
et al., 2012).

Flera undersokningar visar att mannen oftast dr beslutstagaren vid inforskaffandet av en
biogasanldggning (Prokaushali Sangsad, 2010), (AMDI, 2012), (Kahubire et al., 2010).
Trots det anser majoriteten av hushéllen att bade mannen och kvinnan hade ansvar for drift
och underhéll enligt Prokaushali Sangsad (2010). Kahubire et al. (2010) menar dock att
ménnen 1 Uganda dr ensamt ansvariga for drift och underhall. Vidare menar Kahubire att
kvinnorna dndé gor hilften av det arbete som krévs for drift och underhéll men att deras
arbete fOrsvaras nir minnen inte &r hemma eftersom de inte har den kunskap som kravs.
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5 Metod, faltstudier

Syftet med féltstudierna &r att komplettera litteraturstudien genom att i praktiken studera
specifika biogasprojekt. I litteraturstudien framkom tydliga skillnader vid etablering av
biogasanldggningar i Afrika och Asien, med avseende pa geografi, kultur samt drivkrafter
bakom projekten. Dérfor har ett flertal organisationer och foretag fran bada vérldsdelarna
kontaktats. Att Kambodja och Kenya valdes berodde pa stabil kontakt samt mojlighet till
hjélp under filtstudierna.

Féltstudier har genomf6rts under tre veckor i Kambodja och i Kenya, med tva
gruppmedlemmar i varje land. I Kambodja har studien utforts genom den nationella
biogasorganisationen NBP och i Kenya genom biogasprogrammet KENDBIP samt foretaget
Takamoto Biogas.

Féltstudierna bygger pé intervjuer med hushall som anvénder sig av sméskaliga
biogasanldggningar samt ansvariga pa foretag och organisationer i respektive land. For att
identifiera brister och técka in olika typer av kompetenser har olika delar inom varje foretag
respektive organisation intervjuats. Intervjuerna har transkriberats for att minska risken att
viktig information bortfaller. Transkriberingar av samtliga intervjuer finns bifogade i bilaga
2 och 3.

5.1 Intervjuer

Féltstudierna har utforts i tva linder med olika organisationer, vilket har paverkat vilket
material och vilken information som samlats in. For att erhalla liknande forutsittningar for
samtliga intervjuer och minska risken for skillnader mellan de tva féltstudierna har
intervjuerna baserats pa forbestdmda fragor, se bilaga 1. Fragorna dr baserade pa
litteraturstudien for att kunna gora en jamforelse mellan litteraturstudien och féltstudierna.
Fragor som under filtstudierna visat sig vara relevanta har lagts till efter hand.
Intervjufragorna ér strukturerade enligt f6ljande dvergripande kategorier:

* Tekniska faktorer
Drift
Underhall
Tekniska problem
Konstruktion av en biogasanldggning
Rotningskammare
Substrat
o Faktorer som kan péverka processen
* Ekonomiska faktorer
o Ekonomiska forutséttningar
o Kostnader for anldggningen
o Lonsamhet av biogas
o Finansiering
o Statligt stod
* Sociala faktorer
o Drivkraft for att investera i en biogasanliggning
o Anvindningsomriden

O O O 0O O O
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Utbildning
Marknadsforing
Acceptans
Genusperspektiv

0O O O O

Intervjufragorna har skrivits for att vara relevanta utan att vara missvisande eller ledande.
Fragorna har i under studiens gang reviderats for att anpassas till forutsdttningarna i
respektive land. Foljdfrdgor och fragornas ordningsfoljd kan skilja sig 4t mellan intervjuerna
beroende pé vilken information som kommit fram under samtalet. I samband med att ett
hushall intervjuas har dven dess biogasanldggning observerats. Intervjuerna har genomforts
pa engelska, spelats in och dérefter transkriberats. Teori och uppligg for kvalitativ
intervjumetodik var for omfattande for att kunna inkluderas i projektet och kom dérfor inte
att granskas.

5.1.1 Kambodja

I Kambodja har en programkoordinator frin NBP och en huvudkoordinator pa provinsniva
samt hushall med och utan installerad biogasanldggning intervjuats. Intervjuerna i Kambodja
har utforts tillsammans med en doktorand fran Sheffield University, England, och en
representant frdn NBP som hjélpte till med oversittning. Totalt har 20 hushall intervjuats, 13
med en biogasanldggning och sju utan. Lampliga hushill for intervju bestimdes inte i forvig
utan bestdmdes av NBP efter tillgdnglighet. Alla hushall tillh6r samma program och dérfor
finns manga likheter varfor fragor angdende finansiering, typ av anldggning samt livsldngd
inte var relevanta. Filtstudien har genomforts i provinsen Kampong Speu, i de tva
kommunerna Kaheng och Tang Kroch.

5.1.2 Kenya

I Kenya har personer inom tre olika omraden intervjuats: representanter fran foretaget och
organisationen, murare samt hushall med biogasanldggning. Foretag och organisationer som
har intervjuats i studien & KENDBIP och Takamoto Biogas. Representanter frén dessa har
nérvarat vid samtliga intervjuer med hushall och murare. Totalt har 14 hushéll och sex
murare intervjuats. Féltstudien har genomf6rts i Nairobi, Kiambu och Nakuru.

5.2 Tolkning av resultat

Resultatet fran faltstudierna baseras pé transkriberade intervjuer fran respektive land.
Transkriberingarna frén intervjuerna i Kambodja dr inte ordagrant atergivna eftersom
engelskan inte var flytande. Det medfor en risk for feltolkningar som é&r storre én for studien
fran Kenya, vilket har tagits i beaktning vid tolkning av resultatet. I valet av hushéll har
organisationerna i bdda ldnderna bestdmt vilka som &r lampliga for intervju, vilket gor det
mdjligt for dem att vélja hushéll som ar fordelaktiga att visa upp. Representanter fran foretag
eller organisationer har varit nirvarande under intervjuerna vilket kan paverka den
intervjuades svar. Vilka som nérvarat under respektive intervju framgér i transkriberingarna
i bilaga 2 och 3. Antalet intervjuade hushall i studien &r begransat vilket paverkar underlaget
for resultatet.
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6 Faltstudie, Kambodja

Cambodia National Biodigester Programme (NBP) &r ett nationellt biogasprogram som
startades som en gemensam satsning av Ministry of Agriculture, Forestry and Fisheries
(MAFF) och Netherlands Development Organization (SNV). NBP ir dven en del av Asia
Biogas Programme (ABP) vars mél var att mellan 2005 och 2012 forse 1,3 miljoner
méinniskor i Asien med biogas. NBPO, huvudkontoret hos NBP, ansvarar for att paborja,
samordna och kontrollera arbetsuppgifter for programmet inom marknadsforing, utbildning,
forskning samt utveckling. I varje provins finns regionala kontor, PBPO, som ansvarar for
samordning pa regionalniva (NBP, 2011).

Ar 2004 beslutade SNV att etablera ett nationellt biogasprogram i Kambodja. Bakgrunden
till beslutet var att konsumtionen av ved som brénsle inte ansigs hallbar for landets skogar.
Majoriteten av hushallen i Kambodja har tva eller fler boskap vilket gor det mojligt att driva
en anldggning, samtidigt som boskapen innebér en finansiell sdkerhet. En tredje faktor for
beslutet var att 6ka levnadsstandarden i hushallen, framforallt for kvinnor, genom forbéttrad
inomhusmilj6 och minskad arbetsborda. Biogasanldggningar har etablerats i Kambodja
sedan 2006 och fram till och med november 2013 har totalt 20 198 biogasanldggningar
etablerats (NBP, 2011).

6.1 Tekniska faktorer, Kambodja

Ar 2005 valde NBP att anlita konsultfirman ILI Consulting Engineers Mekong Ltd for att
undersoka vilken modell av biogasanldggning som var bést ldmpad att anvinda. Kambodja
Fixed dome var den modell som rekommenderades eftersom den ansags vara mest passande
for det radande klimatet. Idag anvéinder NBP modellen Farmers Friend Biogasdigester
Model of Cambodia (FFB), se figur 3 nedan. FFB &r en modifierad modell av Fixed dome
som dr anpassad for att fungera optimalt i Kambodja. De storsta modifikationerna som gjorts
ar en 0kning av kapaciteten for gaslagring, for att tillgodose det dagliga behovet av gas, samt
dndring av den genomsnittliga uppehallstiden for att anpassas till klimatet. Kostnaderna for
biogasanldggningen har dven optimerats genom att dndra storleken pa inloppsroren till
anldggningen samt tjockleken pé plasten (NBP, 2011).
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Storleken pa FFB varierar mellan 4 och 15 m® och konstruktionen bestar av tva inloppsrér,
ett for djurdynga och ett inloppsror som ger hushallen méjligheten att koppla anldggningen
till en latrin. Koppling mellan anldggning och latrin rekommenderas av NBP eftersom det
forbéttrar saniteten runt hushéllet, 6kar méngden gas som kan produceras, dodar patogener i
kammaren (NBP, 2011).

Enligt Sophan', huvudkoordinator pA PBPO i provinsen Kampong Speu, anvinds samma typ
av anldggning till alla hushall i Kampong Speu eftersom det dr en populir modell, den &r
enkel att anvéinda och modellen &r prisvird for hushéllen. Utover FFB anvénds enligt
Sophan dven modellen Plastic bag i begransad omfattning. Sophan menar att Plastic bag
inte dr anvindbar for hushéllen i Kambodja eftersom livslingden endast &r ett &r, den luktar
och gasen gér inte att anvinda till biogaslampor. Anledningen till att Plastic bag luktar ar
eftersom allt substrat inte omvandlas till metan vilket sker i FFB. Det beror pa att bottnen i
Plastic bag ér platt vilket skapar simre flode &n i FFB som &r rundad. Samtliga
biogasanldggningar som installeras i Kambodja idag byggs under markytan och ticks med
jord, enligt Sophan for att anldggningen dé skyddas béttre frin solljus och mindre
konstruktionsmaterial behovs.

6.1.1 Substrat

Ett gynnsamt C/N-forhdllande f6r produktion av biogas ar 20 till 30. Kodynga eller
grisdynga dr de mest lampade substraten da tillgdngen ar hog i landet och de har ett bra C/N-
forhallande. Substrat som tillsitts skall vara neutralt eftersom bakterierna inte dverlever
annars. Material som har sura eller basiska pH-védrden som tval och andra kemikalier skall

undvikas (NBP, 2011).

Da FFB ir fardigstilld skall den forses med 1,5 ton djurdynga'. Direfter dréjer det tio dagar
innan hushéllen kan bérja anvinda gasen som produceras'. For att driva anliggningen skall
den forses med 20 till 30 kg djurdynga dagligen'. Det ér dven viktigt att trycket i kammaren
aldrig understiger 2 kPa. Djurdynga eller minskliga fekalier far endast anvdandas som
substrat i anldggningen, vilket beror pé att hushallsavfall kan leda till att anldggningen gér
sonder (NBP, 2011).

For att bakterier skall kunna omvandla organiskt material till biogas krévs det att vatten
tillsétt 1 forhallande 1:1, till 20 kg djurdynga méste 20 kg vatten tillsattas (NBP, 2011).
Sophan' menar att inget hushall i provinsen Kampong Speu har problem med att forse
anldggningen med vatten. Samtliga hushall i studien fér vatten via brunnar, dammar eller
vattendrag och inget av de tillfrdgade hushallen svarade att tillgéng till vatten ar ett problem.
Innan hushallen hade biogasanliggning anvindes djurdyngan som godsel for risodling'.
Restprodukten fran anldggningen &r enligt Sophan ett béttre gddningsmedel d4 den
innehaller mer ndringsdmnen vilket skapar en hogre kvalité dn djurdynga och plantan har
lattare att absorbera restprodukten én vid godsling med ren djurdynga.

Samtliga intervjuade hushéll har en biogasanlidggning som &r 4 eller 6 m> och majoriteten av
hushéllen dger fem eller sex kor. Tva av hushéllen édger tre kor och tva av de tillfrdgande

1 Khy Sophan, (Head of Coordinator, PBPO) intervjuad av forfattaren 25 mars 2014
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hushéllen dger dven grisar. Resultatet frén intervjuerna visar att majoriteten av hushéllen har
tillrdckligt med biogas for att ticka det dagliga behovet och hushallen anser att storleken pé
anldggningen ér 1dmplig. De tva hushéll som enligt intervjuerna inte har tillrackligt med
biogas beror i det ena fallet pd att antal djur inte var tillriackligt, hushéllet dger endast tre kor.
I det andra hushallet var anledningen att de 4r méinga 1 familjen, tio medlemmar, vilket goér
att biogasen inte alltid ricker till. I tabell 2 nedan foljer en sammanstéllning av anlédggningen
i Kambodja.

Tabell 2. Sammanstdllning av anldggning i Kambodja (NBP, 2011).

Anviindare | Tillhérande Design Modell Storlek Miingd Framstilld
organisation [m’] substrat gas [liter/kg
[kg/dag] kodynga]

Hushall NBP Fixed FFB 4 20-40 40
dome

Hushall NBP Fixed FFB 6 40-60 40
dome

6.1.2 Underhall

Livsldngden for FFB ar 20 till 25 &r och enligt Sophan' 4r problem med
biogasanldggningarna mycket ovanligt. Sophan forklarar dven att det dr ungefédr 10 av 2 000
anldggningar som gar sonder, oftast pa grund av for mycket gas inuti kammaren vilket leder
till lackage. For att underhélla anldggningen har hushallen ansvar for att dagligen forse den
med substrat, se till att den dr tdckt med jord, speciellt under regnperioden, samt rengora
utlopp'.

Tio av hushéllen har inte haft problem med anldggningen. Tva av hushdllen angav att de har
haft problem med kammaren men att de har reparerat anldggningen pé egen hand. Ett annat
hushall anvdnde inte anldggningen under ett ar eftersom de inte hade ndgra kor under den
perioden. Samma hushall beréttade dven att anldggningen sedan var tvungen att repareras for
uppstart vilket utfordes pa egen hand. En undersékning gjord av NBP visar ett endast sex av
150 hushall som tillfrdgades har haft problem med anldggningen (Mansvelt et al., 2012).

6.2 Ekonomiska faktorer, Kambodja

Kostnaden vid etablering av en biogasanldggning innefattar for hushdllen byggnadsmaterial
och arbetskraft (NBP, 2011). En 4 m’ anliggning kostar utan subvention 550 USD att bygga
och en 6 m® uppgar till 620 USD. I priset ingar en biogasspis samt en biogaslampa. Av den
totala kostnaden uppgar priset for arbetskraft till mellan 80 och 90 USD per anldggning
(NBP, 2014). Den exakta kostnaden beror pa det lokala marknadspriset eftersom
byggnadsmaterialet inhandlas lokalt. Enligt Soeleng” har marknadspriserna for material kat
under de senaste dren och kommer fortsitta att 6ka.

Drift och underhallskostnader for en anldggning bestdr av 16ner och materialkostnader,
insamling och transport av substrat, vattentillforsel, tillforsel av substrat till anldggningen

2 Lam Soeleng, (Programme Coordinator, NBP) intervjuad av forfattaren 28 mars 2014
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samt underhéll och reparation vid problem. Driftkostnaderna &r forsumbara sd lange substrat
inte behover kdopas in (NBP, 2011).

Enligt en rapport fran NBP har antalet hushall med biogasanldggning som anvénder sig av
en annan energikélla utdver biogas for matlagning sjunkit frdn 51 % till 18 % (NBP, 2011).
Hushall som tidigare anvénde ved sparar idag i genomsnitt 11,49 USD per manad. Totalt
kan biogasanvindare spara 14,55 USD pa brénsle och kemiska godningsmedel. Fortfarande
ar det dock 86 % som anvénder andra energikillor &n biogas for belysning (Mansvelt et al.,
2012).

6.2.1 Finansiering av anliggning

For att finansiera en biogasanldggning erbjuder NBP, genom olika finansinstitutioner,
mikrolan till hushallen. Enligt Sophan' finansieras idag hilften av anliggningarna kontant
och hilften via 1&n. Genom samarbete med tva mikrofinansinstitutioner kan hushallen ta l&n
for investering av en biogasanlédggning med rénta pa 1.2 % (NBP, 2011).

En del hushall har enligt Soeleng” problem med att i 1an eftersom det krivs en sikerhet av
hushéllen for att finansinstitutionerna skall bevilja 1an. Hushéllens sdkerhet ar ett
dgandebevis pa att de dger sin mark. Manga hushall har inte de dgandebevis som krivs och
det kostar pengar att fa dem utfardade. Ett annat problem for hushéllen &r att deras
dgandebevis inte kan delas mellan olika foretag vilket gor det svért for dem att fa 14n om de
redan dr beldnade. Soeleng menar dock att det hér &r ett problem som pa sikt skall 16sas
genom béttre administration mellan olika finansinstitutioner och banker.

Ett annat problem dr att alla hushall inte forstir forutsdttningarna i kontrakt och fakturering
(Mansvelt et al., 2012). 23 % av de tillfrigade hushéllen hade inte forstatt innebdrden och 9
% var forvinade dver kostnader och avgifter kopplade till 1anet.

6.2.2 Subvention

For varje anliggning som byggs subventionerar NBP med 150 USD. Nér anldggningen &r
fardigstalld visar hushallen upp ett intyg pa att de har en biogasanldggning och far da
tillbaka 150 USD, vilket gor att hushéllen i slutinden betalar 400 USD for en 4 m’
anldggning istéllet for 550 USD (NBP, 2011). Subventionen anvénds framst for att
kvalitetssékra produkten, minska hushéllens utgift samt som marknadsforing for att locka
nya hushéll att investera i en biogasanlidggning (NBP, 2011). Enligt Soeleng” har NBP de
senaste aren fatt mindre bistdnd fran SNV pa grund av den ekonomiska krisen 2008 och
dven pd grund av minskade utslédppsritter. Soeleng menar att NBP darfor kommer vara
tvungna att sinka subventionerna till 100 USD.

6.2.3 Garanti

NBP ger hushallen en garantitid pa ett ar for tillbehdr och tva ar for grundkonstruktionen.
Under garantitiden stdr NBP for alla kostnader vid eventuella problem. Efter att garantitiden
gétt ut far hushéllen sjdlva betala for kostnaderna (NBP, 2011). En medelkostnad {or
reparation ar enligt Sophan' 13 till 15 USD.
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6.3 Sociala faktorer i Kambodja

Sociala faktorer fungerar som drivkrafter for etablering av biogasanlédggningar. Nedan foljer
en sammanstéllning dver sociala faktorer som energisituation, anvindningsomraden,
utbildning och marknadsforing i Kambodja.

6.3.1 Energikillor

Kambodja har fi exploaterbara energikillor i landet forutom biomassa. Skog stéar for 80 %
av landets totala energianvéndning. Fossila brinslen som olja och diesel importeras for att
anvindas for transporter och elproduktion och exploatering av naturgas ute till havs
forvintas inte paborjas inom de fem ndrmaste aren (NBP, 2011). Hushéllen i Kambodja star
for 84,4 % av anvindningen av biomassa, framst for matlagning. Ved och kol star idag for
96,3 % av energikillorna som anvinds vid matlagning, frimsta anledningen &r det 14ga
priset (NBP, 2011). Den stora anvindningen av kol och ved har gjort att skogarna i
Kambodja minskar kraftigt. Férutom skogsskdvling ér de frimsta konsekvenserna av
vedeldning, obalans i ekosystemet, 6kade kostnader for energikéllor, 6kad arbetsborda for
insamling av ved samt hilsoproblem pa grund av dalig luftkvalité (NBP, 2011). I figur 4
nedan visas en bild ver ett kok med vedeldning.

Figur 4. Kok for matlagning i hushall utan biogasanliggning, Kampong Speu, Kambodja.

Etableringen av biogasanldggningar for hushéll i Kambodja bidrar pa en global niva till
minskad péverkan pa klimatet och den globala uppvirmningen. Pa nationell niva resulterar
etablering av biogasanldggningar till minskning av skogsskdvling, jordbruksproduktionen
okar, nya arbetstillfallen skapas och importen av fossila brénslen och gédningsmedel kan
minskas. For hushallen i Kambodja innebir installation av biogas minskad arbetsbelastning,
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en restprodukt som kan anvéndas som gddsel och en 6kad produktion av grodor (NBP,
2011).

Kambodja har god potential for etablering av biogasanldggningar eftersom landet har varmt
klimat, god tillgéng till konstruktionsmaterial och hog tillgang till substrat fran djurdynga
hos hushallen. Teknisk kunskap finns och tillgangen pé vatten finns via brunnar eller lokala
dammar (NBP, 2011).

6.3.2 Anvindningsomriden for biogas

I Kambodja anvinds biogasen frimst for matlagning men i viss mén dven for belysning med
biogaslampor. For tillagning av mat under en timme med en biogasspis krdvs 350 till 400
liter biogas vilket kraver ungefér 10 kg kodynga (NBP, 2011). Restprodukten fran
biogasanldggningen fungerar bra som godsel och har manga fordelar for jordbruket.
Restprodukten &r luktfri och drar inte till sig insekter eller termiter och den minskar
tillvixten av ogrds. Den har dven béttre effekt som godningsmedel vid jamforelse med
djurdynga eller kemiska gddningsmedel. Andra fordelar med restprodukten &r att den dkar
nédringsdmnena i jorden och den &r fri frdn patogener. Anviandning av restprodukten fran
biogasanldggningar leder till 6kad produktion av grédor (NBP, 2011).

Figur 5. Installerad biogasspis, Kampoung Speu, Kambodja.

Samtliga av de tillfrdgade hushallen i studien anvdnder biogasen for matlagning, se figur 5
for bild av biogasspis. Innan hushallen dgde en anldggning anvéndes istillet ved. Fyra av
hushéllen med biogasanldggning anvinder dven biogas for belysning med biogaslampor och
resterande hushall anvéinder elektricitet eller batteri for belysning. Ett av hushéllen angav att
de haft problem med lampan som dr dmtalig och litt gar sonder. Tva hushall svarade att de
tidigare anvint biogaslampa men lampan hade gatt sonder. Undersdkning gjord av NBP
visar att det storsta klagomalet fran hushéllen var att biogaslampor inte fungerade och att
underhall av lampan anses vara krangligt (Mansvelt et al., 2012).
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Resultatet visar att tre av sex tillfragade hushall anser att elektricitet ar mer betydelsefullt dn
biogas eftersom den dr mer anvéndbar. Tva hushall anser att elektricitet och biogas ar lika
viktigt och ett av hushallen anser att biogas var viktigare da biogas inte ger nagon kostnad
varje manad jaimfort med elektricitet. Studien visar dven att de finns ett stort intresse for att
fa tillgdng till elektricitet eftersom det 6kar hushallens levnadsstandard.

Studien visar att samtliga hushéll anvinder restprodukten som godningsmedel. Innan
hushallen hade tillgéng till restprodukten anvéndes kodynga som gddsel pa ékrarna. Ett av
de tillfrdgande hushéllen svarade att restprodukten har dubblerat hushallets produktion av
grodor och ett annat hushall anser att kvalitén &r betydligt hdgre pé restprodukten én ren
kodynga som de tidigare anvént.

6.3.3 Marknadsforing

NBP arbetar i tolv provinser i Kambodja med etablering av biogasanlidggningar dér
maélgruppen dr hushdll med en daglig tillgdng av 20 kg djurdynga, vilket kréver minst tvd
kor eller fyra grisar. PBPO arbetar med att finna nya potentiella biogasanvindare i
provinserna. PBPO soker byar med minst tio hushall som har potential for att driva en
anldggning och dir det finns entusiasm for biogastekniken (NBP, 2011).

Enligt Sophan' arbetar PBPO bara med hushall som har minst tre kor. Vidare forklarar han
att NBP anordnar mindre moéten for ledare i byarna for att marknadsfora programmet. En
studie gjord av NBP visar att hélften av hushall i unders6kningen hade fétt information om
biogasanldggningar via PBPO (Mansvelt et al., 2012).

Enligt NBP marknadsfors programmet genom att upplysa hushall om fordelarna med
tekniken och oka intresset for biogas genom demonstrationer av anldggningar, spridning av
information via posters, broschyrer samt via media som TV och radio. De anordnar dven
workshops 1 byarna. NBP arbetar utifran flera sétt att 6ka motivationen speciellt i omraden i
Kambodja diar kommunikationsmdjligheter inte &r lika utvecklade. For att 6ka intresset
anvinds demonstrationer samt samarbete med ledare och olika grupper i byarna. For att
sprida tekniken samarbetar PBPO @ven med myndigheterna inom olika omrédden som
jordbruk, hilsa och utbildning (NBP, 2011).

6.3.4 Utbildning

NBP arbetar med teknisk utbildning och utveckling. NBP forser murare och PBPO med
teknisk utbildning och workshops ordnas pa bade nationell- och provinsnivé (NBP, 2011).
Efter installation av biogasanlidggning far hushallen utbildning av PBPO i hur anldggningen
skall underhéllas samt hur man anvinder biogaslampa och biogasspis'. Hushallen bekréftar
att de fatt tillrdcklig utbildning via NBP i skotsel och underhall av anldggningen for att
effektivt och enkelt kunna driva anldggningen. Enligt studien av NBP hade 70 % av de
tillfrigade fatt en utbildning i underhdll och 61 % hade fatt utbildning i anvindningen av
restprodukt som godningsmedel (Mansvelt et al., 2012).

6.3.5 Sociala drivkrafter
Vem som dr ansvarig for beslutet att installera en anldggning varierar mellan hushéllen.
Oftast dr det ett gemensamt beslut men ibland star mannen eller kvinnan som ensam
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beslutstagare. Hushallen svarade i studien att férdelarna med en biogasanlédggning dr hog
kvalité pa restprodukten, besparing av tid samt renare och snabbare matlagning. Dessa
faktorer dr dven viktiga for beslutet att installera en anldggning. Vedinsamlingen anses som
ett problem da det tar lang tid samtidigt som skogsomréddena minskar och det var en viktig
faktor for beslutet att investera i biogas. Majoriteten av hushéllen anser att anvéindning av
biogas leder till tidsbesparing men restprodukten anses efter installation som den framsta
fordelen. Information om biogastekniken och fordelarna har hushallen fatt via andra hushall
eller PBPO genom exempelvis traningskurser eller marknadsforare i byarna.

Resultatet fran intervjuerna med hushéll som inte har biogasanlédggning visar att av de fyra
hushall som é&r intresserade dr investeringskostnaden den faktor som har gjort att de inte har
ndgon mojlighet till investering. Av de hushéll som inte var intresserade av
biogasanldggning saknas kunskap om fordelarna eller s ar de kritiska mot att byta
energikélla frdn nadgot man 4r van vid. Majoriteten av de tillfragade hushallen utan
anldggning har kdnnedom om problemet med minskade skogsomraden i Kambodja och
ndgra anser att de i framtiden kommer att bli tvungna att byta energikilla.
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7 Filtstudie, Kenya

I Kenya har intervjuer med representanter frin KENDBIP, REFCEL och Takamoto Biogas
genomforts for att hitta faktorer som bidrar till framgéing for etablering av
biogasanldggningar i landet.

KENDBIP

Kenya National Domestic Biogas Programme (KENDBIP) startades av den Holldndska
staten 1 september 2009 och ir en del av Kenya National Farmers Federation (KENAFF), se
figur 6 nedan. Genom samarbete med African Biogas Partnership Programme (ABPP) och
ekonomiskt stod frdn SNV och HIVOS etablerar KENDBIP smaskalig biogas i Kenya.

;z- |

Takamoto KENDBIP
Biogas

REFCEL

Figur 6. Organisationsstruktur for KENDBIP.

KENDBIP:s syfte dr att utveckla en biogassektor i Kenya. Mellan september 2009 och
december 2013 har ndrmare 11 600 smaskaliga biogasanldggningar installerats 1 Kenya
genom KENDBIP. Programmet har under den perioden endast marknadsfort en
biogasanldggningsmodell men sedan borjan av 2014 viljer hushéllen sjdlva vilken typ av
anldggning de vill investera i. De som konstruerar anldggningar & KENDBIP:s hushall
kallas for murare. En murare som driver ett foretag, ddr andra murare konstruerar
anldggningar, kallas for kontraktare.

REFCEL

Renewable Energy for Forest Conservation and Enhanced Livelihoods (REFCEL) ér ett
projekt inom KENDBIP for att bevara skogarna genom att installera biogasanldggningar dér
hushall skovlar skog for att kunna laga mat och viarma upp huset. Speciellt for detta projekt
ar att hushéllen blir subventionerade av KENDBIP med 85 % vid investering i en
biogasanldggning.



Takamoto Biogas

Takamoto Biogas grundades 2011 av amerikanen Kyle Schutter. Foretagets affarsidé &r att
kopa in biogasanldggningar och installera dessa hos hushéllen som sedan fir kopa gasen
som rotningskamrarna producerar. Utdver att betala for gasen star hushéllen dven for 10 %
av installationskostnaden. Foretagets vision dr att installera biogasanldggningar till hushall
med sdmre ekonomiska forutsdttningar {for att géra biogas tillgidngligt for alla. Fram tills
idag har foretaget installerat 107 biogasanldggningar, frimst i Kiambu, ett omrédde norddst
om Nairobi.

7.1 Tekniska faktorer, Kenya

Enligt KENDBIP (2014) ér en viktig framgangsfaktor vilken standard rotningskammaren
har. Enligt rapporten uppstér problem vid avsaknad av kvalitetskontroller, vid bristande
kvalité pa de ingdende delarna i anldggningarna eller vid underskott av lampliga

byggnadsmaterial. Enligt Nyamu® har det varit viktigt for KENDBIP att fokusera pa kvalitén

eftersom informationen om biogasanldggningar frimst sprids mellan hushéllen och det dr da

viktigt att dessa dr ndjda med sin investering. I tabell 3 nedan presenteras de intervjuade
hushéllen och vilken biogasanldggning de anvénder.

Tabell 3. Data for intervjuade hushdll i Kenya.

Tillhorande . .
. L. . ,.| Anvindings- Antal . Framstilld
Anvindare: organisation Design: Modell: |Storlek [m?]: R Mingd substrat:
.. period: kor [st]: gas [h/dag]:
eller foretag:
Charles K. Ngémo KENDBIP Fixed dome Kenbim 12 1ar S 3 hinkar dynga var 3:e dag Sl 12
Peter Wangendo KENDBIP Fixed dome  [Kenbim 12 2ar 2 6 hinkar dynga varannan dag 8 till 12
David Wawsri Kahenya |KENDBIP Fixed dome Kenbim 10 1ar 2 6 hinkar dynga/dag 1
Brenda Nabtutu Wekesa [KENDBIP Fixed dome Kenbim S 4 manader 2 4 hinkar dynga’dag 9
Felister Mumbi Kimunja |KENDBIP Fixed dome Kenbim S 4l 5 ar 5 3 hinkar dynga/dag 9
David Too KENDBIP Fixed dome Kenbim 12 1ar S 3 hinkar dynga/2 ggriveckan 10
Mary Wanja KENDBIP SimGas GesiShamba 6 2ar 5 2 hinkar dynga/dag 6
Grace Gathungu KENDBIP SimGas GesiShamba S 1ar S 4 hinkar dynga’dag 0.5
Peter Githuka REFCEL Fixed dome Kenbim S 2ar 6 3 hinkar dynga var 3:e dag Still 6
Moses Ngugi Gichuhi  |REFCEL Fixed dome  [Kenbim 8 2 manader 2 1 hink dynga varannan dag Still7
Simon Gitura Mwangi REFCEL Fixed dome Kenbim S 154ar 2 2 hinkar dynga/dag 6
Francis Mburu Kamitha [Takamoto Biogas SimGas Floating Drum 3.3 7 manader 15 1 hink dynga’dag 0,33
José Kamitha Takamoto Biozas SimGas Floating Drum 3.5 7 manader 15 1 hink dynga/dag 0.33
Jane Nungan Nzonga Takamoto Biogas SimGas Floating Drum 3. 15 manader 2 2 hinkar dynga’dag 4

1 hink = 20 liter

3 George Nyamu (Programme Coordinator, KENAFF) intervjuad av forfattaren den 27 mars 2014.
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KENDBIP har en egen modell av rétningskammaren Fixed dome som kallas Kenbim, se
figur 7 nedan. Det finns tva varianter av denna modell: en som &r murad i sten och tegel
samt en annan som 4r tillverkad i plast'. Den murade rétningskammaren konstrueras pa plats
medan den i plast tillverkas industriellt. R6tningskammaren tillverkad i plast placeras
ovanfor markytan medan den som ér tillverkad i sten kan placeras antingen ovan eller under
marknivd, men vanligast &r under marknivén. En fordel med den murade designen ér att den
byggs med material som finns tillgangligt lokalt’. Livslingden for Kembim tillverkad i plast
ar 20 ar enligt Mindri* och for den murade designen ér livslingden mellan 20 och 30 ar
enligt Gichuhi®. D4 ingen anliggning funnits i programmet i mer 4n fem r har livslingderna
inte faststillts.

- i x Mgt

Figur 7. Installerad Kenbimanldggning, Nairobi, Kenya.
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Foretaget Takamoto Biogas har frimst installerat biogasanldggningar av modellen Floating
drum. Benton’ forklarar att modellen ir enkel och télig eftersom den bestar av fa delar.
Floating drum uppges ha en livstid mellan 10 och 20 &r men Benton beréttar att ungefar

50 % av denna rotningskammarmodell har gétt sonder inom sex ménader efter installation.

En annan modell som hushéllen kan vélja dr en cylindrisk rétningskammare, GesiShamba,
som 4r tillverkad i plast®. Modellen finns i olika storlekar mellan 3 till 14 m?, installationen
tar 14 dagar och anliggningen konstrueras under markniva. Gekara® forklarar att
GesiShamba ér fordelaktig da den ar prefabricerad, bestdr av dtervunnen plast, har en 1ag

4 Philip Minrdi (Biogas Engineer, KENDBIP) intervjuad av forfattaren den 26 mars 2014.

5 Duncan Muchiri (Mason, contractor, Biogas Contractor) intervjuad av forfattaren den 4 april 2014.

6 Daniel Gichuhi (Administration Coordinator, REFCEL) intervjuad av forfattaren den 4 april 2014.

7 Graham Benton (Director of Market Development, Takamoto Biogas) intervjuad av forfattaren den 1
april 2014.

¥ Moses Ogeto Gekara (General Manager, SimGas) intervjuad av forfattaren den 7 april 2014.
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investeringskostnad samt att den &r flyttbar. R6tningskammaren &r dven anpassad for solljus
och véxtsubstrat.

7.1.1 Identifierade problem med anlaggningar

Hilften av de tillfragade hushallen har inte upplevt ndgra problem med sina anlaggningar.
En tredjedel uppgav att de har eller har haft problem med méngden substrat de skall forse
rotningskammaren med vilket har lett till att de inte har fatt forvintad méngd gas. Enligt
hushallen beror detta pa att anldggningen forses for ofta, med for mycket substrat eller att
substratet blandats med for mycket eller for lite vatten.

Rordragningen ér enligt KENDBIP det vanligaste tekniska problemet med den murade
designen Fixed dome (KENDBIP, 2014). Om rordragningen brister mellan anldggningen
och hushallet uppstér lickage och hushéllet far mindre eller ingen gas alls®. Ytterligare
problem som har identifierats &r att roren blockeras eller brister, att rordragningen ér
felkonstruerad eller att ingen regnbalk installerats®. Benton’ pastar att spisarna ofta gar
sonder eftersom anvéndarna inte &r tillrdckligt varsamma och ungefar 20 % av deras
anvindare har upplevt detta problem. Benton’ forklarar dven att gasen kan bli fuktig i roren,
vilket gor att kondens bildas och gasen kommer att pulsera fram i omgéangar for att tillslut
inte komma fram alls. En av Takamoto Biogas hushall informerar om att métaren som maéter
gasen inte fungerar ordentligt utan ofta stings av automatiskt vilket leder till att rdkningen
for gasen inte dr korrekt.

Ett problem som uppstod med en modell som tidigare anvindes var enligt Gekara® att
plasten sprack nér denna utsattes for solljus, och i en annan modell blandades plasten med
stal vilket ledde till hog sprodhet. Rotningskammare med ingdende metalldelar kan borja
rosta vilket kriver underhall som ir arbetskrivande och kostsamt’.

Det finns tre viktiga faktorer att ha i atanke dd en biogasanldggning konstrueras enligt
Muchiri’. Den forsta dr vilket substrat som skall anvéndas i anliggningen och hur manga
djur hushallet dger. Den andra faktorn &r vilka material som anvénds for att bygga
biogasanldggningen och den tredje faktorn ar yrkesskickligheten och rddgivningen fran den
tekniskt kunniga personalen.

Innan en biogasanléggning installeras &r det viktigt att utvirdera marken genom att jordarten
identifieras, grundvattennivan samt platsens hjd ver havet faststills’. Det ér besvirligt att
konstruera biogasanldggningar i omrdden med jordarten Black Cotton som expanderar nir
det regnar och krymper nir det ir torrt’.

7.1.2 Substrat

For att f& investera i en biogasanliggning via KENDBIP eller Takamoto Biogas krévs minst
tva notkreatur®’. Samtliga hushall som intervjuats anvinder kodynga som substrat till
biogasanldggningen. Dock har det visat sig att gris- och kycklingdynga ér ett béttre substrat
an kodynga eftersom dessa producerar mer gas per kilogram substrat”'’. Dessa substrat r
dock inte lika forekommande som kodynga eftersom det inte finns lika manga hushall med

? John Thuku Macharia (Mason and contractor, Jotmac Contractors) intervjuad av forfattaren den 7 april 2014.
' Roda Kilonzi (Promotion and Training, KENDBIP) intervjuad av forfattaren den 26 mars 2014.
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gris- eller kycklingproduktion jaimfort med antal anvindare som har kor. I Kenya finns det
dven en stor tillgdng pa fardynga, den &r dock inte ldmplig att anvdnda so substrat vid
biogasframstillning da den kriver en lang och arbetsam behandlingsprocess innan den kan
anvindas i rotningskammaren'’. Aven vixter kriver en komplicerad behandling for att
kunna anvindas som substrat enligt Mindri*. Dessutom ir inloppsroret till Kenbim for smalt

for att véixtdelar skall kunna glida ned i roret och anvédnds dérfor inte som substrat for denna
modell*.

7.1.3 Drift

Innan substratet hamnar i rotningskammaren hélls kodyngan i en behallare dédr den blandas
med vatten i forhallande 1:1%. Forhallandet ér en riktlinje for att konsistensen pa substratet
varierar och det viktigaste #r att konsistensen pa slurryn ir korrekt®, se figur 8 nedan. Om
detta gors felaktigt kan problem uppstd med att anldggningen producerar mindre eller ingen
gas alls. Om substratet inte fylls pd medan det &r férskt hinner det torka och den gas som da
produceras #r otillricklig for hushallet’. Enligt bdde KENDBIP och Takamoto Biogas ér den
viktigaste delen av driften att kontinuerligt fylla pd anldggningen med substrat, samt att det
gors i ritt mangd”'"" Exempelvis kan anvindaren fylla pa anldggningen varje dag med 40 kg
dynga, varannan dag med 80 kg dynga eller var tredje dag med 120 kg dynga’. Ingen av de
intervjuade anvéndarna upplevde att tillgdngen pa vatten var for lag for att kunna forsorja
rotningskammaren.

Figur 8. Slurry i inloppet till en biogasanliggning. Nairobi, Kenya.

" George Wakesho (Monitor and Evaluation Manager, KENDBIP) intervjuad av forfattaren den 26 mars 2014.
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7.1.4 Underhall

Det &r viktigt att kontinuerligt rengéra inloppet pa Fixed dome for att hindra att rester av
slurry torkar och bildar klumpar®. Om torkat substrat kommer in i kammaren bildas mindre
gas och pa sikt méste rotningskammaren tdmmas och rengoras, vilket dr en omfattande
process. Inloppet skall rengoras dagligen efter pafyllning for att underlétta det totala arbetet
med anldggningen'”. Det ir dven viktigt att ta bort restprodukten di denna annars orsakar
blockering vilket stoppar flodet i anldggningen®.

Inom KENDBIP skall ett hushéll som fir problem med sin anldggning kontakta muraren
som installerat anliggningen''. Nar muraren Kimenyi'®, som installerar anldggningar at
KENDBIP, blir dterkallad till en anldggning inspekterar han forst hur anldggningen forses
med substrat, ifall hushallet har forsett denna med f6r mycket eller for lite slurry, samt hur
konsistensen av slurryn ser ut. Dérefter kontrollerar han om ndgra kemikalier, vilka paverkar
bakterierna i kammaren, anvénds eller om det ldckage finns. Uppticks inget fel toms
rotningskammaren for att kunna undersokas ordentligt efter ldckage eller dalig ytbehandling.

Takamoto Biogas reparationer innefattar framst tekniken for att méta gasforbrukningen da
den 4r ny och outvecklad’. Féretaget har regelbundna kontroller av sina anliggningar for att
uppticka problem med exempelvis ldckage, proppar i roren, fel pa spisen eller ldgan samt
gasméitaren7.

7.1.5 Geografiska forutsiattningar

Benton’ forklarar att Takamoto Biogas valde Kenya eftersom landet har bittre infrastruktur
och elektriska nit jaimfort med andra ldnder 1 Afrika. Han beréttar dven att omradet Kiambu
valdes med anledning av den stora miangden hushall med kor, men &ven for att majoriteten
av hushallen i detta omrade inte har rad att investera i en biogasanldggning sjilva och dérfor
passar Takamotos Biogas affarsidé att sélja gasen.

Det #r viktigt att temperaturen inuti rtningskammaren &r konstant®. Regnperioden paverkar
de biogasanlidggningar vars rotningskammare dr placerade éver marken dd regnet som kyler
ner paverkar temperaturen inuti kammaren. Processen for gasbildning gér d4 lingsammare'”.
Den variant av Fixed dome som &r placerad under markniva péverkas inte av regnperioden
men kan paverkas om utomhustemperaturen sjunker’. P4 samma sitt paverkas Floating
drum av regnperioderna nir utomhustemperaturen sjunker, vilket leder till att
verkningsgraden minskar''. Samtliga av de tillfrigade anviindarna forklarade att
regnperioden inte paverkade rétningskammarna eller framstéllningen av biogas. I omradet
Kiambu investerar dock hushéllen inte i de mindre anldggningarna da de pé grund av det
svala klimatet skulle producera for lite gas®.

"2 Robert Kiamu (Public Relations, KENAFF) deltog i en intervju av forfattaren den 28 mars 2014.

13 Stephen Macharia Kimenyi (Mason and contractor, Makimenyi Green Energy) intervjuad av forfattaren den
7 april 2014.
' Charles K. Ngéno (Mason and contractor, Ngeno Biotec co.) intervjuad av forfattaren den 8 april 2014.
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7.2 Ekonomiska faktorer, Kenya

Den totala utgiften for en biogasanlidggning av modellen Kenbim &r 1 100 USD*. Modellen
GesiShamba med storleken 6 m? kostar 875 USD®. I denna kostnad ar dock inte
arbetskostnaden for utgriavande inkluderad. I Takamoto Biogas kontrakt framgar det att
hushéllen skall betala 10 % av den totala kostnaden for anldggningen, vilket ungefér uppgér
till 125 USD samt 0,69 USD per m* gas som anvinds’. Dir 1 m? gas beriknas ricka i
ungefar tva timmar.

Enligt KENDBIP (2014) ér den hoga installationskostnaden en barridr for etablering av
biogasanldggningar i Kenya. Den hoga installationskostnaden beror pa hog material- och
arbetskostnad samt spridda bosittningar (KENDBIP, 2014). Produktionen av komponenter
till anldggningarna gors i Asien och dérfor dr materialkostnaderna hogre i Kenya da dels
importskatt tillkommer®’. Enligt Benton’ dr arbetskraften dessutom dyrare i Afrika jamfort
med i Asien vilket bidrar till att den totala kostnaden av en biogasanldggning &r hogre.

Av installationskostnaden for Kenbim gar 330 USD till murarens 16n och resterande 770
USD till material . Lonen for en murare ér uppdelad och muraren erhéller 50 % d4 arbetet
startar, 30 % nér arbetet dr klart och resterande 20 % nir anléggningen fungerar som den
skall och hushallet far sin gas'". Denna uppdelade betalning underlittar dven for hushallen
att investera i en biogasanliggning da investeringskostnaderna delas upp"”.

7.2.1 Underhéllskostnad

Enligt kontraktaren Gikuhi'®, som installerar biogasanliggningar inom KENDBIP, far ett
hushall betala 62,5 USD om en murare skall komma och felsdka anldggningen. Kostnaden
inkluderar endast identifiering av felet och inga reparationskostnader. Takamoto Biogas
underhéllskostnad per anldggning ligger &r 2014 runt 12,5 USD per manad vilket for
foretagets samtliga anliggningar blir 1 250 USD’. Denna kostnad beror frimst pa underhall
av de underutvecklade médtarna som anvénds for att méta gasforbrukningen.

7.2.2 Finansiering av anliggning

I Kenya har manga banker och mikroinstitutioner insett att den véixande biogassektorn ér en
mojlighet for att expandera deras kundbas (KENDBIP, 2014). KENDBIP har dirfor flera
samarbeten vilket underléttar for hushall som vill ta 1an och dven for biogasentreprenorer
som kriver ett arbetskapital for att kunna tillfredsstélla efterfrigan. KENDBIP samarbetar
med olika kreditinstitut for att ta fram 14n anpassade for hushéll som vill investera i
biogasanliggningar. Aterbetalningstiden for anvindarna ligger mellan ett och tre ar'.
Avsaknad av eller begransad tillgéng till 1dmpliga biogaslan, gédllande bade kontraktare och
hushall, hindrar etableringen av smaskaliga biogasanldggningar i Kenya (KENDBIP, 2014).
Lokala forsdljare av biogasanldggningar i Kenya har 1ag ekonomisk kapacitet for
finansiering av marknadsforing och utbyggnad av sin verksambhet.

For att sektorn skall fortsétta expandera dr det viktigt att mojligheten att ta lan fortsdtter att
utvecklas (KENDBIP, 2014). I rapporten frin KENDBIP (2014) framgar det att

15 Andreki Wambuga Gikuhi (contractor and mason) intervjuad av forfattaren den 4 april 2014.
16 Bernad Mulandi (Finance and Administration Officer, KENDBIP) intervjuad av férfattaren den 26 mars
2014.
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majoriteten, 68 %, av anvdndarna finansierade anldggningen genom egna besparingar, 18 %
tog lan och 11 % kombinerade besparingar med 14n. Det framgar dven att av lantagarna
lanade 34 % av en bank, 33 % av Savings and Credit Cooperative Society, SACCO, 23 % av
familjemedlemmar och resterande 14 % frén en social grupp.

Tva av tolv hushall tillhérande KENDBIP tog lan for att kunna komplettera betalningen,
resterande sju nyttjade sina besparingar. Tva av hushallen har sin anldggning pa avbetalning,
vilket dr ytterligare ett sétt att finansiera investeringen. Ett av hushéllen beréttar att de
betalar tillbaka 62,5 USD pa lanet nir de har mojlighet, att de haft rétningskammaren i tva
ar och att de fortfarande betalar av pa den.

7.2.3 Subvention
For att stimulera biogasmarknaden i Kenya och for att introducera den nya tekniken
subventionerades varje hushall med 25 % av installationskostnaderna fram tills 2014. En

forutsittning for subventionen var att hushallet var medlemmar i KENAFF och installerade
modellen Kenbim (KENDBIP, 2014). Ett hushéll betade da motsvarande 787,5 USD.

Under de fem fOrsta dren subventionerades 11 600 hushall och dessa finansierades frimst av
Humanist Institute for Cooperations with Developing Countries, Hivos, och Netherlands
Development Organization, SNV (KENDBIP, 2014). Férdelen med subventionerna var det
okade intresset och den forhojda trovirdigheten for biogas®. Nir anliggningarna
subventionerades hade KENDBIP en ndrmare relation till bdde murare och anvéndare.
KENDBIP betalade ut subventionen da anvéndaren besokte kontoret och bekréftade att
anldggningen fungerade. For att KENDBIP idag skall f4 den information de behdver om
murare och det arbete som utforts fylls ett formulér i av bdde murare och hushallen. Nar
formuldret 1dmnas in till KENDBIP far muraren en liten summa pengar, 12,5 USD. Av de
tolv tillfrdgade hushallen frain KENDBIP fick nio sina anldggningar subventionerade.

Sedan KENDBIP slutade med subventioner har efterfragan pa biogasanlidggningar minskat’.
Enligt Kilonzi' &r de som investerar i biogasanliggningar i Kenya idag hushall med goda
ekonomiska forutsittningar. Takamoto Biogas ndr daremot ut till badde hushall med en lag
inkomst, runt 18,75USD per manad, och till de som har rdd att investera i en egen
anlidggning’.

Omradet for projektet REFCEL valdes for att bevara skogarna som huggs ned av médnniskor
som anvinder veden som energikilla for matlagning’. REFCEL subventionerar bade
material- och arbetskostnad for installation av en biogasanldggning till hushallen vilken
motsvarar 85 %°. Hushallen fr sta for material som exempelvis ror och forstirkningsstinger
och inforskaffar detta ndr de har dem tillgangar som krivs. Denna kostnad motsvarar 15 %
av den totala investeringskostnaden och uppgar till 165 USD®. Fér majoriteten av hushéllen i
Kiambu dr investering av en biogasanldggning for dyr vilket leder till att fa hushall har
mdjlighet att investera i en anléiggning utan att bli subventionerad med den stérre summan
pengar®.

7.2.4 Garanti
KENDBIP har en garantitid pa ett ar vilket innebar att om nagot gar sonder méste muraren
reparera problemet, forutsatt att anvindaren sjilv inte orsakat skadan’. Fér att programmet
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skulle kunna finansiera problem som uppstétt med anldggningarna inom garantitiden beholl
KENDBIP 10 % av subventionen som en sikerhet'®. Vissa modeller har en tva ars garanti®.

Det ér endast fyra av de étta tillfrigade anvéndarna, tillhérande KENDBIP, som dr medvetna
om att det dr de sjdlva som fa bekosta reparationerna om garantitiden har gatt ut och en
reparation dr nddvandigt. Tva av de tre anvéindarna som &r delaktiga i projektet REFCEL var
medvetna om att KENDBIP kommer att sta for samma kostnad. De dvriga fem vet inte vem
som fér betala for reparationskostnaderna.

7.2.5 Effekter av biogas

I Kenya har 87,6% av hushallen sparat pengar genom att byta ut gasol, elektricitet, trikol,
ved och fotogen mot biogas (KENDBIP, 2014). En av anvéndarna beréttar att han sedan
investeringen av biogas minskat sina utgifter for energi med 50 % per ménad. En annan
hade tidigare en kostnad for trékol runt 25 USD per ménad och denna utgift &r idag
forsumbar. 13 av de tillfrdgade hushallen séger att de sparar pengar och tid genom att
anvinda biogas framfor andra energikillor da biogas dr en mer effektiv killa én exempelvis
ved, trékol, gasol, fotogen och elektricitet. Biogas &r renare, littare och mer effektivt att
anvinda jimfort med trikol och ved’. Den 4r dock 4r mindre effektiv 4n gasol men mycket
billigare och fotogen ar dyrare &n gasol’.

7.3 Sociala faktorer, Kenya

Samtliga tillfrigade anvénder biogasen for matlagning och for att varma vatten. Av dessa
ansdg fyra att biogasen inte dr tillricklig medan resterande tio dr mer 4n ndjda med den
méngd biogas som framstélldes. Tidigare anvinde samtliga tillfrdgade sig av energikéllor
som ved, trikol, gasol, elektricitet och fotogen. Dock &r det enbart fem som endast anvénder
biogas som energikélla for matlagning. Sex av hushéllen kompletterar biogasen med nagon
annan energikélla for att vissa maltider traditionellt skall tillagas pé ett sétt eller nir de skall
laga mat at ett storre sillskap da biogasspisen dr for liten. Tre hushall anvénder sig av
samma energikéllor som innan installationen eftersom de inte far ut den méngd gas som
onskas och kompletterar dd gasen med dessa.

7.3.1 Marknadsforing

En barridr av etablering for biogasanldggningar i Kenya &r avsaknad av, eller otillracklig
teknisk medvetenhet d& ménga potentiella hushall inte &r medvetna om att teknologin
existerar (KENDBIP, 2014). KENDBIP har delat upp sin marknadsforing i tva delar, en
6vre och en undre'®. Den Gvre delen skoter de som ér ansvariga i programmet och sker
genom lokala radiostationer, marknader och samarbeten med andra organisationer.
KENDBIP marknadsfor sig frimst genom de fordelar som finns med biogas. Ndr KENDBIP
var nystartat satsades mycket pengar pa marknadsforingen av att sprida informationen om
biogas och syftet var inte kvalité utan endast att sprida ordet om biogas och dess positiva
effekter''. Idag marknadsfor sig programmet frimst genom att erbjuda olika modeller och
varianter pa biogasanliggningar’. Den undre delen av marknadsforingen limnas till
murarna, dér de far ta ansvar for att sprida information om biogas vilket leder till fler jobb'.
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Kontraktarna marknadsfor sig genom nuvarande hushall som beréttar om sin
biogasanldggning till vinner och refererar till kontraktaren vilket leder till att en viktig del dr
relationen till hushillen’. Aven att anvinda en biogasanlidggning som
demonstrationsanldggning dit nya potentiella anvdndare kan komma for att for se hur biogas
fungerar samt hur restprodukten bést anvinds utnyttjas av kontraktarna for att marknadsfora
sig’. Takamoto Biogas marknadsfor sig for tillfillet enbart genom att sprida budskapet fran

mun till mun’.

7.3.2 Utbildning

Utbildning &r en viktig del av etableringen av biogasanldggningar i Kenya. Vilken
utbildning hushéllen far, av vem och hur de erhaller kunskapen om anléggningen skiljer sig
4t. Aven vilken utbildning den som konstruerar biogasanliggningen har, ir av betydelse for
framgangsrik etablering.

7.3.2.1 Utbildning for anvandare

Av de 14 anvindare som intervjuats har endast ett hushall utbildning pé universitetsniva.
Tva av de tillfragade har ingen utbildning alls. En av de tillfrdgade hade hoppat av skolan
efter ”Standard Eight”, vilket motsvarar arskurs atta i Sverige, och de resterande tio har en
examen fran "Form Four”, vilket motsvarar en avslutad en svensk gymnasieutbildning.

Enligt KENDBIP (2014) ér avsaknad av eller otillrdckligt stod efter installation en faktor
som forhindrar etablering av biogas i Kenya. For att uppné en hog varaktighet maste
anvindarna utbildas gillande biogasanlidggningen®. Enligt de ansvariga inom KENDBIP
skall alla hushall erhélla affischer och manualer vid installation av en biogasanldggning'®. T
dessa finns information om hur anldggningen skall skdtas samt hur restprodukten kan
anvéndas pd ett formanligt sitt. Under intervjuerna med hushallen framkom det dock att
endast tva hushall har erhéllit detta material. Samtliga hushall inom KENDBIP fick dock
ndgon form av utbildning av den ansvariga muraren om hur substrat skall blandas samt hur
de skall rengdra och driva anldggningen. Hushall som investerat i vissa modeller som
exempelvis GesiShamba utbildas av en representant frin Nederlinderna®. Nir foretaget
Takamoto Biogas ér firdiga med installationen av en biogasanldggning spenderar en
tekniker en timme med anvéndarna for att svara pa fragor samt ga igenom systemet fran
borjan till slut’.

7.3.2.2 Utbildning for murare

Murare, inom KENDBIP, som ér ansvariga under installering av biogasanldggningar skall
genomfora en utbildning som programmet erbjuder dér de lar sig hur konstruktion av en
rotningskammare gar till'®. Enligt Wakesho'' erhaller muraren ett certifikat efter godkéind
utbildning som visar att muraren ar kvalificerad att utfora installationer av
biogasanldggningar for KENDBIP. Utbildningarna &r intensivutbildningar som pagar mellan
tvd till tre veckor och bestdr av bade teoretisk och praktisk undervisning samt avslutas med
ett prov'”. Alla intervjuade kontraktare utbildar sina murare pa egen hand da deras murare
inte har genomgatt programmets utbildning. Det &r dock alltid kontraktaren som &r ansvarig
for att installationen sker korrekt och han kommer tillbaka ett flertal ginger under
konstruktionen for att undersoka att allting &r som det skall vara'.
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Lag utbildningsniva bland murarna forsvarar intensivutbildningen inom KENDBIP och
avhopp bland murare ar ett problem KENDBIP (2014). For att undvika att murare hoppar av
programmet samordnas moten under implementeringsperioden dir erfarenheter utbytes och
problem tas upp. De frimsta murarna blir uppmuntrade att bli kontraktare och att inspektera
anldggningar for att minska upprepningsjobb samt for att undvika den medf6ljande kostnad
som muraren sjalv far std for. Avsaknaden av ett nationellt utbildningsprogram f6r murare
forsvarar etableringen av biogas i Kenya.

I Takamoto Biogas genomgér alla anstillda en provanstéllning de tre forsta manaderna dér
de fér en inblick i foretaget, lir sig hur det fungerar samt fir en internutbildning om hur en
biogasanliggning byggs’.

7.3.3 Acceptans for ménskliga fekalier som substrat

Att ansluta en latrin till anldggningen har inte fatt genomslag i Kenya eftersom det kulturellt
inte dr accepterat (KENDBIP, 2014). Hushallen &r medvetna om att gasen gar att anvinda
men anser att det ar orent att anvéinda den for matlagning om den framstills fran ménskliga
fekalier''. I Kenya har 0,045 % av anlédggningarna installerats med en anslutning till en
latrin och bedrivs dérfor dels pa méanskliga fekalier (KENDBIP, 2014). Dock har majoriteten
av anldggningar i Kenya installerats med ett anslutningsroér som innebdr att anldggningen i
framtiden kan anvinda ménskliga fekalier som substrat om intresse finns''. En del skolor
har biogasanlidggningar med minskliga fekalier som substrat gor att barnen vénjer sig vid
processen''.

7.3.4 Sociala drivkrafter

Majoriteten av anvéndarna har valt att investera i biogas dd de ansag att andra energikéllor
ar for dyra. Men dven for att dessa dr svara att fa tag pa och att tillgdngen &r osdker. Forutom
de ekonomiska fordelarna investerade de i en biogasanldggning for att forbattra héilsan, spara
tid samt virna om miljon.

Fem av hushallen har upplevt en forbattring av hélsan i form av minskad hosta eller
rinnande 6gon samt mindre virk i kroppen efter att barande av ved minskat, medan sju inte
har mérkt ndgon skillnad. I Kenya spenderar 97,8 % av de med biogas mindre dn en timme
per dag pa hushallenergi jamfort med 39,2 % for de utan biogas. Detta resulterar i att
kvinnor och barn har mer tid for studier och andra sysslor nir biogas anvinds (KENDBIP,
2014).

7.3.4.1 Samarbeten

Statlig finansiering av KENDBIP forekommer inte men staten och KENDBIP har ett
partnerskap'®. Till exempel styrde statliga departement grundandet av reglerna for hur
biogassektorn skall fungera. Programmet har 160 partnerskap med olika institutioner och
organisationer bade fran den privata samt den statliga sektorn’. Syftet med partnerskapen ér
att de skall underlitta finansieringen och bidra med kunskap inom marknadsforing,
kvalitetskontroll av biogasanldggningar, utbildning av anvindare och identifiering av
utvecklingspotentialen i biogassektorn®. Exempel pa partners till KENDBIP &r Non
Government Organisations, finansinstitutioner, banker och mikroinstitutioner, kommersiella
biogasforetag, leverantorer av delar, serviceforetag for biogasdelar och murare. Enligt

44



Nyamu’® har samarbetena mellan linder genom ABPP till stor del bidragit till KENDBIP:s
framgang eftersom de lér och hjélper varandra med allt frén problemldsning till att ta fram
nya modeller. Enligt Benton’ har Takamoto Biogas flera statliga samarbeten, bland annat
med KENAFF men dven med Kenya Byro of Standards som har makten att gora
rotningskammarna skattefria.

7.3.4.2 Relationer mellan ansvariga, murare och anvindare

Nir ett hushall vill installera en biogasanliggning tar de kontakt med en murare'®. Muraren
kontrollerar om hushallet har tillrdcklig kapacitet for att installera en biogasanliggning.
Muraren installerar anldggningen och ger instruktioner om hur den fungerar och skall skotas.
Enligt Wakesho'' far hushallen kontaktuppgifter till KENDBIP att anvinda om det skulle
uppsta ett problem med anldggningen och om det inte far kontakt med muraren. Wakesho
forklara att KENDBIP har en databas med kontaktuppgifter till alla anvdndare och
respektive murare. Om en murare inte skdoter sitt arbete eller konstruerar en anldggning som
visar sig vara felaktig kan KENDBIP svartlista muraren fran framtida arbeten inom

pro grammetl !
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8 Analys

For att ta fram de viktigaste faktorerna for framgang sammanstills parametrar som paverkar
etablering och drift av smaskaliga biogasanldggningar i utvecklingslidnder. Tekniska,
ekonomiska och sociala faktorer har identifierats utifrén litteratur- och féltstudier samt
sammanstéllts i enskilda tabeller for att {4 en tydlig 6verblick av resultatet.

I varje tabell viktas parametrarna for att faststdlla faktorernas betydelse for framgang,
géllande etablering av smaskaliga biogasanldggningar, utifran skalan: 0, +, ++.

0 Ingen paverkan

+ Péaverkan

++ Avgorande paverkan
1.s. Information saknas

8.1 Analys, tekniska faktorer
Tekniska parametrar som paverkar etablering och drift av sméskaliga biogasanldggningar
har sammanstéllts och viktas i tabell 4 nedan.

Tabell 4. Sammanstdllning av tekniska parametrar och dess betydelse for framgdng.

Parameter Litteratur- Filtstudie Filtstudie Kenya
genomgang Kambodja
Anlaggning:
- Val av rétningskammare ++ ++ +
- Konstruktionsmaterial + + ++
Substrat:

- Farskt/torkat substrat + + +
- Typ av substrat + ++
- Vattentillging ++ '
- Stabil tillging av substrat ‘
- Gladfsrlust + L3 15

Faktorer som paverkar processen:
- Stabilt temperaturintervall ++ Ls. i3
- pH-varde ++ L3 L3
- Syretillgang ++ s Ls-
- C/N-forhillande + + is.
Underhall L3 + =
Geografiska forutsattningar:
- Klimat is. + +
- Regnperiod i3 0 +

8.1.1 Anliggning

Vid etablering av biogasanlidggningar méste klimat, tillgdngliga konstruktionsmaterial, typ
och méngd av tillgdngligt substrat samt hushallets gasbehov utvirderas dé det spelar stor roll
for val av anldggning. Att anpassa rotningskammaren efter lokala forutsittningar ér
avgorande d4 méinga tekniska problem undviks. De geografiska forutsédttningarna skiljer sig
at 1 Kenya vilket dr en anledning till att olika modeller anvédnds och detta leder till risken att
en anldggning som inte dr anpassad efter hushéllets behov installeras. En orsak till att
etableringen fungerar bra i Kambodja &r att det finns en anpassad modell och att val av
anldggning dérfor inte &r ett problem.
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For att konstruera en rotningskammare med lang livsldngd dr konstruktionsmaterialet en av
de viktigaste aspekterna, enligt litteraturstudien. Nér val av material gors maste olika
faktorer tas 1 beaktan, hdllbarhet och tillgénglighet. Faltstudierna visar dven att det &r viktigt
att vdlja material som tal de radande klimatférhallandena som solljus. Det dr viktigt att vilja
material som finns lokalt tillgdngligt om eventuella reparationer skulle behdvas. Da
tillgéngligheten pa material dr sémre 1 Kenya &r det dir avgorande att anvédnda lokalt
tillgéngligt material for att undvika driftstopp vid reparation.

8.1.2 Substrat

Stabil tillgdng pé substrat &r en avgdrande faktor for att erhdlla en stabil tillgang pa gas och
for att de flesta anldggningar ar konstruerade for kontinuerlig tillforsel. Samtliga studier
visar att substratets farskhet paverkar gasutbytet. Det dr dock inte en avgorande faktor
eftersom torrt substrat fortfarande producerar biogas, men inte i samma méngd.
Anldggningarna i Kambodja och Kenya har anpassats efter specifika substrat, som lokalt
finns tillgdngligt, vilket gor anvéindandet av ritt substrat avgdrande for att anldggningen
skall fungera vil. Litteraturstudien visar dven att olika substrat blandas, for att erhélla en hog
glodforlust och optimera produktionen av biogas. Att blanda olika substrat kréver okad
kunskap hos anvidndaren men skulle kunna bidra till en 6kad produktion av biogas och gora
det mojligt for fler hushall att framstélla biogas. I Kenya ér ett vanligt forekommande
problem for anvidndarna att {4 ritt forhallande mellan vatten och substrat da vattenhalten i
substratet varierar. Det visar pd att ytterligare typer av substrat skulle 6ka svarigheten att fa
ritt forhéllande.

For att olika typer av substrat skall kunna anvéndas krdavs manuell eller en mekanisk
omrorning i anldggningen visar litteraturstudien. Dock dr den mekaniska omrdraren att
foredra dé risken for gaslidckage minskar. Det beror pa att den &r placerad inuti kammaren
och mer kontrollerad dn den manuella. Filtstudierna visar diremot att en automatisk
omrdrning racker.

8.1.3 Processen

De aktiva bakterierna i processen kraver konstanta forhéllanden for att effektivt bryta ner det
organiska materialet. Det dr darfor avgorande med en stabil temperatur, stabilt pH-virde
samt en syrefri kammare. For att uppna det mest gynnsamma C/N-forhéllandet skall olika
substrat enligt litteraturstudien blandas. I praktiken dr dessa vdrden svara att paverka
eftersom teknisk kunskap kravs och anvindarna dr hinvisade till de lokala forutsattningarna.

8.1.4 Underhall av anlidggning

Faltstudierna skiljer sig a4t angdende underhall av anldggningen. I Kambodja fungerar
anldggningarna vél och deras konstruktion kraver minimalt med underhéll. I Kenya didremot
ar behovet av underhall storre och driften paverkas negativt om inget underhall utfors. Skots
inte rengdringen av inloppet méste rotningskammaren till slut tommas for att torkad slurry
skall kunna avldgsnas. Finns inte den kunskap som krévs for att underhélla anliggningen
kan anldggningarna pé sikt vara tvungna att tas ur drift.
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8.1.5 Geografiska forutsiattningar

Féltstudierna visar att de geografiska och lokala forutsdttningarna méste tas i beaktning nir
en anldggning skall konstrueras och installeras. Om detta inte gors kan det paverka
anldggningens framtida reparationer men framforallt dess livslingd. Resultatet fran Kenya
visar att jordtypen dr av betydelse da vissa jordarter inte dr [dmpliga att konstruera
biogasanldggningar i. Vaderforhdllanden dr viktiga att ta hdnsyn till d starkt solljus kan
paverka en anliggnings livslingd. Aven temperaturvixlingar paverkar anliggningar éver
markniva i storre utstrdckning dn under vilket paverkar gasproduktionen da den minskar nér
kammaren kyls.

8.2 Analys, ekonomiska faktorer
I tabell 5 nedan har ekonomiska parametrar som har betydelse for etablering och drift
sammanstéllts och bedomts.

Tabell 5. Sammanstdllning av ekonomiska parametrar och dess betydelse for framgdng.

Parameter Litteraturgenomgang Faltstudie Faltstudie
Kambodja Kenya
Finansiering av projekt, bistand ++ ++ L5

Finansiering av anlaggning:
- Investeringskostnad for ++ += ++
anlaggning

- Kostnader som uppstar vid | + + -
drift och underhall

- Anliggningens livslangd + + +=

Subventioner till anvindare + + -

Mgjlighet till 1an for anvindare + - ~
Majlig besparing + 0 —=
Politiska styrmedel i3 + -
Garantitid L3 0 +

8.2.1 Finansiering av projekt

For att 1dngsiktigt kunna driva ett biogasprogram framgangsrikt maste, enligt
litteraturstudien, biogasprogrammet bli sjdlvforsorjande. Det ér i dagslaget inte mdjligt och
faltstudierna visar att biogasprogrammen dr beroende av bistdnd. For att organisationerna
skall kunna bli sjalvforsorjande krivs det att kostnader for marknadsforing, forskning och
utveckling ticks av hushallen istdllet for fran bistand. Det skulle i dagsldget innebéra en
avsevirt hogre investeringskostnad, vilket pdverkar mdjligheten att investera i tekniken.

For att garantera ett 14ngsiktigt arbete dr det viktigare att anldggningarna, snarare dn
programmen, blir sjalvforsorjande. Genom att anldggningarna blir sjalvforsorjande, bade
ekonomiskt och kunskapsmassigt, kommer produktionen av biogas kunna fortsitta &ven om
programmen avvecklas.

8.2.2 Finansiering av anliggning

Studierna visar att vid etablering av en biogasanldggning &r investeringskostnaden en
avgdrande faktor di en for hog kostnad resulterar i utebliven investering. Aven kostnader
som uppstér vid drift och underhéll har betydelse dé reparationer kan vara nddvéndiga for
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fortsatt produktion. Kostnaden for en anldggning péverkar hur ménga hushéll som har
mdjlighet att investera i en biogasanldggning och ddrmed programmens mojligheter till
fortsatt etablering. Kostnaden for att etablera en anldggning 1 Kenya ér hogre dn i Kambodja,
dven litteraturstudien pekar pd biogasanldggningar dr dyrare 1 Afrika dn 1 Asien. Det gér
dock inte att avgdra om detta har paverkat Kenyas framgang. Ett alternativ i Kenya é&r att
betala 10 % av kostnaden for anldggningen samt en kostnad fér méngden biogas som
anvénds istéllet for att std for hela investeringskostnaden. P4 sd sétt far dven hushall utan
tillrdckliga ekonomiska forutsittningar mojlighet att anvénda biogas.

En faktor som paverkar den ekonomiska 16nsamheten &r anldggningens livslangd vilken
ocksa paverkar hushallens beslut om investering. Féltstudierna visar att livslingden ar en
viktig faktor vid etablering d& hushéllen &r intresserade av att investera ldngsiktigt utan stora
reparations- och underhéllskostnader. I Kenya ér den storsta drivkraften den mojliga
ekonomiska vinningen, vilket gor livslangden till en avgorande faktor.

I faltstudien frdn Kambodja &r reparations- och underhéllskostnaderna obefintliga.
Mojligheten till langsiktig drift paverkas dé en anldggning av ekonomiska skél kan tvingas
tas ur drift om reparationskostnaden &r for stor, vilket bekriftas av litteraturstudien och
faltstudien fran Kenya.

8.2.2.1 Subvention

Genom att minska den initiala kostnaden for en anldggning gar det att né fler hushall da
investeringskostnaden &r avgdrande for hushallens mdjlighet att investera i tekniken.
Subventioner genom bistdndsprogram spelar en viktig ekonomisk roll vid etablering av
biogasanldggningar men paverkar dven intresset och trovirdigheten for biogas, vilket visas i
samtliga tre studier. Ett minskat intresse och en smalare mélgrupp for biogasteknik noteras i
Kenya sedan subventionen tagits bort.

8.2.2.2 Lan

Mgjligheten att investera i en biogasanlidggning 6kar da hushallen kan ta mikrolan och dessa
har dérfor positiv paverkan for 6kad etablering, enligt litteraturstudien. Resultatet frén
féltstudierna visar att 30 till 50 % av hushéllen finansierade sin anldggning med hjilp av lan
och dirfor dr detta en avgdrande faktor for etablering. Genom mikrolén &r det &ven mojligt
for programmen att nd hushall med sdmre ekonomi. En del hushall hindras dock av de
administrativa problemen kring mikrolan i Kambodja. I Kenya ér avsaknad av eller
begrinsad tillgang till lampliga biogaslin ett hinder for etableringen av smaskaliga
biogasanldggningar.

8.2.2.3 Mojlig besparing

Ekonomisk besparing &r en drivkraft for investering och hushéll som betalar for sin
energikélla har i detta avseende storre intresse av biogas jamfort med hushall som samlar
ved. I allménhet har storre hushall mer att vinna pd att investera i biogas d& mer kapital
laggs pa energiforsorjning, jamfort med mindre hushall, visar litteraturstudien. Den mdjliga
besparingen som drivkraft skiljer sig at mellan faltstudierna och ar avgérande for hushall i
Kenya men har ingen paverkan i Kambodja. En orsak kan vara att {4 hushéll i Kambodja
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betalar for sin tidigare energikilla. Aven litteraturstudien bekriftar att hushall som betalar
for sin energi dr mer benédgna att vélja biogas da det paverkar deras ekonomi positivt.

8.2.3 Politiska styrmedel

Politiska styrmedel kan anvindas for att paverka etableringen av biogas. Genom att minska
tillgangen pa ved och ddrmed kriva att hushallen betalar for sin energikilla kommer
det pé sikt vara ekonomiskt fordelaktigt att investera i biogas. Energipolitiken i
Kambodja har paverkat etableringen dé forbud mot skovling av skog har inforts i
vissa omraden. Detta paverkar hushallens energisituation och styr mot anvindandet
av andra energikillor som biogas. Aven i Kenya paverkar staten etableringen av
biogasanldggningar genom att ekonomiskt stodja biogasprojekt for att hindra
avskogningen.

8.2.4 Garanti

Ur marknadsforingssyfte anviands garantitiden for att 6ka hushéllens tillit till tekniken. I
Kambodja har inte garantitiden péverkat hushallens instéllning till investering. Det kan bero
pa att f4 hushall har haft problem med sin anldggning och da inte har behovt anvénda sig av
garantin. | Kenya har flera hushall haft tekniska problem vilket har paverkat vikten av
garantitid. Garantitiden &r ett sdtt att hoja fortroendet for biogasanldggningar eftersom
kvalitén varierar.

8.3 Analys, sociala faktorer
I tabell 6, som ses nedan, har sociala parametrar listats och vérderats vilka dr av betydelse
for etablering och drift.

Tabell 6. Sammanstillning av sociala parametrar och dess betydelse for framgdng.

Parameter Litteraturgenomgang | Filtstudie Filtstudie Kenya
Kambodja
Marknadsforing ++ ++ ++
Acceptans:
- InfSrande av ny + + +
teknologi
- Attanvanda + 0 0

manskliga fekalier
som substrat

Sociala drivkrafter:
- Tidsbesparing + + +
- Forbattrad
inomhusmiljd + 0 +
- Egenproduktion av
gddningsmedel + ++ +
Utbildning:
- Laskunnighet + 0 0
- Drift och underhall av | ++ + +=
anlaggningen
- Konstruktion Ls. i3 ++
Relation mellan
organisationer, murare och L3 ++ ++
hushall
Statligt stod ++ 13, +
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8.3.1 Marknadsforing

Spridning av information till hushall 4r avgdrande for etablering dé detta skapar intresse for
investering. Marknadsforing for projekten i Kambodja och Kenya ér centralt for etablering
eftersom kunskap om fordelarna med biogas dkar motivationen for installation av en
anldggning. I Kambodja &r PBPO:s marknadsforingsarbete helt avgorande for att né ut till
hushall och det finns en tydlig malgrupp vilken innefattar hushéll som har férutsittning for
att driva en anldggning. I Kenya har demonstrationer av anldggningar i drift visat sig vara ett
framgangsrikt koncept for att marknadsfora biogasprojekt. Faltstudierna visar att den
framsta marknadsforingen dr muntlig informationsspridning, vilket stdds av litteraturstudien.

8.3.2 Acceptans

Samtliga tre studier visar att acceptans for ny teknik paverkar etablering. Hushéll som
motsétter sig den nya tekniken resulterar i farre etableringar. Filtstudierna visar att det inte
finns nagot storre motstdnd mot att anvinda biogas som energikilla. I Kambodja &r det ett
fétal hushdll som inte har en biogasanldggning och som inte vill byta. Dessa hushall dr
véldigt fa och acceptans mot biogastekniken &r darfor ingen barriér for framgéngsrik
etablering.

Anviandning av ménskliga fekalier har en positiv paverkan for produktion av biogas da det
anvinds som komplement till annat substrat samtidigt som det minskar héilsorisker. I Kenya
och Kambodja vet hushéllen att biogas frdn ménskliga fekalier gér att anvinda men i Kenya
ar det till skillnad fran Kambodja inte kulturellt accepterat. Anldggningar i bada ldnderna
installeras med ett anslutningsror som gor att hushéllen i framtiden kan koppla latrinen med
anldggningen.

8.3.3 Sociala drivkrafter

Vetskap om fordelarna med biogas fungerar som en drivkraft och paverkar etableringen. I
Kambodja ér restprodukten avgorande for att hushall skall etablera en anldggning da det
anses som den viktigaste fordelen och anviinds dirfor i marknadsforingssyfte. Aven i Kenya
har restprodukten en positiv inverkan for etablering men ar inte huvudorsaken till
investering. Samtliga studier visar att andra fordelar med biogas som tidsbesparing,
forbattrad halsa och det faktum att andra energikéllor dr dyra samt svardtkomliga, har en
positiv paverkan for etablering.

8.3.4 Utbildning

Litteraturstudien visar att det dr en fordel om anvéndaren &r laskunnig vilket inte stods av
féltstudierna. Enligt faltstudierna har laskunnighet hos hushallen inte ndgon betydelse da de
fdr muntliga instruktioner och praktisk utbildning. Murarnas utbildning i Kenya forsvaras av
lag utbildningsniva bland de blivande murarna och darfor bor utbildningen anpassas efter
deras tidigare kunskaper.

Kunskap om drift och underhll &r, enligt litteraturstudien och féltstudien fran Kenya, en
avgorande faktor da denna kompetens &r viktig for att undvika att problem uppstar.
Litteraturstudien visar att det ar ett problem att hushall inte fr den utbildning som krévs.
Denna observation har inte gjorts i Kambodja da de flesta har fatt den utbildning som
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anldggningen kréver vilket inte &r fallet for Kenya. I Kenya skall hushallen forses med
affischer och manualer men alla tar inte till sig kunskapen, vilket skapar problem.

Litteraturstudien tar upp problemet med att det 4r ménnen som blir utbildade men att det ar
kvinnorna som skoter driften av anldggningarna. Féltstudierna visar ddremot att personen
som skdter anlédggningen fér utbildning, oavsett kon.

Faltstudien i Kenya visar att teoretisk och praktisk utbildning om konstruktion av
biogasanldggningar dr en avgorande faktor. Ett av de mest forkommande problemen i
Kenya, for anvdndare som dger sin anldggning, innefattar att réren mellan anlédggning och
hus gér sonder. Detta problem beror pa brist i rordragningen men &r dven ett resultat av
okunskap om vart roren dr dragna. D4 manga av de problem som har uppstétt beror pé délig
konstruktion, visar detta hur viktigt det &r med utbildning fér murare sa att anldggningen
konstrueras pa ritt sitt. Utbildningen for murarna, i Kenya, har visat sig variera och detta
har paverkat etableringen.

Sammanfattningsvis dr kunskap om konstruktion, drift och underhéll en avgorande faktor
for etablering av biogasanlédggningar, dir utbildning rorande dessa omraden dr en
forutsittning.

8.3.5 Relation mellan organisationer, murare och hushall

I Kambodja &r relationen mellan organisation, murare och hushéll avgoérande.
Informationsflddet mellan organisation och hushall fungerar bra vilket tyder pa en god
relation. Filtstudien i Kenya visar pé otillrdcklig internkommunikation. Information fran
KENDBIP till murarna dr bristféllig vilket leder till att hushéllen i sin tur inte nas och
programmet inte fungerar som det dr tinkt. Detta leder till att det blir svért att genomfora
fordndringar i programmet och att saker tar langre tid. Till skillnad fran den interna
kommunikationen fungerar samarbetet mellan olika organisationer bra, till exempel mellan
KENDBIP och ABPP, som till en stor del har bidragit till programmets framgang.
Skillnaden mellan linderna indikerar att en bra relation mellan organisation, murare och
hushall har stor betydelse for framgéng.

8.3.6 Statligt stod

Litteraturstudien visar att statligt stod &r nodvéndigt for att 1dngsiktigt kunna driva
biogasprogram, da flera projekt misslyckats nér detta har saknats. Féltstudien i Kenya visar
att KENDBIP har haft nytta av statligt stod.
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9 Slutsatser

Studien har identifierat faktorer for framgangsrik etablering av smaskalig biogasproduktion
samt kopplingen mellan dessa. Forutom faktorer vilka dr en forutséttning for att framstélla
biogas, som tillgang till vatten och substrat, har f6ljande urskilts som centrala.

Vid val av anlidggning skall hénsyn tas till lokala resurser och forutsittningar, men samtidigt
vara anpassningsbar till flera platser. Substrat som det finns en kontinuerlig tillging till och
som anldggningen dr anpassad for skall anvdndas for att anldggningen skall fungera.

En fOrutséttning for biogasprojekt dr att de finansieras med bistdnd och att anldggningarna,
snarare dn programmen, blir sjélvstindiga bade kunskapsmassigt och ekonomiskt.

Investeringskostnaden for en biogasanlidggning far inte vara for hog da malgruppen minskar
med 6kad kostnad. Subventioner dr en viktig faktor for att minska investeringskostnaden och
lan ger fler mojlighet till investering. For att en hog investeringskostnad skall vara
motiverbar krivs en lang livsldngd.

Det dr avgdrande med marknadsforing dér drivkrafter tydligt &r identifierade, exempelvis
restprodukten i Kambodja, den ekonomiska besparingen och garantitiden i Kenya. Om
drivkrafterna dr kdnda kan politiska styrmedel anvindas for att paverka etableringen. Den
mest framgéngsrika marknadsforingen dr muntlig informationsspridning, da det leder till
okad trovérdighet och acceptans.

Kunskap om konstruktion, drift och underhéll 4r avgorande for etablering av
biogasanldggningar, dér utbildning rérande dessa omrdden dr en forutséttning. Utbildningen
skall vara bade praktisk och teoretisk samt anpassad efter malgruppens forkunskaper.
Viktigt i utbildningen for anvindare &r till exempel beredning av slurry och for murare om
hur konstruktion av en anldggning gar till.

Internkommunikation inom organisationer samt en god relation mellan organisationer,
murare och hushall dr avgorande for framgéngsrik etablering av biogasanldggningar i
utvecklingslénder.
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Bilaga 1. Frageunderlag filtstudier

Questions to people responsible at the programmes

Technical Factors

1. TIs there a certain reason for choosing these areas to establish the biogas plants?
2. What kind of digesters do you use at your facilities?
a. How large are they?
3. How many biogas plants do you have?
a. What is the distribution of the digesters in your biogas plants?
b. Are there a certain reasons for that distribution?
c. When you decided what kind of digesters you were going to use in your
biogas plants, which factors were important?
4. Regarding the different kinds of digesters in the plants, what life span do they
have?
a. Is there a certain part that usually breaks first?
5. How long does the part of the process for digestion take?
6. What is the efficiency of the different kinds of digesters? (feedstock/biogas)
7. What are the most common feedstock?
a. What is the availability of this feedstock?
b. Is the demand of feedstock larger than the supply?
c. Is the feedstock an environmental issue?
8. What is done to the feedstock to gain the best biogas? (C/N ratio, moisture,
temperature, pH, mixture of different feedstock)
9. What is most important to have in mind when you’re constructing a biogas
plant?
10. What kind of maintenance is important to make sure that the biogas plant works
properly?
a. How many hours a week does these tasks take?
11. Which technical problems are common regarding the plants?
a. How do you solve them?
b. Do you solve all of them?
12. Do the rain seasons effect the plants?
a. Ifso, how?

Economic factors

1. How are the biogas plants financed?
a. Do they all get subsidy?
2. Does it cost anything to maintain the plants?
3. Is the idea for the biogas plant to eventually become self-sufficient?
a. If so, what is the time limit for this?
4. Are government agencies involved in any way, are there political interest in the
establishment and operation of the biogas plants?
5. Are any non-profit organisations involved?



Social factors

1.

2.

Who was responsible for the establishment?

a. Who has the current responsibility?
Can you tell us about the journey from the point where a farmer is interested to
where the biogas is installed and active?

Questions to masons or people with technical knowledge

Technical Factors

1.

kv

Regarding the different kind of digesters in the plants, what lifespan do they
have?

a. Isitusually a part that breaks first?
How long does the part of the process for digestion take?
What main materials are the digester made of?
What’s most important to have in mind when you’re constructing a biogas plant?
What kind of maintenance is important to make sure that the biogas plant works
properly?
Which technical problems are common regarding the plant?

a. How did you solve them?

b. Did you solve all of them?
Do the rain seasons effect the plant?

a. Ifso, how?

Economic factors

8.
9.

Does it cost anything to maintain the biogas plant?
How does your payment look like?

Social factors
10. Who is responsible for the establishment of a biogas plant?

Questions to households with a biogas plant

Technical Factors

1.

What kind of digester is used in the plant?
a. How big is it?
For how long has the biogas plant been used?
Have you experienced any technical problems with the plant?
a. How did you solve them, independently or with help from someone else?
What type of feedstock do you use?
Before you installed the biogas plant, did you use the feedstock for anything?
a. Ifso, for what?
Do you use the slurry which is left?
a. Ifso, for what?
b. Ifnot, what do you do with it?
Before the biogas, what energy source did you use?
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a. Does the biogas plant require more or less maintenance compared to
your former energy source?

8. Through the year, do you have enough water to supply the biogas plant?

Economic factors

1.
2.

H W

What is the household’s main source of income?

How was the biogas plant financed?

a. How long is the payback time?

. If something breaks, who pays for that?

Are you able to sell the biogas to neighbours?

Social factors

1.

2
3.
4

SN

Which were the main reasons for investing in a biogas plant?

. What is the biogas used for?

How has the biogas plant effected your daily life?
Since installing the biogas plant, have you noticed any difference in your health?

a. Ifso, what?

What level of education do the people in this household have?
Is the produced biogas enough for your household?
Do you still use other energy sources?

a. If so, which ones?
b. For what?

Questions to households without a biogas plant

Technical Factors

1.

2.
3.
4.

Which energy sources do you use?

a. If wood, how much labour does that require?

What kind of maintenance do these energy sources require?

Do you get enough energy from the source you use today?

If you had a biogas digester, what kind of substrate would be available?

Economic factors

5.

What is the household’s main source of income?

Social factors

6.
7.

8.

Have you had an opportunity to participate in the biogas digester project?
Do you want to change your energy source to biogas?

a. Why/why not?

What level of education do the responsible people in the household have?



Bilaga 2. Transkriberade intervjuer, Kambodja

PBPO

Intervju 1:

Hushall
Intervju 2:
Intervju 3:
Intervju 4:
Intervju 5:
Intervju 6:
Intervju 7:
Intervju 8:

Intervju 9:

Intervju 10:
Intervju 11:
Intervju 12:
Intervju 13:
Intervju 14:
Intervju 15:
Intervju 16:
Intervju 17:
Intervju 18:
Intervju 19:
Intervju 20:

Intervju 21:

Khy Sophan, Head of Coordinator of PBPO

Hushall utan biogasanldggning

Jin Poli, med biogasanldggning

Chai Lon, med biogasanldggning
Sapt Suhn, med biogasanldggning
Chem Li, med biogasanldggning

Ri Supche, utan biogasanldggning
Hushall med biogasanldggning

Sman Khon, med biogasanldggning
Man Kim, med biogasanldggning
Hem Sol, utan biogasanldggning
Bun Han, med biogasanldggning
Tun Veng, utan biogasanldggning
Shun Siamli, utan biogasanldggning
Pong Pen, med biogasanlidggning
Mang Sokom, med biogasanldggning
Jah Sam, med biogasanldggning

Kap Kimn, med biogasanlidggning
Wong Sokher, med biogasanldggning
Heng Komsoa, med biogasanlidggning

Hol Seken, utan biogasanlidggning



Interview 1: Khy Sophan, Head of Coordinator of PBPO

Date: March 25, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: -

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Khy Sophan - Head of Coordinator of PBPO

- What kind of bio digester is used in this area, and how big is it?

In this province there is only one type of bio digester, we can call it the NBP bio
digester. It is very popular in the province.

- How long is the lifespan of the plant?

The lifespan is about 20-25 years, and the NBP operates the program since 2006 and
have never had a problem with the bio digester. Maybe only ten bio digesters of 2000
was broken because it to much gas inside, the gas leak out.

- Is it the same kind of facility in all households in the programme, and why?

It is only one kind in the province. This kind of bio digester is very popular and people
enjoy to adapt the bio digester because its more affordable, the price is more cheaper
and easy to use. Another kind of bio digester, a bio digester made by a plastic bag. Its
not convenient by the farmer because its smell bad from the bio digester and they can
not use with biogas lame slow laser, slow compressor. The quality is only one year.
After one year it will break, but it cost only 100 $. Cheaper but less quality, especially
the smell is very bad.

- Why are the one used in Cambodia don’t smell?

Because all manure are converted to biogas and fertilizer. In the plastic bag bio digester
some manure still remain, and can’t convert. The NBP bio digester all of manure are
converted to methane. The plastic bag bio digester can’t convert to methane because of
different shape of NBP bio digester. The NBP bio digester slope in the bottom and the
manure can flow from the input to the outside. The plastic type bio digester is not slope,
it’s straight so it’s very hard to flow. Sometimes they need to take out by hand.

- Is the biogas digester always built under ground?

All the NBP bio digester has to be built under the ground. But for plastic bag biogas
digester sometimes problem with mouse, they make the plastic bag break and gas leak
out. We have to build biogas digester under the ground because we can save material
when we build under the ground. They prefer to build the biogas digester under ground
because the ground can protect the bio digester body. And for the plastic bag can’t
tolerate the sunlight, after one year it gets... easy to break.

- How much maintenance is required for the biogas digester?

After installing the bio digester the NBP obey educated how to maintain, how to use
biogas lame, and the biogas stove. The household have to take care of the biogas
digester. Have to cover the soil, cover the bio digester to protect from sunlight. Another
hand have to provide manure every day to the input and to take the fertilizer from the
output to another place.

- How do they maintenance the facility, and who is responsible for that?

The household have to maintain the bio digester three kind; the first is to provide the bio
digester the manure purely per day. The other is to protect the bio digester body, to
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cover the bio digester body, to cover with soil especially during the raining season. The
third is to clean the output of the bio digester. Have to collect the fertilizer from the bio
digester to anther place because when there is a lot of fertilizer in the output the bio
digester can’t flow out. Especially if the household can’t provide enough manure to the
bio digester, the bio digester also provide little bit gas, it’s not enough gas for the
household requirement to. Unluckily it will be broken in the future because of the
amount of the manure in the bio digester also increase and the biogas in the bio digester
also reduce, because its not enough manure for the requirement in the bio digester.

On the other hand we use the meter, the household have to use only 2 kilo Pascal. If
they use until 0 kilo Pascal it’s not good. It means the biogas in the bio digester equals
zero and it can be broken. If finger on 2 it have to stop. So it means that the animal
manure can’t flow out. Because the biogas pressure, it’s pulls out the animal manure
from the bio digester.

After construction you have to wait maybe ten days. The first time you have to provide
1.5-ton animal manure to the bio digester. After that you have to provide 20-30 kilo
animal manure every day. Kept it in 10 day so that the bacteria in the bio digester will
convert the biogas. In the first time its also oxygen in the bio digester so we can’t use.
After 10 day there is no oxygen in the bio digester, there is only methane in the bio
digester, so we can use.

He also confirms that the first time the oxygen in the bio digester because of the water.
Because the water also the oxygen in the water, the bacteria it’s name protozoa it
convert the bio digester to the methane and after that the bacteria was dead, it remains
the bacteria body, it becomes protein. So the fertilizer from the bio digester includes a
lot of protein. Because the bacteria were dead, become the protein. Some bacteria in the
bio digester not need oxygen. Anaerobic. Take responsibility to convert the manure to
the biogas.

- Do they only use the animal manure or do they also use leafs or household garbage in
the digester?

In Cambodia according to the NBP principal they allowed the farm household only to
use the manure, from the animal, animal manure or human manure. They are not
allowed to use the garbage because it’s very difficult. It’s easy to break. It’s not easy to
flow out the manure from the fertilizer if you use the garbage. But in Kina they use
everything. They use the animal manure, they use some plants, watergreens you can use
in bio digester. But in Cambodia very difficult because different shape of bio digester.
Very difficult to flow out if they use the watergreen.

- Why do they need to add water to the bio digester?

They have to use the water to make the solution with the animal manure, if they not use
the water the bacteria can’t convert the manure to the biogas. They have to make the
solution with the water and the animal manure and swirl between the animal manure
and the water. The water and the animal manure is the same amount, for example 20 kg
water and 20 kg animal manure.

- Is it a problem for the household that they don’t have enough water?

He say that in the whole province no household have a problem with the water. They
have water enough to provide the bio digester. They can use water from the valley, or
the river.

- What did they do with the manure before they had a bio digester?

Before bio digester the household they kept the animal manure for the rice cultivation.
Before the farm household decide to install the bio digester they save the animal
manure, maybe one ton per year. If they don’t install the bio digester it’s very difficult
to save the animal manure, especially the chicken, they destroy and can’t keep in the
specific place. Very difficult to transport the animal manure to the rice field. Especially
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some manure loose the quality. Some nutrients also despite out to the air.

On the other hand the bio digester can improve the quality of the fertilizer because there
is a lot of ... nutrient and phosphor, in the fertilizer it’s a lot of..., NPK inside the
fertilizer. And another thing, the plant easy to absorb the nutrition from the fertilizer
rather then if they use the animal manure directly to the rice field. Because it’s not easy
to absorb from the animal manure. Maybe provide the fertilizer from the bio digester the
plant easy to absorb the nutrient.

- Human manure, is the bio digester more hygienic for them then before?

After installing the bio digester they can connect with the toilet, so it can improve the
sanitation for the household. But have to remember not use the shampoo, because the
shampoo can destroy the bacteria inside the bio digester. Another thing, when they use
the toilet separately from the bio digester, they have to repair, maybe ones a year they
have to pump out because it’s full. When using the bio digester not need to pump.
Because the human manure converting to fertilizer, and no smelling.

- NBP gets money from the SNV to be able to work with the project and subsidize the
households. Is the Cambodian government in any way involved in the project?

In the first time, the royal government of Cambodia had strong relationship with the
NBP program, for example the biogas lamp input from Kina the price of biogas lamp
around 7 $ for one. So the government also sell the biogas lamp to the farmer around 5
$. It means the government provide subsidy 2 $ for biogas lamp. But recently there’s no
subsidy more for the biogas lamp.

- We have also plan to change the region for material from Kina to Vietnam. The
material import from Vietnam is cheaper then Kina. Recently the NBP is not only get
financial support from the SNV but also get financial support from the Germany
Government, GIZ.

How many of the NPB bio digesters are financed by loan and how many are paid
directly?

Maybe around 50 % of the bio digester owners are set to loan for the bio digester, at
least 50 %.

- For how long have they used bio digesters?

Since 2006.

- Is it possible to repair the biogas digesters that break?

The bio digesters are insured for two years after construction. During the insurance
time, if the bio digester was broken the group building, the NBP, will go to repair for
them without payment, free for them. If the bio digester breaks after insurance time,
more than two year, they have to pay money for the group building, the NBP. If the bio
digester has be broken more than two year, after insurance time, NBP groups building
and the cost of repairing is according to the real condition of broken. Sometimes it’s just
broken a little bit. For example it’s break the pipe, biogas pipe, we can repair it and they
spend a little bit money to repair it again. Sometimes it broke a bit serious conditions.
Maybe around 50 000-60 000 riel is the average repairing cost.

According to the NBP principal they just promote to the households that are suitable,
that have manure enough. They have enough cattle to provide manure to the bio
digester. Some household don’t have cattle are not appropriate to build the bio digester.
It means the NBP take priority only to the farmer with the cattle.

- How do they contact the farmers?

In the province it’s the supervisor who take responsibility to select the priority the
household that are appropriate with the bio digester. Household with cattle more than
three we can regard as appropriate households.

NBP also conduct a small meeting group. The district group, to support the relationship
with the head of the commune, head of village, district governor and head of commune

11



to hold district meeting, small meetings, to promote the NBP program to the farmer
households. They also take responsible to select the suitable household for the bio
digester.

They also have a promoter in the village, the number of promoters is according to the
potential of the village, the number of household with cattle.

- Does every household get training in the maintaining?

The NBP also get the bio digester owner and conduct the user training after they
construct the bio digester. The NBP also provide a training course how to use the bio
digester, how to use the biogas lamp and how to use the stove to the new bio digester
owner.
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Interview 2:

Date: March 24, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant

- What is their main source for income?

He says he can earn a living from rice cultivation and animal husbandry.

- Who lives here?

He is head of family, only two persons in the household, he and his wife.

- How much land do they have?

He has only 30 a, in first time he had 60 but he heritage to his children.

- How many animals does he have?

He has two cattle, and several poultry.

- How often does he sell the cattle?

He just uses the cattle for rice cultivation and he can sell the cattle maybe three year,
one time.

- How do they cook?

He says he doesn’t have biogas or electrical cooking, he only use wood. He gets his
wood from the forest. One time, one time, he gets to the forest. He uses his cattle and
animal trail for transportation from the forest.

- How long time does it takes?

He has to spend one whole day for one trail. He uses the ax and machete to cut the wood
from the forest to be smaller. Let it dry under the sunlight for one week and then storage
under the house.

- Does he have electric lighting?

He uses only battery. He has to charge three week, one time, because use only for
lighting, he doesn’t have a television.

- What does he use the light for?

Maybe to have dinner during the night, and to lighting the house.

- Where does he get his water?

He use pumping machine, to pump the water from the stream near here. The pumping
machine belongs to his son. He lives separately from him. He borrows the pumping
machine from his son to pump the water from the stream near here.

- What does he use for wood in the raining season?

He explains that the household have to take care so much of the wood in the raining
season. When they see that the sky is become black they have to collect the wood and
keep it under the house.

- Have he thought about having a bio digester?

He said that he’s not interesting with a bio digester. He said that he don’t like to collect
the animal manure to provide the bio digester. He said that now he is so old, he doesn’t
want to change his life, to change his lifestyle.

- For how long have them been using electricity?

He has used the battery for 20 years. He has to spend 2500 rel to recharge the battery.
What would he be most interesting in using, water pipe so that he don’t need to pump
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water or an electrical grid?

He explains that water pipe and electricity cable he is strongly interested the same.

- The forest where he collects wood, is it getting smaller?

He explains that he think in the future the forest will be smaller and smaller. He also
complain it will be difficult in future. If in the future the forest is not available for him
anymore he will have to change, to buy gas from market or use electricity for cooking.

- How will that change his lifestyle?

He said that he know in the future maybe he has to change the lifestyle to adopt the new
energy but recently he care about not changing anything. Everything the same as before.
He also explains that NBP provide 150 financial supports to household who decide to
adopt the bio digester. Maybe the 150 financial support not available in the future so if
he want to install the bio digest, he should decide soon.
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Interview 3: Jin Poli

Date: March 25, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Jin Poli - Farmer

- What is your name?

Jin Poli

- How does they make their livelihood?

Her family can earn their living from her husband is in the commune committee. Her
daughter is working in the government factory. She also cultivated rice and animal
assamentory.

- Who lives here?

She and her husband. 7 member in the household, 5 children.

- How do they cook?

Recently they used wood for cooking, because the bio digester is not completed yet.

- Where do they get the wood?

She can go near the village, sometimes she go to the mountain in the north of the village
to collect wood. She is also worried because recently there was a big storm in the
mountain. A lot is destroyed. But sometimes she has to buy more wood.

- How much time does she spend for collecting wood?

She has to spend a lot of time to go to the forest because it far from here. She explain
that they also spend time for chopping wood.

- What does they use for lighting?

They use battery for lighting.

- How do they get their water?

Sometimes they have to buy water from the truck, and sometimes she carry by hand
from the pump near here. In the dry season she has to by water every week. Need the
water for cooking, drinking and for the animals. In the raining season she also buys
engine to pump water for the rice field. During the raining season, some week there’s no
raining. So she has to use pumping engine, 10000 riel per hour. She hire from near here.
She cannot save any money to buy a pumping engine because she has to support her
children in school

- Who made the decision to buy the bio digester?

Her husband and her decide. Joined decision.

- What influenced that decision?

To difficult to collect wood from the forest. She decide to build a bio digester it can
reduce the labour. She said if she’s free she has to collect every day to save for the rainy
season because in the rainy season it’s very difficult to find. When she go to the
mountain she has to start from 4 am and 10 or 11 am she will be back, every day.

- How did she learn about the bio digester?

She can learn how to use the bio digester from the organisation, from NBP or Sida.

- Have she received training in how to use the bio digester?

She has received training 2 or 3 times. Both her and her husband. She is strongly
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confident how to use it.

- How much did it cost?

500 dollar, 150 dollar subsidized from the NBP. If there’s no available subsidy she still
will build the bio digester.

- Have she received training in how to use the fertilizer?

She doesn’t no, she need another training in how to use the fertilizer from the bio
digester.

- What else does she use electricity for?

She only use the battery electricity for only lighting, and for cell phone, for personal
use.

- How many animals do they have?

5 cow, it’s enough for the bio digester. Before she has a lot of cattle, but recently the
household has a problem with the grass.

- Who in the household will be responsible for the bio digester?

The whole family, especially her husband and her will take responsibility for the
maintaining.

16



Interview 4: Chai Lon

Date: March 25, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Chai Lon — Farmer

- What’s her name?

Her name is Chai Lon.

- How does she make her livelihood?

She got income from rice cultivation, animal husbandry and sewing.

- Who lives her?

Her husband is head of family. Four members; her, her husband, her grand mother and
her son.

- How do they cook?

She use wood and gas for cooking, She buys gas at the market. She have to buy gas
tank. A tank can use for 2 or 3 months. A tank contains 12 kg. A tank cost 650 000 riel.
- How often does she use the gas and how often does she use wood?

She goes to the mountain to collect wood, and use the power tiller to transport the wood.
She prefers to use gas more than wood, but just some times. If she is free, she prefers to
use wood but if she’s busy with the sewing she prefer to use gas.

- How does she light her home?

She uses battery, only battery. She also uses the battery for television.

- How does she get her water?

The water she buys from truck, but sometimes she has to pump with the pumping
machine in the valley near her. This family only four member so they just spend a little
bit with the water, so she prefer to buy water from the truck because all members are so
busy. Sometimes her husband is free her husband can use pump machine. If she pumps
water buy her self it’s cheaper than buy water from the truck but has to spend the
labour. The water quality quit different, maybe the water from the truck more quality
then from the valley because the water valley is ground water the they have calcium
carbonate in the ground water, it’s not good for the health so she prefer to buy water
from the truck. The water from the truck is transport from the canal. Sometimes they
use the filter to clean the water.

- Are there any others engines they use?

Gasoline engine and a power tiller trailer. They just use the power tiller for plowing and
transportation. Rice grain and wood from the mountain.

- Do they share the power tiller with the village?

She have never lend out the power tiller to another household but sometime when plow
they have to rent in labour to use the power tiller because her husband is not strong
enough to use the power tiller.

- How much does the power tiller cost?

3000 dollar. Two years ago. They have to sold cattle and spend money back for power
tiller, to save many years. They sold two cattle to buy the power tiller and two cattle are
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not enough they have to spend more money.

- How reliable is her sawing, how does it work?

The income varies from 5000 riel to 20000 riel per day. She makes everything,
especially clothes. She doesn’t have a contract, she sell to the villagers. For example the
villager want order her to sew a shirt, she make a shirt. She buys the material from the
market. She explain about the cloth, the villager go to buy from the market and bring the
cloth to her and she will sew.

- Where did she learn to sew?

She said that she learn how to sew in the Khmer rough regime, because the Khmer
rough regime she also worked with the sewing machine.

- Would she be interesting in using an electric sewing machine?

She is so strongly interests with the electric motor connect with the sewing machine but
recently it’s not available electricity cable. It’s not possible to connect to the battery
because it provides a lot of energy. But recently she also keep waiting for the electricity
cable.

- What else would she use from the electricity cable?

If possible she will use electricity for television, DVD-player and lighting, and also
connect to her sewing machine.

- How does she think that would improve her livelihood?

She explains that if electricity cable is available in this village it will improve their
lifestyle; maybe she can change from the wood electricity for cooking.

- Do they have any animals?

She has three cows and two pig and several poultry.

- Has she considered having a biogas digester?

She is also interesting with the bio digester but she doesn’t have enough money to build.
She has to spend a lot of money at her son at the university. She has to spend for her son
at the university 100 dollar per year, for fee.
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Interview 5: Sapt Suhn

Date: March 26, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Sapt Suhn — Farmer

- What’s his name?

Sapt Suhn

- How do they earn their living?

He can earn a living from the vegetable cultivation, animals, rice cultivation and he also
works as a construction worker. His son also works in teacher at the high school.
Another son also studies at the university in Phnom Penh, four year student.

- How do they cook?

Recently he uses only biogas from the bio digester for cooking food but sometimes he
also use wood, when he has a party he has to require a lot of energy.

- Where does he get the wood from?

He buys wood from this household, and also go to collect wood around here, in the
village, near the residence.

- How long has he been using biogas?

Three years ago he uses the bio digester.

- For how long has biogas been promoted in the village?

He is the first household to adopt biogas in the village.

- What made him make the decision?

He explains it in the first time there is no electrical cable in the village. So when he goes
to participate in the training curse from the NBP he is strongly interested in the benefit
about the biogas. After that he also visit a household in another village with a bio
digester and saw clearly how to use and how to get benefit from the bio digester. He
decides to adopt the bio digester for the household because the bio digester can produce
the gas for cooking and for lighting and fertilizer for the agriculture production.

- For him, what is the most important benefit?

The fertilizer. In the first he use only manure, provide manure directly to the corp. And
after that he uses the fertilizer from the bio digester and it increase. Another hand the
fertiliser also can reduce the insects and protect against the insect.

- What does he use for lighting?

Recently he stop uses the biogas lamp anymore, just use only electrical lamp for
lighting.

- For how long have they had electricity?

He decided to connect with the electrical cable for two years ago. He uses the electricity
for sewing machine, electrical pumping water, television, DVD-player, speaker, phone,
iron. He has four sewing machines.

- Is there anything else he wants to use electricity for?

In the future he wish to use another electrical material, for example refrigerator. He has
to spend around 70 000 riel for electrical cost.

- What does change his lifestyle?
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He explains that even if the electrical cost can be so high but it still more affordable if
you compared to the battery because if you use the battery you have to charge it every
week. And the battery we can use only six month after that we have to buy a new one
because after six month it will be broken. The price for battery is so expensive, 50 dollar
for one so when they change to use the electricity cable they can use the money for the
electricity.

- Can he use electricity to improve his income?

He explains that it can improve their livelihood to the vegetable production because he
uses the electrical pumping motor. The price of electricity per kilowatt-hour only 720
riel, more cheaper. So if they use the pumping engine the have to spend a lot with the
fuel price. When we change to use the electrical pumping motor we have to spend a
little with the electrical cost, only 720 riel. On the other hand the electrical motor can
improve the activity of sewing.

- Does he use that electrical pump to pump his drinking water as well?

About the drinking water he has to buy from the truck, cleaner water for drinking. In the
first time he use the filter for drinking water but recently he stopped using it any longer
because sometime in the first time of raining season there are a lot of dust in the water
so the filter can not clean enough. The raining water he use only for household
requirement and drinking, not for arrogation.

- What do they do with household waste?

They use for fertilizer, for slurry. The plastic bags they burn.

- How do they wash their clothes?

Just by hand. They wash every day. Every member in the household maybe they
washing clothes every day. For example today him, and tomorrow his son, and next
tomorrow his wife every day change of member.

- What engines does they have in the house?

They have thrusting machine, generator and sewing machine. Pumping machine and
motorcycles.

- The thrusting machine, does he share it with the village?

In the first time another villager also hired the thrusting machine to thrust the rice grain
but recently they stopped renting out anymore because the household there’s no any
labour. Because his son also work and study in the Phnom Penh so no labour especially
for thrusting rice. He just uses the thrusting for the household requirement.

- When does he use the generator?

He use the generator before the electricity cable but now he stopped use any longer.

- How often are there blackouts?

Electricity cable here is okej, maybe only one time a month of black out, and it’s just for
short time maybe only five minutes.

- His children in education, when they are finished, will they stay in the village or will
they move away?

He doesn’t know about his son plans.

- Will he divide the land to his children?

He cannot divide to his children, his land size will be smaller and smaller.

- Is it easier to save money since he started to us electricity and biogas?

He explains he can save money more then before. Because he can improve the job with
the sewing machine and agricultural production. Because when availability of electricity
cable can improve the sewing machine.

- How much labour does it take to run the biogas digester?

Only two member in the household take responsibility to maintain and provide the
animal manure to the bio digester, his wife and his son.

- How long do they spend doing that?
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Maybe around 10 minutes per day to provide the animal manure to the bio digester.

- Have he experienced any problems with the bio digester?

He has never had any problems with the bio digester.

- Who made the decision?

His wife is the main decision maker to build the bio digester.

- Do they get enough gas for the household?

The large number of the household members so the household needs a lot of gas for
cooking so the biogas digester cannot provide enough gas for the family. They would
like to have more. Ten members in the family. He has to use wood sometimes, the gas is
not enough.

- Have they got any training in the maintenance for the fertilizer?

He has never participated in the training but there are NBP agency they come and
explain how to use biogas in the household.

- Have biogas saved them a lot of time?

He said that the bio digester could save them a lot of time, especially for cooking.
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Interview 6: Chem Li

Date: March 26, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Chem Li - Farmer

- For how long have they been using a biogas digester?

They start to use the biogas digester in 2010.

- How many are they in the household?

They are eleven members in the household.

- What is their main source for income?

They can earn their living from the vegetables, rice cultivation and animals.

- How many animals do they have?

Three cattle. Two is cow and one is ox.

- Is that enough for the bio digester?

It’s enough for the bio digester. The biogas is enough for cooking food and heating
water.

- What did they use for cooking before they had the bio digester?

Only wood for cooking before the bio digester installation. She bought it from the
market and sometimes she go to collect the wood from the rice field. 35 000 riel per
trail. One trail they can use for two month.

- What’s the biggest different between before they had the biogas and now?

She say it’s very different. After she had the bio digester it’s easy especially for
cooking. To pay much money for wood. She confirm that maybe save 30 % if we
compare before biogas digester. 30 % less time.

- Were did they get the information about the biogas?

She can learn how to use the bio digester and she know the benefit of the bio digester
because the NBP they got a training course in the village. Biogas training, how to
maintain, how to repair, how to work with the bio digester.

- Who is responsible for the biogas digester?

Every member in the household knows how to use the biogas digester but recently only
her take the responsible to provide the animal manure to the bio digester. But sometimes
when she has busy anywhere, her son take responsibility to take care.

- Have they experienced any problems with the biogas digester?

About the biogas digester she never had a problem but she had a problem with the
biogas lamp. When it was broken she had to buy and repair the biogas lamp by her self.
To change to a new one, inside the lamp. The biogas lamps are quite fragile, a lot
households have problems with them broken. In this household they use the biogas both
for lighting and cooking. She has two biogas lamps. The biogas can support more then
two lamps but she just use only two.

- What did they use before for lightning?

She used fuel lamps.

- How much did it cost when the lamp broke?

5000 riel when it was broken to buy a new one.
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Interview 7: Ri Supche

Date: March 26, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Ri Supche - Farmer

- How does she make her livelihood?

The source of income from the rice production, her daughter works in the government
factory. She also sells Khmer noodles every morning and animal husbandry.

- Does she have a rice mill or thrusting machine?

No, she doesn’t have. She just buys the noodles from the market.

- How many people live in the household?

8 members in the household.

- How do they cook their food?

She use only wood, she buy wood near here. She has never buy gas from the market.

- How much does it cost?

71500 riel per day.

- Does the quality of the wood vary?

It’s the same quality, it’s a average cost and the wood seller is also a sibling, a relative.
- How does she light her home?

She uses the electrical lamp for lighting, with electricity cable. She has to spend 20000
riel per month for the electricity. 220 000 riel for connection service the first time.

- What else does she use the electricity for?

Just use electricity for lighting, fan, television, DVD-player and first time also the
sewing machine.

- When does she use the fan?

She just uses the fan during the night, maybe three or four times.

- How do they get their water?

She says that she pump the water from the canal. She use electrical motor from his
household but use the energy from her home. Just borrow because the household and
her also are relative. They also share the thrusting machine, but only the relatives.

- How many animals does she have?

Four cattle, two big and two small.

- Is she interesting in having a bio digester?

She is also strongly interesting in having a bio digester but she needs to have an
agreement from her younger brother. She has to discuss more, approval from her
younger brother. He lives with her.

- Does she do anything with her animal manure?

The animal manure for fertilizer with the garbage and keep it and provide for the rice
field.

Does she ever give her manure to household with the bio digester?

This household also ask her for animal manure to provide for their bio digester. Because
this household the animal manure is not enough, they have to provide more manure.

- What is the difficulty in convincing her brother to have a bio digester?
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She said that he just not know about the benefit with the bio digester today. She has to
wait until he comes from the government factory.

- What interest her most with the bio digester?

General information about the bio digester from him. Both of the benefits, the biogas
and the fertilizer. She said that in the future maybe there’s no wood for cooking.

- Would she consider using an electrical pot for cooking?

She doesn’t want to use electrical pot because it spend a lot with electrical cost, it’s
expensive.

- Are there any other electrical materials that she wants to use?

For example washing machine, refrigerator.

- How does she think the electricity has changed her lifestyle?

She also explain it that electricity can change her life because her life is better than
before. Because before they use the candle and fuel lamp is not easy. Now they use
electrical lamp, is easy. But very difficult because has to spend a lot of money on
electricity every month.

- Does she think it’s appropriate price for the electricity?

She think it’s an appropriate price if she compared to an another village.

- Does she know why it’s cheaper in this village?

Because it’s public electricity cable, in another village it’s private electricity cable.
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Interview 8:

Date: March 27, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant

- What is the source of income for the household?

Source of income come from rice cultivation, peanut production, cattle and her son
works at a company in Battambang province.

- Who lives in the household?

The husband is the head of family. They have four children, another son is separated
from her home because he got married.

- How do they cook?

Biogas from the digester

- How much biogas do they use?

She doesn’t know clearly how much they spend but she thinks a little bit gas because
the volume of the digester is 6 meter cub.

- How many animals does that take?

She got five cattle, the animal manure is enough for the biogas digester requirement and
plus.

- Does she they do anything with the extra gas?

She get a number of biogas lamp, three lamps for they need to study at the night and
they can use the biogas lamp.

- Is it easy to use the biogas lamp?

She explain that the three biogas lamp quality is better the electricity lamp

- Why is it better than electricity lamp, brighter light?

The bright from the biogas lamp is cleaner to look at paper due to the electrify lamp
- Is it safe to use biogas lamp?

Yes but they have to maintain

- How much maintain does it take?

They have to be careful when they use lighter because it can break material of the lamp.
- How does she get her water?

From the stream.

- How far away is the stream?

100 m

- Is it always water in the stream?

Four or five times in the dry season, drinking water they buy

- How long does it take to pump water from the stream?

Around 2 hours and every time they need 1.5 liter gasoline for the pump.

- For how long have she been using biogas?

Since 2011

- What influenced her to buy a biogas digester?

She decided to buy the biogas digester because it could benefit the household, the
fertilizer could improve the rice cultivation.

- Does she think she have the right size for the digester?
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Is it impropriety size for the household

- Who made the decision?

The whole family

- How much difference does the fertilizer that they use make?

The fertilizer increases the rice cultivation from 1.5 ton to 3 ton, double production.
- From where did she her about the benefits?

Her husband work and PBPO

- Have she got any problem with the digester?

She explain that she have never had a problem with the biogas digester because her
husband provide the digester with animal manure.
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Interview 9: Sman Khon

Date: March 27, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Sman Khon - Farmer

- How does he make his livelihood?

He can earn income from rice cultivation, vegetable production and animal
hasamenturie. His daughter also works in the government factory in Phnom Penh.

- How many lives in the household?

He is head of the family, they are six in the family, four children, he and his wife.

- How much land do they have?

The rice land he has 75 a, but the vegetable land only 40 a. (100 a= 1Ha)

- What provides most income, the rice or the vegetables?

The best for income is the vegetable production. He can earn 700 000 rel per mouth for
the vegetable production.

- How do they cook?

They use the biogas from the biogas digester for cooking food. They us gas to every
meal.

- How many animals do they have?

At the first time they have three but it is dead, for disease infection. Now he has only
one cattle. When they have one cattle it’s not enough but he has relatives near here so he
can collect the animal manure from his relatives, this house next door.

- What did they used to use before the biogas?

He uses the biogas for only cooking food. And the first he also use the biogas for biogas
lamp but now it was broken. He only uses batteries for lighting. Before he used biogas
lamp for light but now he change, only use batteries.

- What else does he us the battery to power with his battery?

He use the battery for lighting especially by the dinner. And he use the battery for
watching television.

- Before he had electric lighting, what did he use for light?

Biogas lamp, before bio digester he use fuel lamp.

- What are the differences between the different lamps?

Very different between fuel lamp, biogas lamp and electrical lamp. Electrical lamp have
to spend for fuel cost. But sometime there’s no level fuel we will stay with black lamp,
without lighting.

- How much difference does that make if they have to stay without light? How does it
change their life?

Change especially the dinnertime we have to change. If we have no fuel we have to
have dinner before six o’clock, because we don’t have light. They can spend the time in
the daylight to take care of the vegetable production and the animals.

- How do they get their water?

He use the water from the canal, from the main canal. He use a pumping machine. But
recently there’s no available water in the canal so he has to use the water in the pond
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behind the house.

- What is the difference between the canal water and the pond water?

The quality of water is the same but the water from the pond maybe need to spend
labour because quite far from the canal, it’s easier from the canal. Because in the dry
season the water in the canal not supply enough. He decide him self because there’s no
water to pump. The quality is the same; it’s the same water.

- How long has he been using biogas?

Since 2010.

- Whose decision was it to adopt the biogas digester?

His and his wife was decision maker to decide to adopt the bio digester. It was a joint
decision.

- Who take responsibility for the bio digester?

All the member in the household take responsibility to provide the animal manure to the
bio digester but only his wife use the stove with the biogas to cook.

- Before the biogas they cooked with wood, what is the change in their lifestyle since
then?

Before bio digester installation all the member take care about the wood, all spend time
for wood collection.

- Does he recommend to his relatives to buy a bio digester?

He also recommends to another household to use the bio digester but they cannot
because a little bit also of budget, money.

- What is the main advantage, he would say?

He also talks to them the benefit of biogas for cooking. It’s easy to cook and saving
time.

- In the time that they save, what do they do with that time?

They can use the time saving to take care of the animal, and to take care of the rice field
and the vegetables.

- How do they transport the rice and the vegetables?

They use the motorbike to transport.

- Have they got any problems with the bio digester?

He has never had any problem with the bio digester. Never break.

- What is the reason that he doesn’t have biogas lamp today?

Because he has built a new house, and this time the biogas lamp also broke, so they
haven’t repaired it yet.

- Have they got any training in the maintaining?

NBP agent also come to his home and explains how to use, how to maintain how to take
care of bio digester in this home.

- How did they handle the animal manure before they had the biogas digester?

Before biogas digester he keep the animal manure and transport it to the rice field and
sometimes he provide the directly to rice field and the quality of the fertilizer is not
good. Recently he uses only the fertilizer from the bio digester but he also use a little bit
chemical fertilizer. He change to use a little bit chemical fertilizer because he strongly
confident about the quality of the fertilizer from the bio digester. And he thinks the
chemical fertilizer can destroy the soil structure in the future, maybe remain to use more
and more. On the other hand he thinks maybe the chemical fertilizer can increase the
number of insects to attack the vegetables. Reduce the crop.

- What difference does it make in the labour for him?

Recently he can reduce the labour because before bio digester he has to spend a lot of
labour to take care of the vegetables because a lot of grass in the land, in the vegetable
land. He has to spend a lot of labour to take care of the vegetables because of grass. But
after use the fertilizer from the bio digester no grass grow in the land.
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- Do they have their toilet connected to the bio digester?
Yes, they hade their toilet connected.
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Interview 10: Man Kim

Date: March 28, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Man Kim - Farmer

- For how long has he been using a biogas digester?

For 6 years

- What is his name?

Man Kim

- How does he make his livelihood?

The source of income come from rice cultivation, cattle production and tuck tuck
driving and his children work at a garment factory. He just bought a tuck tuck about 1
month ago. He use the tuck tuck to transport people from the village to the garment
factory. 200 US dollar a month for tuck tuck driving and retirement.

- How much land does he have for rice cultivation?

For the first time he got 1 hektar but now he only 30 A

- How many people live here?

Four members, two children

- How do they cook?

He uses wood and biogas from digester, because his digester only 4 meter cube. He
doesn’t have manure enough because he doesn’t have cattle so he need to ask another
household and the biogas is not enough. He uses the wood for heating water. Two
stoves for two household and the biogas is not enough. His son support him with
manure.

- Who do they ask for extra manure?

His son in another household brings the manure to the household by himself.

- Where does his son get the manure from?

They have cattle, he doesn’t have cattle but his son does

- What does he use for lighting?

Battery for lighting, they have no electricity cable

- What else does he use battery for?

He use only for lightning and television

- How big is the battery?

20 Ampere

- How does he get his water?

Come from the stream, from the water pipe

- Does he have his own pumping machine?

He also has a pumping machine

- Why did he buy the biogas digester?

He decide to buy the biogas digester because his brother in law is the first person to buy
biogas digester and when he go to his brother in law he saw the biogas digester and he
know about the benefits from the digester and it is really easy to use.

- For him what’s the most important benefit of the digester?
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He explain that the main importance from the biogas digester is saving time, from the
digester he can spend time for tuck tuck driving, if he don’t have digester he spend time
collecting wood.

- Have the digester saved him a lot of time?

From 40 % to 60 % saved time, spend this time to earn many for income

- Have they got any problem with the digester?

They have never got a problem, has never break, he can fix by himself

- Have they got training?

He also got the training from the NBP

- How many animals did they have from the beginning?

He had four cattle but he sold all and decided to make pension

- How many animals does his son have?

Two cattle

- Did they only use wood before?

Before biogas digester he only used wood and he spend 2-3 days a month to collect
wood 20 km from the village.

- Has he considered getting a biogas lamp?

Before he used a biogas lamp but he don’t used that any longer because the biogas don’t
provide enough for lighting it just provide for cooking food.
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Interview 11: Hem Sol

Date: March 28, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Hem Sol - Farmer

- What’s her name?

Hem sol

- How does she make her livelihood?

The source of income come from peanut production, rice cultivation, cattle and one
daughters work at the garment factory another study at school.

- How many people live here?

6 member in the household, 3 children her and her husband and her father

- Who is the head of the household?

Her husband is the head of family

- How much land do they have for cultivation?

50 A half of hectare, at dry season they cultivate peanut and rainy season they cultivate
rice in the same plot.

- Does she have a plan to obtain a biogas digester?

She doesn’t have a plan, she wish to build one but she can’t afford one, she discus more
with her husband to install one, but she doesn’t know when.

- What does she think is an appropriate price to pay?

200 US dollar

- What does she use for fuel for cooking?

She does only use wood

- Where does she get the wood from?

To the forest, 5 km from here

- How does she light here home?

Battery

- What else does she use the battery for?

She also use fuel lamp for lighting, she use battery for lightening and television

- How does she get water?

She use pumping machine to pump from the stream

- How regular does she use that?

One time a month, 2 liter fuel per time

- Apart from the price, what the most important thing about a biogas digester?

She wants to build a digester because she thinks biogas digester would make her life
easier than before in cooking food.

- How confident is she that the biogas digester would make her life easier?

She is strongly confident that the biogas digester can make her life easier

- What evidence does she have?

According to her looking at another household

- Is she interested in a electricity connection?

She is also strongly interested in electricity cable, but she doesn’t know when it is
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available in the village.

- What difference would that make in her livelihood?

She can lose the cost of battery

- What the most important of biogas, water pipe and electricity cable?

She thinks that water pipe and electricity cable is more important than biogas.
- Why is that?

Because she can use the electricity with a lot of material, cooking material,
entertainment material, television dvd-player

- How many animals does she have?

Three cows

- What does she have for animal food?

In the rainy season it is ok the grass provide animal food it is problem in the dry season
they can use the peanut for animal.

- How much does it take to irrigate during the dry season?

Three times a month they have to irrigate the peanut, three hour per time

- How do they handle the animal manure today?

The animal manure she keeps saving over there for rise field

- How is the toilet working?

When is fuel they use a pumping machine and use it as fertilizer

- Is she worried about the deforestation?

She clearly knows about the deforestation but she has no chance she has to go to the
forest.
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Interview 12: Bun Han

Date: March 31, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Bun Han - Farmer

- What is her name?

Bun Han

- How does she make her livelihood?

The source of income come from rice production 6 ton per year, animal and her son also

work in Phnom Penh as construction worker.

- Does he send money home or do they send money to Phnom Penh?

He stays in Phnom Penh and only visit home sometimes.

- Who lives here?

She is the head of family, four members in the household, two children in the

household.

- How much land do they have?

Two hectare for rice cultivation

- How do they cook?

According to her requirement of energy the biogas digester can’t provide enough biogas

for cooking so she has to use wood for cooking.

- Where does she get the wood?

She goes to collect wood near the stream, she spend time to collect wood, two or three

times a month.

- How long is each trip?

Two or three hours per time

- How often does she need to use wood?

She uses biogas for cooking rice and soup, for heating water she use wood.

- How many animals does she have?

They are also sharing the manure between the household, 6 cattle but they are small,

they share biogas digester.

- How much biogas do they use per meal or per day?

Maybe around 8 kilopascal one day because they are sharing between household

- Do they also use fertilizer from the biogas digester?

She also uses the fertilizer from the biogas digester and also share between the

household.

- Can she say how much difference the fertilizer makes?

She doesn’t know clearly how much difference that makes but liquid fertilizer is better

than dry fertilizer.

- Does she still buy fertilizer?

She still buys a little bit fertilizer for rice production because fertilizer from biogas

digester is not enough.

- Does she buy less fertilizer than before she had a digester?

She buys less than before, before she used 400 kg of chemical fertilizer but now she
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only use 100 kg of fertilizer per year.

- What do they use for lightening?

She use electricity because this household is connected to a cable

- What else do they use electricity for?

She also uses the electricity for cellphone, fun, television, pump water for household use
and irrigation.

- What does she think is the most importance electricity or biogas digester?

They think electricity cable is more important than biogas digester because biogas
digester can only use for cooking, not for other material.

- Do they always pump there water through the electric motor?

She often uses the electric motor to pump water for eating, washing maybe three or four
day a month.

- How long does it take each time?

She explains one or two hour to pump for the household requirement only one hour but
irrigate maybe she has to spend two hour.

- Is it difficult to pay the electricity?

She said it is an appropriate price for the household but she just explain that at the first
time the companies promised that the price will go down if the household is connected
to electricity cable for a long time but up to now the price is still the same never go
down.

- How big is the biogas digester?

6 meter cube

- Is that an appropriate size for them or do they have manure for a bigger one?

She explain that 6 meter cube is not enough for two household, she think that 6 meter
cube is good for one household and there cattle can support for 8 meter cube digester.

- For how long have they been using a digester?

Seven years ago

- What was the reason for getting a digester?

Because from the difficulty from wood collection, the wood is not provide enough for
household, biogas is a clean energy no smoking and it is cleaner in the kitchen.

- What is the reason to not buy another one now if they have the manure and don’t have
enough gas?

They can’t afford another one

- Where did they get the information?

She doesn’t know clearly but the first time a promoter come to inform about digester to
the village so she could know the benefits from the biogas digester but she doesn’t
know clearly if they work for NBP or another organization.
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Interview 13: Tun Veng

Date: March 31, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Tun Veng - Farmer

- What is his name?

Tun Veng

- How does he make his livelihood?

The family earn their living from rice cultivation, animals and his wife also work at the
garment factory and her daughter also work at the garment factory his son also work as
driver in Kampong Sam province.

- How many people live in the household at the moment?

The member of this house only him, his wife, his daughter and two grandchildren.

- How much land do they have?

One hectare for rice cultivation

- How many animals do they have?

Five cattle

- How do they cook?

He use only wood for cooking

- Where does he get the wood?

Recently he only buy wood from the market because the household can’t go to collect
wood in the forest because recently the government keep wood under protection so
nobody can go to the mountain to cut the forest.

- Has he noticed that the forest become smaller?

Yes he clearly knows about the deforestation and from previous year the number of
forest become smaller and smaller and recently they can’t collect wood anymore.

- Is he interested in getting a biogas digester?

He also quite interested in a biogas digester but he doesn’t have enough money to install
it.

- How much does he think is an appropriate price to pay?

He can’t determine how much because he need to discus with his wife, he wants to get
an approval his member in the household.

- What motivates him to get a digester, why he thinks it would be good?

Because he think he have potential enough for biogas digester because he have five
cattle it is enough to provide manure to the biogas digester in another hand it would
compared to wood make the life easier than before because recently the price for wood
is higher than before and they can’t go to the forest anymore.

- When does he think he buy a biogas digester in the future?

Maybe around one year later because he plan to expand his house to build a home so he
want to build his house first and after that he will build a biogas digester because he
want to build an appropriate kitchen and after that he will build a biogas digester.

- Who makes the decision?
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He is the main decision maker but all the member in the household also agree with
them.

- What does he use for lightening?

He uses the electricity from the electricity cable for lightening.

- How long have he had the electricity cable?

Five years ago

- What else does he use electricity for?

He uses the electricity for flash light and fun, television, DVD-player, speaker and
cellphone.

- What did he use before?

He used battery

- What is the difference in his lifestyle when he using electricity instead of battery?
The electricity can improve their livelihood better than before because electricity cable
is easy to use. In the first time maybe he had to spend more than 20 000 Riel per month
for charging battery, they have to buy a new battery when the battery was broken and
the ordinary around 15 000 Riel per month so the spend is lower than for battery.

- How does he get his water?

He use the valve

- How does he get water from that?

He also use the electric motor to pump

- How often does he pump water?

Three times a month

- How does he irrigate his fields?

It depend on the rain fall but for the mung been it don’t require irrigation but rice field
require irrigation system so when the rain fall is not enough he had to provide more
water but just some time, with the irrigation he has to use engine machine, fuel engine.
- Are there any conditions that can change his decision to get a digester in a year?

He estimate that in the future we don’t have enough wood for cooking so we have to
find another energy instead of wood so biogas digester is improper material for cooking
food.

- Does he use any fertilizer?

Recently he only uses animal manure and chemical for fertilizer he wish to use fertilizer
from biogas digester in the future because the fertilizer from digester can reduce the
amount of chemical fertilizer.

- How much does chemical fertilizer cost?

Around 4000-5000 Riel per kg

- How much does he need in a year?

Maybe around 200 kg per year, if he have a biogas digester he only have to use around
100 kg of chemical fertilizer per year

- Do they have enough cattle to run a biogas digester?

Yes, he is not worried about manure to provide because he thinks five cattle is enough
for biogas digester but he just confirm that in the first time they have to getter a lot of
manure to provide biogas digester maybe around 1 ton in the first time of installation
but after that only 10 kg is ok.
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Interview 14: Shun Siamli

Date: April 1, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Shun Siamli - Farmer

- How does she make her livelihood?

The source of income from rice production, animals, her husband also works as head of
village. Her daughter also works in the government factory.

- How many people live here?

Her husband is a head of family and recently they are eleven members in the household.
- How much land do they have?

60 A (0.6 Ha)

- How many animals do they have?

Three cattle.

- How do they cook?

She also uses wood, and gas from the market. The gas costs 1500 riel per can. She just
uses gas sometimes, for example if someone in the household gets sick, they have to
cook on time.

- How is gas different from wood?

The gas is more better then wood but sometimes we cannot affordable with the gas.

- Where does she get the wood from?

She goes to the forest.

- Have she seen any evidence of deforestation?

She know clearly about the deforestation but the forest is for cutting wood for cooking,
the quality of the wood is not for furniture, just for firewood.

- How does she light her home?

She uses batteries for lighting.

- Does she use the batteries for anything else?

For lighting and cell phone. She doesn’t have television.

- Do any of these neighbours have television?

Her neighbour somehow also have television because they have more money, maybe
their livelihood is better, somehow doesn’t have television also.

- Is she interesting in television?

She is strongly interesting in television but recently there is no electricity cable in the
village so it’s difficult if they use with battery.

- How often does she have to recharge and replace the battery?

She has to charge one week, one time. They use only with lighting and the charge of
charging is 1500 riel per time. The battery they can do only six month and sometimes
one year have to replace with a new one.

- How big is the battery and what does it cost?

40 ampere, 160 000 riel to buy a new one.

- Does she have a radio?

No, she doesn’t have.
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- What do they use the electric lighting for?

They use the electrical lighting for having dinner and for sleeping.

- How do they get their water?

Pumping vale, since two year before the pumping vale is not supplying the water
enough so she has to buy water. She buys from water truck. No problem in the raining
season, only in the dry season.

- Does she have problem with wood in the raining season?

No problem with the wood in the raining season because she store under the house
during the rain and the available of sunlight she can move to dry.

- Does she still collect wood during the raining season?

We can collect in the dry season and keep it for the raining season.

- Have she considered having a bio digester?

She is also interesting with the bio digester but the main problem she doesn’t have
enough money to buy it. She doesn’t know how many years of saving for buying a bio
digester.

- What is the main attraction with the bio digester?

In the first time she have never seen before bio digester but she just saw her brother
install a bio digester and he is also interesting with the way they cook, very easy to
cook, and use fertilizer for rice production.
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Interview 15: Pong Pen

Date: April 1, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Pong Pen - Farmer

- What is his name?
Pong Pen
- How does he make his livelihood?
The source of income come from rice production, animal hesimentry include cattle and
poultry production and palm juice.
- How much land does he have?
1,5 hectare
- How many people live in the house?
He is the head of family and recently the household nine members, four children, one
grandfather and his wife and two relative live tighter in this home.
- How do they cook?
Recently he use biogas from the biogas digester and he also still keeping using wood
because the biogas only support for the household requirement but he has to cook some
food for the guest to eat with palm juice.
- How much wood does he need and where does he get it from?
About the wood he go and collect in the rice field near the stream, had never bought
wood from the market because he has not enough money to buy from the market.
- How long does it take to collect it?
Five to six time per month. Two or three hour per each time
- How many meals per day do they cook with biogas?
Three meal per day, he also use the biogas lamp for lightening
- How long has he been using a digester?
Only one month ago
- How has that change the lifestyle of the household?
He explain that after he used a biogas digester they can save time especially heating
water in case someone in the household is sick he can heating water and cook food one
time.
- Who in the household make the most benefit from the biogas digester?
He said that his wife work every day with the biogas digester but the whole household
the whole of member can get benefit from digester especially his children can study by
using biogas digester at night.
- How big is the biogas digester?
4 meter cube
- How many animals do they have?
Six cattle
- How much biogas do they need every day?
He doesn’t know because he never made an observation with the biogas.
- How much did it cost?
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He spend 500 US dollar but after that they offer him 150 dollar back

- How did he save that money?

He say that the biogas can save money in the household so that biogas lamp because he
doesn’t use biogas lamp he has to spend more money on battery charging. He just sold
the cattle, his right cattle is enough for biogas digester.

- Does he use electric lightening?

He just use biogas lamp and battery for lightening

- Is he interested in connecting to electricity grid?

He also strongly interested in electricity cable, he said that in the first time they asked
the local authority about the electricity cable and the authority said that the electricity
will coming soon but he keep waiting for a long time and still no electricity and he does
not know when electricity available.

- What electric material will he be interested in using when he gets electricity?
Available he will use television, fun and lighter

- How do they get their water?

He gets water from the well

- Does he have any engine?

He also have a pumping engine but the pumping engine only used for irrigation to the
rice field he pump from the canal to the rice field.

- Where did they here about the benefits?

The benefit from the biogas digester the first the household obtain the energy for
lightening especially for the children study and second energy for cooking food and
third the household get fertilizer to provide the household.

- Did they finance the cost by loan or did they save the money?

They sold one cow, he also go to loan for building the kitchen, 1000 dollar

- Where does he go for loan?

Microfinance institute in Kampong Speu

- How long is the payback time?

24 month, two year

- Is it appropriate for him?

It is an appropriate period for him,

- How much money does he earn from his livelihood?

He cannot determine he doesn’t think about what he can earn about the palm juice
maybe around 500 000 Riel per month. About the rice production around 700 000 Riel
per year because he have to keep some production for household requirement.

- Who made the decision?

His wife is the main decision maker in the household, about the biogas digester she is
also because she is house wife and spend time cooking food.
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Interview 16: Mang Sokom

Date: April 2, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Mang Sokom - Farmer

- What is his name?

Mang Sokom

- How does he make his livelihood?

He can earn living from sell fruit for the garment workers, agriculture, rice production,
poultry production, animal husbandry and work as village leader.

- Who lives here?

He is the head of family, eight members in the household, three children, one
grandchild, two relative and his wife.

- How much land do they have?

Residential land 10 A, rice land 1 hectare, cattle land 40 A he also get income from
cattle production.

- How many animals do they have?

Five cattle

- How do they cook?

Recently he uses biogas from the digester and wood because he have to cook some rice
and food for garment workers and biogas digester cannot provide enough gas to cook.

- His he interested in a bigger biogas digester?

He said it is not possible to buy a big one because he have only five cattle it is not
enough, if he buy a big one he have to rise more pig or more cattle.

- How does he light his home?

Now they are available electricity cable so recently he uses electricity for lightening.

- Does he use electricity for something else?

He uses electricity for television, lightening, cellphone, fun and computer because his
son has a computer for his work.

- For how long have they have electricity?

Two years ago

- How much electricity do they use?

He doesn’t know how much kwh he spend but he just know about the cost of electricity
per month around 13 000 Riel per month.

- What difference has electricity have for the household?

He thinks electricity cable can improve their livelihood because before electricity he
used battery and fuel so he had to pay more because the price of battery charging and
battery cost still high compared to electricity cost per unit.

- What does he think is more important electricity cable or biogas digester?

He think the importance is the same between electricity cable and biogas digester but he
confirmed that biogas serve more money than electricity because they just spend a lot of
money only the first time and after that they don’t have to spend anymore but electricity

have to spend every month.
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- How does he get their water?

He uses the water pipe, he uses 10 or 12 meter cube per month and the cost per unit
1600 Riel per meter cube.

- How long have they been using a biogas digester?

He used they biogas digester since 2008

- What does he think is the most importance benefit with the digester?

He explain that main benefit of biogas digester is biogas for cooking food but he said
that there are a lot of benefit with biogas digester not only biogas but the most benefit
are gas for cooking but in the first time he also used the biogas for lightening and
another hand the quality of fertilizer also good for rice production. About the cattle
production everyone prefers to buy his cattle because there are no chemical pesticides.
- Have they got any problem during these years with the biogas digester?

Sometimes he also got problem with the biogas digester especially with the valve but it
is okay because he can fix by himself.

- Because he got training?

He also got training from PAM Maybe in the future he can repair the biogas digester in
another household because he got the training cost from PAM he can repair biogas
digester in the whole commune.
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Interview 17: Jah Sam

Date: April 2, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Jah Sam - Farmer

- What is her name?

Her name is Jah Sam

- How does she make her livelihood?

They can earn their living from, the main income from green cultural production, rice
cultivation, animal hesimentry, poultry hesimentry and cattle production under the dry
season they grow the peanut and pumpkin and her son also work at an rice milling
company and another children studying in high school and secondary school.

- Who lives here?

Her husband is the head of family, her husband also work commune comity member.
Recently they are eight members in the household.

- How much land do they have for agricultural production?

She have rice land 2 hectare and cattle land nearly 2 hectare so the total for agricultural
4 hectare.

- How do they cook?

She uses the biogas for cooking food and wood for heating water.

- How big is the biogas digester?

4 metric cube

- How many meals can she cook per day with the biogas?

Three time a day, breakfast, lunch and dinner

- What is the biggest difference cooking by wood or gas?

Biogas more convenient than the wood and sometimes we cook some food with biogas
and we can do everything, do anything else

- Has biogas changed her routine?

She can save time and she use they saved time to take care of the animal, because in the
first time she spend time to collect wood, wood collection but now she never spend time
to collect wood but she spend the time to take care of animal.

- How does she light their home?

They use electricity for lightening

- How long have they have electricity?

2 years ago

- Did they use battery before?

Yes before they used battery and biogas lamp for lightening

- What else does she use the electricity for?

She use the electricity for television, cellphone and lighter, flashlight and fun

- What does she think is most importance biogas or electricity?

She think the electricity lightening better than biogas lightening but she think biogas
more benefit more than electricity because they don’t have to spend money every
month, only spend one time.
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- Does she use the slurry from the biogas digester?

She also use the fertilizer from the biogas digester for rice production and ? production
especially peanut and she have to buy animal manure from another household every
year, because biogas digester cannot provide enough fertilizer for rice production and
cattle land production.

- Have she noticed how much difference the slurry have?

She explain the quality of fertilizer more better then manure and rice production
increase after they start using the fertilizer from the biogas digester and especially they
have no grass in the rice field after they use the slurry.

- Have they got any problem with the digester?

No they have never had a problem with the biogas digester because it have never
broken.

- Have it saved them a lot of time?

Yes she can save a lot of time with biogas digester, recently she just spend the time for
take care of her grandchildren and animal.

- Which one in the household is responsible for the digester?

Three member in the household take responsibility to maintain and provide animal
manure for the biogas digester, her husband her and her son

- What does she believe is the most importance benefit with the digester?

The most important is fertilizer and the second biogas for cooking.
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Interview 18: Kap Kimn

Date: April 2, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Kap Kimn - Farmer

- How does they make their livelihood?

The main income from rice cultivation, animals and he works as a constructor worker.
- Who lives here?

His mother is a head of family, four members in the household.

- How much land do they have?

15a(0.15 Ha)

- How many animals do they have?

Three cows

- How do they cook?

He uses wood for cooking.

- How long time does it take to get the wood?

He just buys the wood.

- Is it a good price for the wood?

30 000 per m3, can use for one month or two months.

- How long time does it take to cook?

Around one hour.

- Have they considered using a bio digester?

He is not interesting in bio digester because there is no any labour to work with the bio
digester. He has to go outside in to work with the construction worker, no spear labour.
- Would he be interesting in buying gas, instead of wood?

No, he doesn’t want to buy gas from the market for cooking because he thinks it’s not
safe. Sometimes you can get accident from gas can. Wood is safer then gas.

- Is he interesting in using electricity to cook?

She doesn’t want to use the electrical to coo, because they don’t know how to use it, and
wood is safer.

- How many meals does they cook per day?

Only two times per day, lunch and dinner. For breakfast they go to buy some food at the
market, or somewhere near here.

- What do they do for lighting?

Electricity lamp. The price for electricity more cheaper. Even if she uses the electricity
lamp a whole night she just spend 10000 riel per month, more cheaper. More cheaper
then battery.

- What else do they use electricity for?

They use electricity for television, fan, cell-phone and light.

- How much difference does the fan make?

The benefit from the fan is more cooler.

- How long have they been connected to the electricity grid?

He just connected with electricity cable, only five months ago.
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- What difference has it made to his lifestyle?

His living more better than before. He can light their house in the night, can use fan, can
watching television.

- Is it just comfort or is it any other benefit?

The electricity just make their living more comfortable than before, but cannot increase
their income.

- How do they get their water?

They use the vale water and this household and that household is not connected to the
water pipe. They carry buy hand.

- How much wood does it take to boil water, in compare to food cooking?

They have to spend wood more when heating water then cooking rice, or soup.

- Have they any attention to connect with the water pipe?

She is also interesting to connection to water pipe, but they don’t have enough money to
connect it.

- What do they think is the main benefit with connection to water pipe?

They can grow more vegetable because we can connect with the pipe behind the house
and cultivate vegetable.

- What do they use the animal manure for at the moment?

They use the animal manure for agricultural productivity every year. They use the
manure for fertilizer.

- Would they be interesting in using a communal bio digester to turn the manure into
slurry?

He is not interesting with the fertilizer, slurry, from the bio digester.

- Have he seen the benefit from the bio digester?

No, they haven’t seen the benefit from the bio digester.

- How far away are their rice fields?

500 m from the house.

- What to they think they can increase their agricultural productivity?

Maybe he can’t improve his agricultural production because he has only a small size
land. He doesn’t have money to buy more land.

- What would he do if he couldn’t buy wood, or if the wood was very expensive?

If the wood was very expensive he would have to fins would by them selves.

- Have he heard anything about the deforestation?

He know about the deforestation but he never asset to the forest. Especially in this
village the forest is belong to private, so they can’t asset. In the future if the wood price
more increase he just go to collect a small wood in the field.

- In the dry season, what do they do with their field?

Nothing, no cultivation. They just cultivate rice one time. He wants to cultivate
vegetables, when he has money enough for water pipe.
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Interview 19: Wong Sokher

Date: April 4, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household with biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant
Wong Sokher - Farmer

- How does he make his livelihood?

His job is rice alcohol production, agricultural production, pig and cattle retention.

- Who lives here?

His brother and mother is head of family. Ten members in the household, include the
children, grandchildren and brother in law.

- How much land do they have?

He is not sure how much land the household have. He says maybe around 1 ha but she
say maybe 3 ha.

- How do they cook?

They use the biogas from the bio digester for cooking.

- How big is the bio digester?

He said his father knows clearly about the volume of the bio digester but for him he is
not sure.

- How many animals do they have feeding the bio digester?

He has seven cattle and 14 pigs.

- Is there always enough biogas to cook for everyone?

He said he only use the biogas for cooking. He uses wood in case the household have a
party or they are many. Only for household requirement the biogas still supplies.

- For how long have they had the bio digester?

Since 2003

- Before then how much wood did they have to use?

Before bio digester he went to forest to collect wood. Three or four time per week and
every time he has to spend 3 hours to transport to the household.

- What is the biggest change in his life since using biogas?

The bio digester can save time and easier to use than before. We can spend more time
for alcohol production and transport alcohol to the retailer.

- How much fuel do they use for alcohol production?

Recently he uses only wood for alcohol production. He goes to forest to collect wood.
Only Sunday, one week one time. Maybe three or four hours.

- How did they learn how to produce alcohol?

He can learn from his father and his father also work at the agricultural provincial
department.

- Do they use their own rice for the alcohol production or do they buy rice?

He only buys rice.

- How do they light their home?

He uses the electricity from the electricity cable for lighting home.

- For how long have they had the electricity cable?

Three years ago.
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- What else do they use the electricity for?

He uses electricity for fan, light, television, electrical motor, pumping motor.

- Is there any more electrical material that he wants to use?

In the future he wish to use the refrigerator.

- How does he think that will benefit his livelihood?

He can keep the water or meat or food for a long time.

- In what other way can electricity benefit someone livelihood?

The electricity use more better then battery use. We had to charge the battery two times
per week. Have to pay a lot of money for recharging.

- How does he get his water?

He pumps water from the vale, with electrical motor.

- How much does it costs to pump the water?

He doesn’t know hoe much they spend on electricity but he has to pump one hour every
day.

- What do they do with the wastewater?

About the pig production, when we watering the pigs the wastewater also flow between
the pig manure. We store it and use the wastewater to provide the bio digester.

- What do they do with the household waste?

For the kitchen waste we can use for animal feed. The leaf of the tree they can connect
to the fertilizer. The plastic bag they just burn it.

- What does he think is more important, the biogas digester or the electricity cable?

He thinks the bio digester and the electricity more important the same. He needs all of
them.

- Does he think that’s the same for all households?

He doesn’t know but he explains it in the village it’s only three households with bio
digester. More the household they tend to use the electricity more then the bio digester.
- What does he think is the most important thing to improve the farmers livelihood?

He thinks we have to improve the technology how to use the chemical fertilizer with the
slurry.

- How much did the biogas digester cost for him?

400 dollar.

- During how long time did he save to get the money?

His father build the bio digester by his own money. Is not set to loan but he don’t know
how long they saved to get the money.

- How long time have they used the bio digester?

Since 2003.

- Have they had any problems with the bio digester?

The bio digester a little bit problem with the valve but his father could repair by him
self.
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Interview 20: Heng Komsoa

Date: April 4, 2014
Area: Kampong Speu Province, Cambodia
Organization: NBP
Household: Household with biogas digester
Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — PhD. Sheffield University, England
Bunat Pok — NBP representant
Heng Komsoa - Farmer

- How does she make her livelihood?

The household job is rice cultivation, her husband also work as a director of primary
school and her children work in company and study at university in Phnom Penh.
Recently they are five members in the household but another children they just spend
most time in Phnom Penh. She said she is the head of family.

- How do they cook?

They only use biogas from the bio digester for cooking.

- How long have they had the bio digester?

Four years ago.

- What motivated them to get the bio digester?

She explain that first time she go to participate with a wedding party she also saw
another household in another village they had the bio digester and she also strongly
interested because the bio digester easy to use for cooking. After come back from
wedding party also discuss with her husband and decide to buy a bio digester.

- Now when she have a bio digester, how does she think it benefits her livelihood?

The benefit from bio digester is biogas for cooking food and fertilizer for rice field, rice
production.

- How big is their bio digester?

6 m3.

- How many animals does she have?

She have 13 pigs but she doesn’t have cattle.

- Where does she get the feed for the pigs?

She have to buy the animal feed from the market.

- How much does that cost?

65 000 riel per bag and the bag equal 35 kg. In the first she had a lot of pig she just sold
it to the market and before she buy animal feed every day but the amount of animal feed
around nearly 1 ton per month, because before she have a lot of pig.
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Interview 21: Hol Seken

Date: April 4, 2014

Area: Kampong Speu Province, Cambodia

Organization: NBP

Household: Household without biogas digester

Present: Nathalie Hansson — Student of Chalmers
Cecilia Johannesson — Student of Chalmers
Jacob Gower — Sheffield University, England
Bunat Pok — NBP representant

- What is her name?
Hol Seken
- How does she make her livelihood?
This household can earn their income from garment factory worker because she is a
garment factory worker, her brother, half brother and mother work with rice production.
- Who lives here?
Her father is the head of family, seven members in the household
- How much land do they have?
The rice land around 1 hectare
- How many animals do they have?
Five cattle
- How do they cook?
She use only wood for cooking food
- Where do they get there wood from?
Buy from the household
- How much does that cost them?
10 000 Riel per three or four days
- How long time do it take them to cook a meal?
30 min per meal
- Has she ever thought about getting a biogas digester?
No she is not interested in biogas digester
- Is she aware of the benefits of biogas digester?
No she doesn’t know the benefits of biogas digester
- How does she light their home?
Only electricity for lightening, electricity cable
- How long have they have connection to the grid?
Less than one year
- What motivate them to connect to the grid?
It is better than battery
- Why?
The battery has to charge three day one time, sometime more with the charging
- How do they get water?
Pumping water from the well
- What do they do with the animal manure?
Recently the household gather animal manure to provide rice field
- Would she be interested to use slurry?
She doesn’t want because she doesn’t know about the benefits of the slurry
- How do they handle the household garbage?
About the household manure they just gather and put it in the ground
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- Does she know anything about the deforestation?
She doesn’t know about the deforestation.
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Bilaga 3. Transkriberade intervjuer, Kenya

KENAFF
Intervju 1: George Nyamu, programkoordinator.
Intervju 2: Bernad Mulandi, ekonomi- och administrationsansvrig.
Roda Kilonzi, utbildningschef.
Philip Mindri, biogastekniker.
George Wakesho, 6vervakning- och utvecklingschef.
KENDBIP
Intervju 3: Andreki Wambuga Gikuhi, B.C.E. och murare.
Intervju 4: Duncan Muchiri, B.C.E. och murare.
Intervju 5: John Thuku Macharia, B.C.E. och murare.
Intervju 6: Stephen Macharia Kimenyi, B.C.E. och murare.
Intervju 7: Charles K. Ngémo, B.C.E., murare och bonde.
Intervju 8: Peter Wangendo, bonde.
Intervju 9: David Wawsru Kahenya, bonde.
Intervju 10: Brenda Nabtutu Wekesa, bonde.
Intervju 11: Felister Mumbi Kimunja, bonde.

Intervju 12: David Too, bonde.
Intervju 13: Mary Wanja, bonde.
Intervju 14: Grace Gathungu, bonde.

REFCEL

Intervju 15: Daniel Gichuhi, administrationskoordiator.
Intervju 16: Peter Githuka, bonde.

Intervju 17: Moses Ngugi Gichuhi, bonde.

Intervju 18: Simon Gitura Mwangi, bonde.

Takamoto Biogas

Intervju 19: Graham Benton, markandsutvecklingschef
Intervju 20: George Waithaka, murare.
Intervju 21: Francis Mburu Kamitha, bonde.

José Kamitha, bonde.
Intervju 22: Jane Nungari Ngonga, bonde.

Simgas

Bakgrund om foretag
Intervju 23: Moses Ogeto Gekara, chef.
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Tolkning av symboler i transkriberingar

Rott ord: Om ett ord dr rott betyder detta att det inte ar sékert att det dr just detta
ord som sagts i intervjun.
Bléa ord: Bléa ord har inte sagt i intervjun, men forklarar saker som hént,

exempelvis om ndgon pratar om nigot och pekar pa det utan att ndmna
vad det &r. Aven valuta dndringar till USD har gjorts i bltt for att
underlitta forstdelse.

- Tre rdda punkter i en intervju betyder att det inte har gatt att hora vad
personer sager.
Tre svarta punkter i en intervju betyder att ett stycke saknas. Hela
stycket skulle ha gétt att transkribera, men stycket inte ar relevant for
projektets syfte.
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Interview 1: George Nyamu

Date: March 27, 2014

Area: Headquarters in Kikuyu, Kenya
Organization: KENAFF
Interpreter: -

Present:

Jennie:
George:

Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
George Nyamu — Programme Coordinator, KENAFF

What’s the different tasks in the KENAFF and KENDBIP?

So we have two different --- We have KENAFF which is the Kenya National
Farmers Federation. That’s a new name, we re-branded end of last year I
believe it was mentioned to you. And we said are gonna --- and we are going
to a new office we need to have a new name and we felt that the old name
was kind of loosing the lead between ourselves and the farmers. Because we
are actually a farmers organization. So we re-planned to KENAFF. So
KENAFF is a legal institution and a farmer ship organization that has a long
history, 75 years.

KENDBIP on the other hand, KENDBIP physically stands for Kenya
National Domestic Biogas Program, so that is a program that is implemented
by KENAFF. So we are a program within KENAFF. KENAFF has many
programs. I think we have some like 13 or so programs, all of them
addressing various issues and trying to improve enlightening for the farmers.
We are a program within the environment underneath the energy department,
or the vision of the organization so it’s just a single program. So there are
other programs that has targeting things like coffee businesses, green
businesses, or those other things. So in our case, here we are focusing more
on environment, plant change and of course renewable energy is a part of
that.

You have the background of course and we were founded by the Dutch
government through SNV and Hivos. So they are our key partners in the
implementation, but we are the people on the ground so I have a visit or from
this case once in a while and we do a lot of different things together on
paper. And then in the field, we actually drive their activities in the field.

We use the infrastructure of KENAFF in the field to drive this program. So
KENAFF has regional offices at county level and district levels, so we have
our people there who are doing that. As a program we have stations
engineers, biogas engineers, we have mapped up the country and we have
statured about 11 biogas engineers across the country. And their main roll is
the technical backstopping for the BC’s, providing technical support.
Training them and when necessarily actually providing likeness for
upcoming partnerships and then we’ve also worked a bit hard to trying to get
these constructors to form associations to find it easier. So we have regional
contractors associations and this platform is able to have regular contacts and
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Jennie:
George:

Sara:

George:

Sara:
George:

communication with them when the essence cut across the sector we are able
to get quick feedback and when we have communication directly with them
we are also able to do that fairly fast.

As a program we are a PPP, public private partnership, we have a heavy
sediment present in our program in terms of policy making and
implementations. We are hosted by the ministry of energy so we have the
Kenya, the director of biogas in Kenya sharing with this program stirring
committee. And the stirring committee brings a personal board like ministry
of agriculture and the ministry of livestock. We also have other committees
like energy renewable committee on board. So we try to bring as many
actors as possible that we think have a roll that can help us push the
application of the technology. The roll of the stirring committee is to oversee
the planning, the implementation and reviewing, that’s mandatory, what we
do. But then the actually action of implementation lies within KENAFF and
we are a program team now within KENAFF. So I am the program
coordinator and have a big team of people here, some are engineers, some
are not engineers, depending on what they are doing. And more or less this is
the relationship between KENAFF and KENDBIP.

And what do you do? What is your specific tasks?

I am the program coordinator. So as a program coordinator I am responsible
for the planning, implementation and management of the program.

What are the main reasons for this program to be so successful compared to
other biogas domestic programs?

I think we recognized that the private sector is actually the center pull for
this in successful developing program. I think that is something that we took
notice of pretty early and we embraced that as an approach and therefore has
our focus has physically been to empower the private sector to activity take
up the rules effectively so whether there is a as private entrepreneurs
constructing biogas plants for their private organization, we see it as
extensions, providing or stocking or importing various of plants even
feedings. So our roll was to strengthen those particular actors so that, as they
grow their business, as they expand it, as they develop capacity, then we
automatically have our word spread. There is a positive site of biogas, it was
that we grew very fast and we took it up on ourselves to retain the roll of a
developing demand. So especially in phase 1, we did a lot of work on
developing the demand, a lot of promotion and marketing and that kind of
things. And then gradient we have been transferring these rolls. Then private
sector also. So operation now is we concentrate more of the above light
marketing as we leave the actors, the entrepreneurs to do the below
marketing.

And the entrepreneurs are the masons?

Masons and contractors. So we have different. Masons are physically a
individual person who install the biogas digesters more or less on his own,
alone. A contractor is on the other hand a transition of a mason towards an
institution. So a contractor may have improvised other masons so he can
have a team of 3, 4, 5, 10 or 12 masons working for him. He is more of a
company, actually a biogas company.

So our wish is to see many masons drift towards becoming contractors
because that accounts their compactly and they will be able to plan and
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Jennie:
George:

organize their own business. So they take the roll of managing their team of
masons and therefore they can actually be able to survive flirtations and
distributions in the market.

During these 5 years, what have been the main challenges?

I think the biggest challenge has been quality management. Because biogas
as a technology you are pretty award that it’s involves fairly simple but
complicated engineering principles. The issues about levels, volume and
highs and that kind of things. SO when we select mason or when we train
masons, what you realize is that you bringing a total new concept, you
introducing a totally new concept to these people. This is not bricking. It is
more than bricking, because a brick provides balances on the other. The
building will stand. With biogas there are intrigues that need to be seriously
focused on and looked at so if you are not able to get these things right lets
say pressure, high, its volume then the whole thing gets messed up. So the
biogas digestion has three components: the inlet, the digestion chamber and
the expansion chamber. If something goes wrong with any of these tree, in
terms of their relative high to each other, in terms of volume to each other, in
terms of anything that can result in problem. Pressure yeah if any of them
especially the gasoline chamber. Then the whole thing does not work. SO
you end up with a facility which is there but doesn’t work or even if it works
it doesn’t subentry the farmer as expected. So that was a big challenge. And
then when the mason go there, the first plan they are doing --- some of these
thing. So initially you have a lot of errors. So in most of them they are not
intended. But maybe I can assume an extra. To enchase we do not cause a bit
of issue or of the mortise becomes to thick now so I loose 3 inches in the
process the whole thing becomes complicated. And then you have poly
functions in plants or totally non functions plants. That makes it very
difficult for you to get the next client. Because if the neighbors see that their
neighbor has invested time and recourses and the thing is not functional, then
why should I invest?

So during the first year of the program we had a big challenge on sorting out
non functional plants. We even had to do a lot of repairs ourselves because
what we did is that all along we have maintained a guarantee for the plants.
So we are assured the costumers are provided the plant in done by the person
by us we take responsibility in case it doesn’t work. So initially we had ---
let’s say something that masons and contractors polish as they get one more
experience so that they can realize if this is a missed point, you are in
trouble. If you kept this the wrong way they you are gonna start the whole
plant over again. So gradually, because that has involving the last 2-3 years
we haven’t had too much about that. I think that the big challenge that we
had is subsidize, these one had subsidizes. Subsidize are a nice thing, if you
give subsidize in anything, of course it will be very welcome. The advantage
of subsidies of course is also quite clear because one thing that develops and
carries some dependency syndrome in the market but also it lowers the
market prices. Because you realizes that since you were given a subsidy
about 250 euro you will find that most targets are also paying, that’s in
figure.

As much as we were saying we are a free market kind of playfield that was
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not really true because we had that subsidize coming in and starting the
market. We were only giving subsidizes for a specific design. So it made that
if a farmer is going to benefit from the subsidize, then he had no choice but
to take the design we were promoting. In phase 2, we have re-looked at that.
We don’t have subsidizes and we are promoting a sorted digesters now. We
took the first phase as a trial phase and we evaluated several designs. We
have approved 3. So we are telling the farmers now that we are giving them
options, we are here as a program and the same guarantee which is provided
for our Fixed Dome, we also provide fro these other ones. So we are saying,
weather you are going for design A, B or C we are still confident of the
performance, that they can actually take responsibility for its non
performance or performance.

But you said when you have a subsidy you become reliant on the subsidies.
What do you mean by that?

What happens is that the farmers, they are the costumers they are actually,
they will invest in a digester on that the subsidy will be given. If there is a
chance of subsidize, like we removed the subsidies now, they feel like things
are not right. They are looked down to, to get the whole amount from their
own pocket.

You had a few collaborations with other organizations and companies, which
are they?

I think there is a total about 160 or so partnerships. So we cut a couple public
intuitions like Kenya br-standards, Kenya Industrial Research Institute,
universities like Yomkinmata University. We have form the private sector
many many many partnerships. I don’t even know where to start. Some are
very localizes, because when you go you an area then you get an institution
which can be useful in that area and we are good to go. Also, a slighter
higher regional and that is good to add, they are actually national.

So do you have any collaboration with other biogas programs within the
country?

Currently actually there is no other biogas program in this country, currently.
But then the institutions are to establish in deeply biogas programs like for
example there is an association for biogas contractors. Yes, or actually there
are part of program and actually they are represented in the program
committee. But we don’t have another National program. But we have, |
don’t call them program, but we have small initiative community initiative
on biogas, a few founded by UNDP, specifically targeting preservation of
the environmental among Kenya. Yes we have proper partnerships with
them. We have another one founded by the European Union through South
Africa, that is working in some parts of Rift valley, the mountains.

But do you have international collaborations?

International yes, very much. Because as [ mention we are an African biogas
partnership initiative. So we have very strong collaborations with country
programs in Tanzania, Ethiopia, Uganda, Ruanda, Senegal, Cameroon. Also
coming up Mali now, in fact they are visiting us next week. And Zambia,
Zimbabwe.

So it’s only in Africa?

Yes only in Africa. Then of course we have the SNV. We have a lot of
linkers with Nepal and Vietnam.

So are the other countries in Africa as successful as you?

No, we are the best in Africa. We are proud of that.
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You should be!

Actually from last year I think Africa did about 30000 or so digesters, and
we were responislbe for almost 120000f that. So we outshine the whole list
of countries I’ve already told you. We are comfortable more than 1/3 of it.
So the other shares the rest of it, yeah about 10 or so countries share the rest.
Have you noticed any special results from these collaborations?

Yes, a lot. Especially in times of capacity of some wonderful experiences
across. Because everybody operates fear automatically. But then the
experience sharing has been very very useful. There is something to pick
from everybody. There may be slowing times of getting the numbers coming
and there may be slowing times of quality. But then you also get something
nice, something beautiful, for example about slurry translation. In one
country you will get another idea from another country in times of partner
management. So you get something from another country in times of
ecological developments like Tanzania says “Hey, our country is very
drought, we need a digester that uses less water”. And then we say “That’s a
good idea”. It’s been down there, % of Kenyan --- are also agreed sowe can
borrow that technology and bring it here. So there is a lot of that. We
physically have a minimum of at the last I think 3 interacting sections per
year across these countries.

Do you think that is a factor, so you can help them to be come more
successful?

Yes. In fat we are a point of referent to many of them. “How does Kenya do
this?”, “How does Kenya do that”. And then on the other had we also ask
them “How do you guys manage to get..” something that we are not doing so
well here and somebody else is getting it correct.
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Interview 2: KENDBIP responsible

Date: March 26, 2014

Area: Kikuyu, Kenya
Organization: KENAFF, KENDBIP
Interpreter: -

Present:

Sara:

Bernard:

Sara:
Bernard:

Jennie:
Philip:
Sara:
Philip:
Roda:
Philip:

Jennie Boérius — Student of Chalmers

Sara Helmrot — Student of Chalmers

Roda Kilonzi — Promotion and Training, KENDBIP

Philip Minrdi — Biogas Engineer, KENDBIP

Bernard Mulandi — Finance and Administration Officer, KENDBIP
George Wakesho — Monitor and Evaluation Manager

Ok so just to get the picture, how does the journey from when a farmer
wants a plant to when it’s installed and working look like?

The program is built by ten components of which promotion is one of them,
training is one of them, quality control is there. So when a farmer wants to
install a biogas plant there are artisans, or masons, which we have trained
who are out working in the field to be able to give information to the farmer
and to initiate the installation of plant. So there are steps in in the
installation of biogas one of them being sighting. So for example when a
farmer informs a mason, so we link them to the mason and the mason visits
them and this mason is an extendage partitionare. So they go to the farmers
homestead and they try to find which is the best area where the biogas plant
can be built. And then from there now the farmer is advised accordingly.
They watch if this farmer has the capacity to install biogas in terms of, for
example you must have cows, that is two cows. If you also have other
animals it’s ok but they are not so supportive. We are purely promoting
biogas that uses cow dung. So if that data is collected and it is analysed and
it is fixed, then I mean the biogas plant, the design of the biogas plant, the
farmer wants to install then they sign a contract with a mason. After signing
that contract, now the farmer is given what you call a bill of quantity. The
bill of quantity depends on the farmer to supply the material that are needed
by the mason. Then the mason starts constructing the biogas plant.

So the farmer gets all the materials?

The farmer is supposed to get all the materials, otherwise the farmer can still
contract the mason get the materials. But for ease of cost management we
want the farmer to provide the materials so that they don’t complain that it
is expensive cause of. We’re also working towards minimizing the cost of
the biogas. And sometimes the farmer may be able to reduce the costs in
terms of labour. Some of the farmers carry sand, carry the stone which can
also reduce the direct expensure.

What kind of digesters do you use, do you use the same all over?

Yeabh, initially we’ve been using the same all over.

What’s the name of it?

There is one model we call Kenbim.

Kenya National Domestic Biogas Programme.

Those are fixed dome which you build with bricks and water. Currently
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there are entwelves of biogas plastic bag as manufactures in the field. So
you also have the plastic digester in the field so those are the two major
models that we can talk about. We have the Kenbim, but the Kenbim is not
a fixed dome which uses the bricks and water. And then we also have the
plastic digester, this type of digester in manufactured industrially.

And the plastic one, is that underground or above ground?

It is above.

Why do you have the plastic one, is it better than the other one or?

It’s to increase the options for farmers. Because some of them would want
to, ok and so it depends on first of all the cost and also on the usage and of
the space and mobility. Cause the plastic one, if you want to shift it from
one place to another, for example the pastorories you can be able to and
walk with the digester [laugh]. --- The other thing is that plastic
manufactures would want to just copy business. We see an opportunity in
biogas so they want to manufacture and sell. The other option is that credit
institutions find plastic digesters more affordable because they can easily be
attached. These factors combined are actually seen as consideration of
installation of plastic digesters.

And even the cost of waiting for the other fixed dome. You know when you
do brick, you have to brick two inches all around, for three weeks. By this
time maybe somebody, they’re eager to start losing the costs. So people may
opt to go for that instant one, which is the plastic one, and then wait for the
brick one to be done. Then the other will take you one month.

The brick one?

Yes, for you to start. By the time you make the decision that you need
biogas, by the time the mason is on sight, by the time you can start using it
then it will take one month. So in particular to go for the plastic one you just
need to organise the shop and maybe tomorrow evening you’re cooking.
Which one do you sell the most, the plastic one or the brick one?

So far the fixed dome. We have around 11 600 plants so far, up to
December 2013. We have 400 more for January so we have almost 12 000
plant. Still most farmers will go for the fixed dome, but remember the
plastic one are relatively new to the market and like the fixed dome, which
are almost five years, the plastic ones are relatively new in the market.

And most likely for someone the plastic one is convenient, to have the
plastic one. Because with that one you will not be involved in bringing
materials, the masons in your homestead for a week or so, even two weeks,
so if you feel like the plastic will do better, you go for the plastic.

So it’s quite easy to go for the plastic one?

Yes it’s quite easy. Actually it takes some hours to install when the other
only take some days and there’s also time for the for curing before you start
fitting.

So it’s more like buying a new cooking machine?

Yes.

And the lifespan for the plastic one, do you know that?

One of the technicians who are at the company manufacturing plastics that
were saying that the lifespan is 40 years. But the operational lifespan for the
digester is about 20 years. Usually we say 20 years for the masons installed
the digester, after you need to renovate and put it back into use. But then we
spread the steadied lifespan of plastics. The pioneers in digesters they
started with, most of the plastics had one fault or the other. So it cannot be
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proven that it will be that long. Although in Kenya the first digesters was
installed in 1954 and some are still operating. So you can’t tell how long it
will last.

The plastic one, what kind of plastic is it made of?

They say that they use UV-treated plastics. I am not familiar with the
chemical nature of this plastic they use but every time I hear about the
plastic I hear it’s UV-treated.

And that’s what they, the plastic that they use can last for 40 years.

Does the plastic and the brick one have the same design?

The design principle is the same.

Are there a certain part that usually breaks first on the digester?

Usually the dome, but only if the proper construction procedures are not
followed. The kind of digesters we build, they can be fixed by a mason.
There’s usually a lymping in the interface between the digester wall and the
dome the constantly part. Most of the digesters which have had weaknesses
in the dome, we realise the rain beam was not installed. But where the rain
beam have been installed there are no issues.

Is cow dung the most common feedstock?

Yes.

Are there other feedstock that they use as well?

Mostly we have cow dung and pig dung, the two are the most common. Ican
say about 95% of our digesters use that. When you do to other options like
plant materials, we have not yet explored such options because they require
some treatment aspects before you can use them in the digesters. Like one,
our design requires that we mix with water and the substrate pipe is a four
inch pipe, a plastic pipe,that really feel the cow dung aspect than the plant
material. But we have adopted the other digester called the Solid State
Design where that four inch pipe is changed to about eight centimetres, so
that one cannot be absorbed chopped plant materials.

Actually we’ve also tried to get people to connect their toilet, the latrine.
But because of the culture people don’t use it. That’s the main reason.

Is it because of the fact that you don’t want to use it or because you don’t
think it’s usable?

They know it’s usable but in their mind they don’t think it’s clean, once the
pipe is connected to the toilet.

So that’s not a future option, to apply toilets as well?

Over the last five years, is there any plant?

Yeah, we’ve actually, the design was prepared to put that as a future option
where there is an extra pipe for the toilet connection. Maybe the perception
will have changed and therefore somebody will feel that now I can use the
toilet and they connect. So some of our digesters are prepared with an extra
pipe for future connection. A few are directly connected to toilets and are
using the cow dung waste.

Is there something that you do to the cow dung before putting it into the
digester? Is there some kind of process or do you just put it in?

In the cowshed there are cows that go into a willow barrel then transferred
into a constructed mixing chamber close to the digester. Once it is placed in
there, then you put an equal amount of water, or urine, and then it is mixed
with a stick or a garden rick. This garden rick will help sort the materials
and then the pipe is opened and then it’s released to the digester. That is the
only preparation required.
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How long does the part of the process for the digestion take?

We usually say the attention period is about 40 to 60 days, depending on the
climate. Realise we’re in the equatorial zone but know equatorial climate, so
various regions has different temperature ranges. So best one is the Braso
Felick temperature range which is between 25-33°C, that’s average. That
complies with good detention time of 50 days average.

So you refill every day?

You refill every day. But we expect the resting time in the digester to be
about 50 days.

What kind of maintenance is important for the plant?

That is first of all the after sell service that we normally give farmers to
make sure that it’s working on daily bases. Because if the plant is not
working on a daily bases they don’t feed it for like one week, the substrate
may solidify, it makes the gas not to come out. So it has to be maintained
almost every day by adding, so feeding is a major task.

And you have to do it every single day?

You don’t have to do it every single in case you don’t have enough
feedstock but two days at most. In those areas where people are not
producing enough you don’t have cows that can give you enough dung.
Most of the plants we have done in a potential area, biogas potential areas.
That’s where the farmers have cows and can maintain on a daily basis. Then
the other maintenance work is to make sure that, now the slurry which is
coming out after it has been digested and the gas have already been used,
then you also need to provide some compost pit for it. So you have to make
sure that the plant has no block, because of, for the by-products.

Generally we also train the farmers with the digesters on operational
maintenance, we have a poster that we issue to them. As the owner of the
digester you are given a manual or a poster so that you see what you’re
acquired to do every day on your digester. They are now also trained on
now to some technologies of utilising the slurry; either use it direct in the
farm, make compost, kitchen garden, many things that they can do to
produce food, organic food.

So when they’ve decided that they will have this kind of plant, then you
supply them with this poster?

Yeah. After the plant is finished you are given a poster on operational
maintenance. Actually the other designs of digesters are starting them this
year. In KENDBIP oan we are promoting the fixed dome Kenbim and we
had the poster for them. So even this one we are preparing to be able to give
them, depending on which design you have decided to go on.

And the poster, is it like pictures or are there words?

It is pictures because the class that you are dealing with, they’re not all at
the same level. Some may not know how to read technical things so it has
just been simplified in a pictorial form so that anyone, despite of education,
is able to understand.

Then the whole family can read it as well?

Yes.

Which are the most common technical problems you have with the plant?
The most common technical problem we have is the high farmer
expectations, especially when the plant is new. You find that in the
marketing state when the masons sell their ideas, or the biogas, to the client
you overstate that this plant will make you see TV, many of those things. So
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when you look at the details that the farmer requires out of a biogas plant,
the gas can only be used for cooking and maybe one biogas lamp. So when
the aspect of the electricity part is brought in then now you have to tell the
farmer how much quantity of gas that is there, or expected by day and what
it can do, especially the running time on the stove and on the lamps. That is
one. The other one is plants failing due to bad clough preparation and
maintenance. You find that the structural root by then the farmers won’t
have enough waste. Or sometimes due to drought the animals migrate and
therefore the feedstock gives down and the plants don’t operate optimally.
The other one, which is the major one, is the cracks as I said. You realise
that in the construction aspect a trained mason can use a skilled conduce in
the village where the plant is constructed. When the guy has done his work
and is gone the unskilled one will blame the other people. Then skilled
workers, the casuals, will claim that they are the people who constructed
that one. They will be marketing themselves to the neighbours, that they are
the people with the skill when they take a job or attempting they do. So
cracks, operation and expectations due to poor workmanship.

Is it possible for you to solve them, the problems?

Yes, all the problems are solvable. Like one: which it comes to expectations
we prepare the brochure with how many hours of gas you can expect from
each biogas haze (digester). Then the operational maintenance you’ve
posters with the dos and the don’ts. With the issue of cracks, appearing due
to poor workmanship, sometimes I am forced to go to the ground, empty the
digester, inspect it. If their specifications were not met we redesign and then
demolish a few parts and reconstruct and put it back in use.

Then you have the rain season, does that effect the biogas plants?

For the fixed dome, the rain season does not make a difference since most of
them are under ground. Especially in Kenya, even if it rains in some way
within the day the sun will appear. What it means is that the soil can pretase
almost constant. Therefore that heavy fluctuation performance is really not
there. But there are also some very cold regions, especially the Abardares,
Abardares is some highlands near Mount Kenya where it can get very cold.
So that one you will aspect at least reduced production.

The biogas stove and the lamp, is that something that’s included in the
package? Or do you sell that, or do they buy it from another place?

As a program we only promote, but we allow the sector to actually bring out
the forces of supply and demand to our market place. This is to say, the
entrepreneurs we import all make the stoves. The lamps are all imported
from China which is the source of most products. But now we have actually
demarketed the lamp. Simply because the solar lamp has many more
advantages over the biogas lamp, so therefore we enfaces that. Instead of a
client purchasing a biogas lamp he should actually take the option of the
solar lamp. One, the fire risk in a biogas lamp is very high compared to a
solar lamp which is zero. The second one is the lifespan, the glass in the
biogas lamp can break any time, replacement is a challenge. That risk is not
there with a solar lamp. The third one is the portability aspect. Solar lamp,
you can use it anywhere but the biogas lamp will be fixed somewhere. The
fourth one could also be on the aspect of maintenance cost. The solar lamp
has zero maintenance cost, at least for six years. A biogas lamp you may
have to replace the glass and the mantle as often as they break down. And
then also the efficiency, a biogas lamp is only 3% so we prefer the clients to

64



Sara:
Philip:

Sara:

George:

Sara:
George:

Sara:
Jennie:
Philip:

Jennie:

Philip:

Roda:

Sara:
Philip:

Jennie:
Roda:

use the biogas for cooking. Unless in extreme cases where the client is
insisting that they has to have a biogas lamp. Pricewise they cost the same.
The biogas lamp and the solar lamp?

The biogas lamp and the solar lamp. Then in the plans, apart from cookers,
our major products come from China but also, there are also many modified
LPG burners which people prefer to use. Because at the time as somebody
has spent money on construction there may be little funds left to buy you a
burner. Therefore they prefer the LPG type to remodified before you use the
biogas. Those are the two main appliances that we have.

So the biogas plants are financed by the farmers but we read that you have a
subsidy?

Initially when the program was in phase one there was a subsidy of 25 000
KES. The main aim of the project, of the programme, initially was to
stimulate a market oriented biogas sector. So for us to do that the subsidy
came in, for the initial stages for the first phase of the program. So the
subsidy went on up to last year. It was reduced, we were starting dwening
(fr dwindle) it off when we saw that the demand for biogas went up. From
this year, in phase two, there’s no subsidy. We’re just promoting it when the
farmer meets all the costs.

Then you have all the credits that you can use?

There are financial institutes. So what we do is that we just link the farmers
to the available credit in the market so they are able to access the credit if
they’re interested. We also worked with them for them to be able to develop
a biogas forecast credit.

If the biogas plant breaks the first year, you’ll come back and fix it?

Like a guarantee?

Yes it is actually the masons who go back and fix. There may be cases
where they’re unable so we provide the technical assistance. Our part is just
to enforce the guarantee.

But it doesn’t cost anything to maintain the biogas plant during the first
year?

Actually the maintenance cost is about maybe the price of a biogas lamp.
The other one could be the payment of the workers who actually have to
feed. But we realise that in order to not increase the salaries of a worker
because of the new added job of maintaining the biogas plant, we also pipe
the biogas to the residents. So when they train the clients we actually
maintain without thinking of being paid. The other costs when a gas pipeline
has broken down, for any other factors, especially when there may not be
the PVC pipes then the client can spend money to actually repair.

And on the side of the mason the cost will be maybe for going to say the
plant sometimes they can drain them just to make sure the plant is working
well that’s part of the after sell service for the customers.

The PVC why dose that break?

Many things can lead to the breakage of the PVC. It could have been
installed incorrectly, or somebody is driving a heavy vehicle on it when it
passes or somebody was digging a dredge and breaks it when they dig, those
factors.

We read on a few places that they can sell the slurry, the by-product?

Yes that’s one of the things we’re expecting happening in the field. Already
we have some groups that have started marketing organically grown
products, on the organic market, which of course the cost is slightly high.
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We have some farmers also that sell to their neighbours, the slurry, their
family. We also have some people draining and packaging as fertilising the
market. Those kind of things are coming up slowly.

Is that something that you promote from the beginning, that you can sell the
slurry?

Yeah. We’ve been doing that with some service providers, people from the
sustainable agriculture institutions, and those are some of the things they do.
But we aspect of course for somebody to feel the importance, or more
benefits, of the biogas digester than you have to fully utilise forth comes
with it. Part of it is selling the slurry, sometimes we have too much.
Actually it can even be a menace in the home if it’s not handled properly.
So let’s say a farmer takes a loan to buy a biogas plant, how long does it
take for him to repay the loans?

Years.

This are things that are ... by the finance institutions. Some they take one
year others two years, depending on the arrangement between the farmer
and, and even the ability of the farmer to pay the loan. Because some are
able to service the loan in one year and some even up to three years.
Yesterday I saw a service provider with a credit who can give up to 300 000
KES, but you pay in three years.

How much does a plant cost?

Here in Kenya the direct cost is around 765€.

Are there any government agencies involved in this, in the finances?

Not directly, but the programme is designed to partner with the government
in terms of direct partnership. From the background the government also
supports the programme. For example the crafting of the regulation of how
the sector is supposed to be working. For example the biogas standards have
been steered by the government department. We also have training
institutions that now are supposed to be doing biogas and they’re also
government based. That is the kind of support that the government has done
so far.

The feedstock, is it initially a problem for he farmers to get rid of?

The cow dung is supposed to be fed when it’s raw. Immediately after it’s
dropped or if you do night stabling in the morning you collect the dung, put
it in a bucket and also put an equal amount of water, you mix it properly.
Then you put it in the digester.

Now the by-product is ultimately been digested. What you get out of now is
the bio slurry.

Before year we have some areas were the dung is an issue disposing. So
when you tell somebody you can have a biogas which is going to use the
dung then they do it. Especially around Nairobi, in Kiambu County, the land
is small and they have many zero grased animals. In fact we even have some
cases where you have the digester and still you have a lot so you throw it in
the farm raw. In some areas you find it along the roads, because you don’t
know where to put it.

So this is a solution?

Yes, it’s a solution.

Then from there, the next stage was, ones the construction is completed, the
masons specs with the ones the plant has been fed. What has been working
that is another form to be, to be signed to confirm that it is working. Then
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the next stage, because of the subsidize of, the farmers will come to the
office, so we have to confirm with the farmer the farmer that their plant is
working or not and why it is not working. Ones we have confirmed that it is
working, we will write it down in the form of subsidies. So in the form the
farmers decides if the subsidy will go to him directly to --- cover the labour
costs for the masons. So if he decides to cover the labour cots, the subsidize
will go directly to pay the masons. Then after that, then what usually
happens, after that we, as the plant is working there can be an issue. The
farmer has all the contacts so he can report to us. We have our database
where we save the information so we know which masons constructed the
plant, so we are able to call. So for us to be able to give the finances, to that
time defends work finance to do maintain answer. What’s used to be done
outside this subsidize, we use to subtract 10%. We don’t pay them all. We
retrain 10% of the subsidy, so that if there is a problem with the plant, that
10% are kept from them here. So that if there is a problem the mason who
was suppose to be paid labour costs, and did do a good work, but there is a
problem with the plant, this money can be used for the repairs.

In phase 2 things has changed, they are trained to, because of the private
sector wants to be heads of the digester association. So, as I told you the
biogas has associated, and we have tried to strengthen the net, so that
masons can come and develop. One the curriculums to be national so that it
can be used in all the institutions and for that curriculum you need a
certification so that a farmer can ask when he wants to install a plant, she or
he can ask for the mason if he has a certification to do that. Then also what
we train, because some of the masons I’ve know they have had companies,
we are trained to encourage them to help their own town and supervision,
they can install their own plants so that we don’t have to come. We can
oversee, but we don’t have to. That is how they are trained.

What was the other thing then? The criterion and certifications for..

The criterion develop with how they be taught and what somebody thinks to
be expected from the masons. Then, ones this curriculum is completed we
have a national agency for construction that is called ---. It’s a national
agency for construction in Kenya, so that one will be, it will be their
montage. Once you’ve gone through that training, for them to give you the
certificate to certify them, so that you don’t just want them to do their own
things, so that the second kind to be, can be guided. So, that in the future, if
they join the programme, the vision will be that the farmers will be able to
ask where the masons have a certificate or not, if there is an issue we hope
that the biogas association will be strong, so that they will be able to backlist
that mason! Currently the programme use to do that and what use to connect
us to the masons use to be subsidizes. But now that, they know the idea that
we have their money. But now that things changing, we try to strengthen
this other institutions to be able to do that work.

So right now if a farmer has a problem with the digester, does he contact the
mason directly?

Yes, if a farmer has a problem, we are still there, we assist a transition, but
we are not completely in touch ourselves, we are trying to wheel relay
ourselves. But if a farmer still contacts the office here, we have all the
contacts for the masons, we will be able to call the mason and then find out
how the farmer can be helped so what we are doing to encourage them to
construct, we are and also for us to get that our of them we are giving them
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a small talk, just to help them in that direction.

The masons?

The masons. The mason also goes to the farmer, because now we don’t have
the subsidy, he goes to the farmer. If he is able to fill the other household on
a shift, it’s called “Biogas household on a form”, so if he is able to fill it.
Once he bring to us the form, the money that we are suppose to use for
promotion, we give him a small part of, because the costs around, the
facility and so. So that’s the way we are able to help.

So you give the mason money?

We give the masons money. It’s a small amount of money for them, because
we have to give them for them to collect information. If we don’t somebody
can construct and he doesn’t have to you because he is not helping you. So
that’s what we currently are doing.

So, your big thing that you are doing is this certification for the masons?
The certificates from the National agency construction will bring you?

That is the process. So, what we will do they will be certified from there
they will be destiny funded, then there is a photo and a license for
construction. They can just go through some process here, but all the
masons will have to be certified. So that if there is a problem we can face,
and then decide what should be done. Like face the law of the government
and we don’t have to initiate what is used to do, with the blacklist you, or
inform all the people in this section, we are supposed to call the instructor.
So if you got this, everyone will know. But for us it is just to stimulate. And
now, as we look in the future, we will have those rolls to maintain a sate
process.

Do you choose the farmers or do the farmers come to you? How is the
process going?

No, we don’t choose. How we promote? There are very many ways. One of
them is going on local radio stations; we talk about biogas at those radio
stations.

And all the farmers have access to radios?

They have access to radios. They can listen and then they contact us to find
out what, then we connect them to the masons in that area. We also attend
shows. In Kenya we normally have farmers who we directly display what
they are doing, se we attend to display what we are doing. So from there we
get farmers. Then there are also fairs, for those farmers who have the
technology, they inform others, so others see. Then they also want and they
inform us, and we have at least, there is a book lave, there is a least amount
of masons in each region. So the farmers are able to contact them.
Sometimes. Those are all masons that we have trained. Se we can be able to
direct the farmers. Also there are other organisations. We partner with other
organisations which we can not reach, for them the employment means to
promote biogas. For us, we just facilities them, and give us their numbers
they have that they have been able to construct. This business is what we do.
But the most that has been working is the fairs. Also the masons promote.
Because they can come to an area like this, they go to a home where they
have seen at least two cows and they see that these are potential biogas users
and they talk to them and say that this is a good technology and a good thing
to take.

And also field days which they have meetings in public where we tell them
and show them demonstrations in public, documentaries and newspapers.
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And when you talk about it, do you talk about how it works or more of the
benefits it brings?

Yeah, because of the technology we don’t go deeper in the technical. But we
do is that we give them what it will benefit them, mostly what will benefit
them.

Because it is also expensive.

If you take up this technology what are you saving yourself from? So one of
the things we can talk about is instead of using firewood they will save a lot
by constructing this biogas. We also tell them about the slurry. If you
construct, you can be using this for production of the corps, so we tell them
about that. We also tell them about health issues like smoke, that’s the main
things. We use a testimonies to metal where those ones that have, they are
going to be able to talk so we can court how they are benefited.

Case studies.

And you, do you have an education about biogas? Or is it more that you are
interested in it?

We don’t have an education for.. For us we have in the programme. In the
programme we have, yes some, each person that is working with biogas has,
yes orientated in biogas.

On job, not in college.

Only job. But now we have like 11 engineers.

Yeah, biogas technicians.

Now the learn was the only thing. Those are the technicians, those are for
technical, and they are trained for, like design. Then we have the project
management of course, who is going to manage --- making sure the
activities are completed what we have planned. So things work and are
organized for trainings and also on an extension and slurry, all those things.
So we have different, and we also have the managers. So we are mixed. We
have those who are trained technical but for us we have not got biogas
training because we don’t really design so we don’t have that background of
engineering.

Then we have those who asked whether we a lot of demands how we select.
No we have not yet reached there because in fact we said we just removed
the subsidies the other day. The subsidies are not there so from January up
to now we are doing without subsidies and the target farmer, the person that
we wanted to reach, even when there was subsidies, we don’t think we will
be able to reach for them because we found that most people of the
digesters, they are also people who have some income. So there are still that
persons down there who can not afford although they need it. And those are
the people who do cause destruction in the forest who use the firewood
more, yeah those kind of.

Because no subsidies, they can’t afford. It is expensive so the subsidies were
not enough all the times.

... (Showing a map of Kenya and in which areas they have the majority of biogas plants)

Sara:
George:

Jennie:

How come it is there?

Because most people here, they are federal, because most people have the
right mixed conditions, they have at least two cows, and most of there
because of launch, they don’t have big farms, they are very close to their
animals.

We’ve seen a lot of goats, but you don’t use their dung?
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The problem with

The goats the dung from the goats you need to church them, it can cause, it
can form some crust. So you need to crush it fast before feeding it into the
digester. We don’t use it much, because got the time. The people to collect
the dung from the cow and chicken is very good, if you can get plenty of it.
And I understand there is a farmer here in the area using that current.

So there are the difficult to the goad dung, because people don’t have
enough.

Are you the only or the main biogas programme in Kenya?

Actually there are National implementing teams for domestic biogas located
here in Nairobi. But we are the mainly, but there are other organizations
working with biogas, but we are the leading.

How come you are so successful compared to the other ones?

Because Kenya is actually leading Africa. Although we are almost last to
come in from start. Tanzania started two years before us, Uganda too.

And now you are the leading, why is that?

Maybe because of the farming system.

Also the farming system they are open. I think we had an aggressive
promotion strategy. Because we started aggressively on promotion. In the
first phase it was like be the best, we didn’t care much about the plants that
people were construction but to keep on pumping the message.

Also in the project to design, we were suppose to be doing seven counties in
one year. It was a 4-5 year of programme, so that when we started and
resolve all over we also went national. So we are no longer constraining
them to phases just work full blast!

Because you numbers, they are quite high. If we compare you to others. We
have read a lot of reports.

We read that usually, to estimate, they bring out 30-100 digesters a year,
and you’ve only been on the market for five years and you already have
10000?

In last December we had almost done 800 during 2013. I think also once
you do, you focus on quality and a farmers sees that it is working they are
ready to actually invest in it. But the problem for the other projects, that has
not been successful for biogas in Kenya before us, the problem was their
issue of quality and also they were dealing with the bigger digesters that
were too expensive. You could only get in region one. If you adopt the big
one and there is a problem, you don’t know where to go. It’s too big.

The people who adopted the big ones didn’t require all that energy. We also
trained a lot of masons in Kenya, so if you want a digester today you just
look for a mason, they are everywhere in Kenya, so if you need a digester
here in Nairobi there is someone here, they are everywhere and they are
looking for businesses.

It starts strength as well. We read in many reports when it hasn’t been
working it’s because some of the farmer, when the plants are broke they
can’t get any help because the masons are verify.

That’s why the masons can not come back.

And even if the farmer could, he cannot waste. That what is used to, it used
to, you go for like say maybe 300km to a farmer or if you are already at the
farmer, you need the farmer to arrange for you that recommendation that he
has to be prepared to pay that costs, and you are not alone, so by the end of
the day it is to expensive. But distributing there masons has really helped us
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to really train them in every area.

And then they keep spreading the word?

Yeah, and they keep on promoting.

It is their business, it will be greater employing.

We are just helping them.

Some of them have even formed companies and we expect them to continue
working even after the programme, because that is their co-businesses. They
have employed others, making companies. So you find somebody doing a
round-lines of tons because he has masons and he originally was a mason so
he as grown, promoting others.
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Daniel Gichuhi — Administration Coordinator, REFCEL
Andreki Wambuga Gikuhi, B.C.E and mason

For how many years have you been in the program?

For 4 years.

How did you het in touch with the KENDBIP?

We’ve started some biogas projects with the company I was working for.
But later on as I was marketing biogas I came about KENDBIP. Then I
talked to the people concerned in the KENDBIP and they enrolled me in
their trainings.

How were the trainings?

I think it was good. It was 2 week training. It was practical and theory. So I
did one week theory and then one week practical.

Did you have a test or something?

Yes we had a test, and then we were issued by certifications.

Regarding the different kinds of digesters, what life span do they have?
The one we are currently building, they have a life span of 30 years. So far
they are doing, performing, well. That’s all we know, we’ll know in the next
25 years if they get to 30.

So, what is most important to have in mind when you construct a biogas
plant?

The first thing is costumer devotions. You have to be very close to your
clients. When you are close to your clients now they tend to trust. So it
tends, especially with the biogas, is the trusting in devotion something.
How do you manage that?

I have to keep very close contact to my one, my contacts to my clients, and
then my clients. Because I have to go through a client to get a client. So I
have to be very close to the contacts they have on the ground, the people
who call me for the biogas digester.

Do you use you old contacts to market?

Yes. What is when installing one more and referring. I had another --- which
had reached biogas, but it will in the a sell as fast as what of hoped. I take it
to the market place so people read through him about biogas. So I get
inquired. But that does not sell as much as the work I’ve done. So once I
meet, lets say I’ve got a biogas here, once they really know the type of
biogas she’ll come and see and she will also want.

So she spreads the word?

Yes, she spreads the word.

And you market? Is it you that do the marketing?

Yes, I do most of the marketing. Also I have to give comities. Especially in
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the coffe, green and tea area. When they get paid the ---, the process from
tea. So they call me and tell me there is someone who wants biogas so we
get them something, small talking.

Do they often know what biogas is?

Yes. Most of them know about biogas.

After you constructed the biogas plant, do you teach the farmer how to use
it?

Yes, conduce as training, we teach them how to use the biogas, we also give
them a handbook, sort of manual, use of maintenance manual. Just in case
there is a challenge they can trouble shift the plants.

And the one you teach, which person from the household is that?

Mostly I train the lady of the house. The wife. So she is able to go, mostly
she’s the one using the fire. So she can be able to tell when there is a
problem from the kitchen. So I try, once I get, assuming that the husband is
the one doing the financing, I’'m trying to get really close to the lady in the
house, so that she can investor of, so she can trying to get what goes on in
the biogas. But they are also very good marketers. Because they usually go
to those women farms meeting. So I try to get very close to the lady, the man
wont say that he has a biogas, but the women they talk to their need person.
What kind of maintenance is most important?

Maintenance is mostly feeding. Also to clean areas where by they really
have to wash the inlet and also make sure the overflow is a good discharge.
So these are the two most important maintenance.

If the farmer gets a problem with the biogas plant, does he contact you?
Yes, they contact me and I have to go back and assistance. So apart form my
even client, I also get clients who have been for other people. So just in case
there is a problem, I am open to anyone who is enquiry of that. I get a quite
number of enquires.

Which technical problems are common?

Most technical problems are maintenance. Maybe there is dirt in the stall,
poor feeding, piping — the cages is the piping. Like now there is this
installation I’m doing so if someone had a biogas and we’re doing such a ---
and then they did not remember to tell the people who are doing the casually
but that is a pipe. So they tend to puncture the pipe. So the client will end up
getting no gas and they are wondering what has happened. So they can’t, 'm
trying to think where is your pipe. So those are challenges. I think there is
more of use of maintenance, once you’ve started doing the gas you forget
you had a problem of gas.

Is there usually a part that breaks first?

For the Fixed Dome you wouldn’t have that. We don’t have that problem.
Especially if you use the PPC, you know PPR-pipes? The green pipe. It’s
more durable than the other plastic PVC one. So that when use the PVC
there are very many challenges. Because assuming they trained and they
ground settled, it can easily de-touch, become of use of something that tend
to glue. By ¢lans we use the electricity to band the dints. So that’s the
difference. Materials using the piping.

Do the rain season affect the biogas plants?

The rain season are, I’ve built in the cold areas, places in very cold areas,
mountains areas and I’ve not found that challenging. The only place I know
you get a challenge, and which come to the sating is when you built in
mushy areas. That one will definitely get you into problems, because it tens
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to flood into the digester. But also that should be known that the problem for
the person doing the work to advise the client not to use the biogas in the
mushy areas because when you built the biogas in the mushy areas you will
get problems with ---. Because to terminate the water. So you shouldn’t have
biogas.

Does it cost anything to maintain the biogas plant?

I would say it costs. But the cost should be minimal. What we do is that most
of this work should be done by the client because he should be able to wash
and make sure it is clean. Just like a house you have to clean. To fix a
problem like pipe or something, the cost for fixing a pipe would be, lets say
to trouble shoot a plant would cost you S000KES, that’s around $62,5 USD.
That is to trouble shoot. Because what happens with the, you trying to think
where is the problem, you might have to go to the client more than quite a
number of times. Because you try this, it doesn’t work. You try this, it
doesn’t work. You try this, it doesn’t work. And then once you get into the
problem, it might even cost more because you will have to remove all the
slurry and repair the digester. But for the trouble shooting, that would be
5000KES, just to identify the challenges. Telling the client that this is the
challenges, we need A, B, C, D.

Have you built other digesters than the Fixed Dome?

No, no. I’ve concentrated on the KENDBIP-digesters. I did once. A quite
different digester by GISE but the domestic ones is a more higher value for
the domestic biogas than for the commercial biogas.

What does your payment look like?

The majority of the digesters I do are for the labour maybe $330 USD,
average.

Do you get all the money at once or is it divided?

Spread, they have spread. A total construction would be around $1100 USD.
Because I'm counting 330 for the labour, technical work, and the 770 for the
materials which for the materials I should have bought from the clients. So, I
get paid, lets say percentage, as we start the work they pay 50%, then they
pay 30% when completion of the construction of the digester, then the 20%
comes when everything works. But at temps I also built without getting paid.
I tell the lady, because they have confident, I tell them when it’s lightning in
the kitchen you pay me in the kitchen.

If something breaks, do you go back and repair it fro free?

No, I repair for free. But now what they have to do, the labour part I won’t
charge, but they will have to pay the price of material that broke. And what
happens depend on your relationship with the client. And also what we
charged them. I usually tell them if I charge them too low it becomes quite
expensive to go back, but if I had a very good relation with the client, maybe
they got me one or two plants, I can even buy that piece and do it for free.
It’s on case to case.

Who is responsible during the building process?

I’'m responsible during the building process. I am the supervisor. I have other
masons. What I do is that I do all the supervising and all the marketing. And
then I have 5 masons who help me.

Is it usually one person who builds the biogas plant or how many persons
help?

You have one mason, then the client gives me two casuals. Because one is
the security of the home state and two the people it trust to be compounds so
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they are able to see and get that speed from that stove, get the smith from
this get the water from here. So I prefer having the casuals. And in a temp I
also have the clients. The client would decide to do part of the work. Maybe
the son or the father may assisting during the construction. So what I provide
is only the mason, who does know interpretation of the drawing and the
actual construction. Then I do the supervise whole work. Then we have the
programme also coming examine, do the final part and checking what I’ve
done. SO in that case we never have challenges with the digester.

How often do you come back?

On average I’ll have to go 4 times. First time I go to met the client and give
them the quotation, the second time is when I’'m doing the sighting,
measuring the digester, the third time is when I’m taking the fending, the
fourth time is when he is going to do the Dome. That’s where we get most of
the challenges. And then I maybe go a fifth time when it’s completed to go
and notice the whole work. And even a sixth, because I have to take the
people from the program to let them se what I’ve done. So on average 6
times.

So the last time when you go with the people from KENDBIP, is that only to
show them or what do you do?

They have to go into the digester and see what is going on. They have to
make sure that everything is good. That it is actually built. If they don’t
come it won’t be under the programme. They also do the GPS cording of the
digester.

What is your relationship with KENDBIP? How do you keep in touch with
them?

Before we had the subsidize in such a case we use to keep in touch through
the payment. Because before we preferred the subsidize to be paid to the
contractor. So the farmer had to pay very little, so that was a guarantee that I
would get my money. When we started the programme we had a challenge
because the client would have to pay me, then the programme would pay
them. But what happened we did get a problem because once the farmer is
paid, he decided that the money came in his name so he is not paying me. So
we lost quite a lot of money. So we had to negotiate with the programme and
have a document whereby the programme pay us. So that was the
relationship come from. So for me to get paid, the biogas had to be
constructed, it has to be constructed well so they checks our balances we are
paid by the programme.

So does the farmer need to go to the office to tell them that the biogas is
working so you get your money?

What is happen is that they, KENDBIP, come and check, they also do calls,
they have a team who does the calls to make sure that the biogas is working
and also the documents we fill with the numbers so they can also call the
programme just in case of a problem. So that they are able to call the
programme if it is not working, but most of the times I try to make sure that
we don’t get into that because we will not want to get into problems with the
programme. So we don’t want that.
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For how long have you been working for KENDBIP?

Four and a half years. To correct you I don’t work for KENDBIP, I’'m an
entrepreneur, I’m a businessman. I do biogas as a means of livelihood, so
I’m not an employee.

How did you get in contact with KENDBIP?

Before the reception of the program I was still doing biogas, in a certain
organisation from a place called Nakuru. So I started biogas work, it was ten
years ago.

Have you built the same type of digesters all the time?

A certain types of digesters, but the last two and a half years it’s been
relatively easy to construct the Kenbim. Because of a number of factors
definitely being the provision of the financial subsidy to support the
construction of that particular model.

So what kind of digesters did you build before Kenbim?

There are many we used to have one called CARMOTEC and then there
was ACOT.

Are they fixed dome?

Both are fixed dome. They’re different types of fixed dome. I’ve never
really gotten interested in floating drum.

How come?

Because of a number of inhibitions. One of them being the maintenance
aspect of the floating drum biogas plant. That metallic sheet normally rusts
so every now and then the farmer needs to, to undertake some maintenance
which is not only labour intensive but costly. So I didn’t get a lot of interest
in something that will burden the farms every now and then.

Are the fixed domes all made of brick and stone or did you made it in
something else?

You know the bit with the fixed dome biogas plant is that you can localise
it, you can use materials from different locations to put up one. Like you
should go to the western parts of the country you’ll find that we don’t have
these stones that are made under ground, you have some soil with clay with
high --- content. So there is this the material that is moulded and then
formed into bricks. It can then be used in the construction of a biogas plant,
which make it even easier for a biogas plant to be put up in various regions
of the country.

When you got in touch with KENDBIP did they give you an education or
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training?

Of course. In fact when KENDBIP started even before they were starting up
their offices I was very much involved in the formulation of the national
program, through ETC an organisation called TEC and then the Shell
foundation. So I had to come up with the data that was instrumental in the
technical formulation of the program.

Did you have like an education before that as well, about biogas?

On sight training, I didn’t have the, I didn’t go to school to study biogas. So
I just got to learn on sight.

Regarding the different kinds of digesters, what lifespan do they have?

The fixed dome biogas digesters have a life span between 20 and 30 years.
Depending more on the workmanship than the quality of materials that have
been used. But in essence we give it 20 to 30 years.

Is there a certain part of the digester that usually breaks first?

From my experience I haven’t noticed any digester, the ones that were
constructed because even before I got into biogas there was some other
people were doing the same. So the first digester I got to know was
constructed in 1997, still working today and no one has ever gotten back for
maintenance. So I wouldn’t lie to say that this part break down first but from
my own thinking when I’'m looking at the technical aspect then the gas
holder is likely to break down first.

What is most important to think of when constructing a biogas plant?

There are number of factors, it’s not one, you can’t say that this is most
important aspect. Because like you say it’s a biogas system so it’s a system.
What factors then?

One factor is, one, the number of animals. It is very critical because input is
the --- to the output. So like if you have two cows then you can only do a
digester of this size, if you have ten, if you have a hundred, if you have a
thousand cows. So the input or the substrate that you feed into the biogas
digesters or the feedstock, they eat dung, they eat human waste, they eat
plant residue, whatever you used to charge the biogas digester, you have to
be able to size that directly with the size of the biogas plant that you want to
put up, that is one. The other factor is the materials, the materials that you
use. If you want a biogas plant to last for long then definitely you have to go
for the best quality materials and insure that the workmanship or the input
from the technical people is as good as possible.

Have you been working in different areas where for example the soil is
different so you know it’s different to work with it?

Definitely, you have to undertake some sort of survive. We have the
geological survive whereby you’re able to tell the type of soil. The
groundwater table and the other thing is factors like altitude. There are so
many factors that can influence how a biogas plant is constructed or should
be constructed. So if you go to a place like, in this country we have regions
with certain types of soils. We find that not far from here we go to a place
like Ngong you’ll find places with black cotton soil. Yeah you know the
characteristics of black cotton soil? Sometimes it swells, when it rains it
swells, when it dries it shrinks and cracks. Yeah to put up a structure like
that, like a biogas plant, then you have to be able to plant properly and be
able to tell what to do that particular sight. Otherwise due to that expansion,
contraction and what you’ll find the experience with a lot of cracks.

What kind of maintenance is important for the digester?
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If the workmanship is right then biogas plants are not maintenance
intensive.

The only kind of maintenance that might be important will be on the user
end, you’re charging the digester. To ensuring that from --- that point is
clean. That’s the only maintenance. And probably after a couple of years,
like four, four or so years you’ll need to check the stoves because it’s
affected by the hydrogensulfat that emanates from the production, the
production process of biogas, so that corrodes, the valves, the control
valves.

How often do you go back to the households to check these things?

It all depends. There are factors that influence me to go back to the
household. For me, there are number of factors I look at: the age of the
people who take up the biogas system. It is important because there are
some people who even if you give them basic instruction they’l1l just forget.

So if they’re older you go back more often?

Yeah, or I call them more often just to find out whether the system is
working well. And in places whereby the system is acceptable to various
physical wears, like of you install an industrial system or a biogas system
within a very small area around the compound, then you have to take note of
that. Because those systems are more likely to some in contact with lots of
people including children.

Do you train the persons who buy the biogas plant?

Definitely. For sustainability, if any product is to work then the end user
must, it’s just like giving them a manual, but you look at the clientele that
install biogas plants then it’s very hard for you to just deliver a manual and
just say now you can read this and you’ll understand everything.
Definitively you have to give them some sort of training like quality use of a
training whereby you take a farmer through the various stages of a biogas
system, how they work, how they correlate and how to basically do some
trouble shooting. Because not all the time you’re supposed to keep going
back to the farmer, there are some things they can do on their own. It saves
on your cost and their cost.

Which people in the household do you usually train?

The approach now is, before, you know the men are also equal stakeholders
contrary to perceptions, because when it comes to the financial aspect of a
biogas plant, biogas plants are not very cheap. They’re not cheap so at the
end of the day the man will have to be directly involved. With the, with the
whole process you have to sit down, understand the concept and then do the
financial contribution. So due to the fact that the cost of a biogas system is
slightly high then the money becomes directly involved and we want to
know everything that goes on with the biogas system.

Even though the woman is the one working in the kitchen?

Even though. You’ll find cases, this is one of the few technology where
you’ll find a input from both genders. The man will probably chart the
digester ad the waste to the digester and the woman would cook.

So you will educate both of them?

Of course, it’s important.

Do you give them something like a manual or a poster or something?
Now manuals, we have posters we have manuals. If you go to the
KENDBIP office you can probably get that, they have lots of them for the
national program.
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Do the rain seasons effect the biogas plant?

No, rain no. But the cold season, yeah because you know it’s a --- process
and it’s highly dependent on temperature. So when it’s real cold, the fixed
dome biogas systems, the pity is that the production will not go down so
much. But with some other design like the floating drum, the production
then basically goes down.

Do you organise all the marketing?

Yeah, there’s no one doing the marketing for me. I market.

How do you approach new customers?

From my own experience, at times I go to field days but on rare occasions
or shows --- fairs but or rare occasions because this business is basically
refer on. If you do a god job someone will refer you to the next person, yeah
the next person will refer, refer, refer you and then you create a huge
network spreading all over the country. Depending on the way you handle
the clients.

So you build all over the country?

Yes, I get referred all over.

Do you have a team of other masons that’s marketing for you?

Yes.

How many do you have?

It depends on the work but I can easily be able to get close to 10 masons at -
-- time.

How does your payment look like?

During the project the payment was basically coming from the subsidy, so
the subsidy will take care of the technical aspect. But now all the payments
come from the farmers and the way we do it is that you create percentages.
So that by the time you’re through with this stage you get paid this much, by
the time you’re through with the next stage you get paid that much and by
the time you do testing and commissioning and handing over the project to
the client you get paid that much.

Do you get the 100%? Because there’s a guarantee within the KENDBIP
programme that’s one year.

Within the KENDBIP programme there was some aspect of retainment.
They retain some money, a certain percentage of the digester cost, that’s
probably 10% of the subsidy, to tale care for wobble problems or follow-ups
or what. In case the system fail and someone will not go back in and do their
jobs. But I can attest for the fact that I have never had a system that doesn’t
run. My failure rate is zero percent.

The masons that work for you, do you often send one or two to build a
biogas plant?

One. But that depends on the size, but here I think your interest is in the
domestic biogas plants, the small systems that are installed in homes?

Yeah.

Approximately, how many biogas plants have you constructed?

There are many.

Are you still in contact with the farmers?

Yes, sometimes someone calls and I ask them, where was that? But they still
remain contact because even if the systems do not require intensive
maintenance, at a particular point in time they will notice something
different with the system and then they’re likely to go with that information
to you, whether it’s a good sign or a bad sign. So we have to keep contact.
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Does it cost anything to maintain the biogas plant?

It depends on the. What I do, what I do is this; if I construct a biogas plant,
even within the guarantee set up, if I construct for you a biogas plant and
then after I leave your compound I leave a good working biogas plant and
then you tamper with the pipes, you tamper with a lot. You do some
changes in the design, then if you call me to come in and undertake
maintenance then I’ll charge you. Just like you go and buy a car and if
you’re changing the tires, who do you charge for that? But it’s rare, people
do follow instructions, it’s very rare. | haven’t had problems with farmers
for a long time.

Who’s responsible during the establishment?

I’'m in charge when we construct a new biogas plant.

What’s the challenges when you’re constructing a biogas plant?

It totally depends with the person you’re doing this for. Because there isn’t
supposed to be challenges. Because in the first place you have to do some
prior planning. You’ll have to plan the process very well so you know at this
particular stage this is what’s supposed to happen. So if you don’t plan that
well it is when problems come about but when you do proper planning of
the whole process, of the whole project then you’re unlikely to face
challenges. I can’t say there’s many challenges, those people who start
biogas plants, start construction the plants knowing very well what they’re
getting in to.

The masons that you have, have you trained them?

Seriously. They have a certificate.

Do you train them both theoretically and practically?

Both, some aspects of theory. Although most of the theory lays with me. For
me, what [ expect from them, because most of them have not gone through
formal education, so what I expect from them is a good biogas plant. But
then theoretically I have to train them on the way to measure the biogas
plant, the way to set up biogas plants in different conditions. I have to train
them both theoretically and practically.

Do they get any training from KENDBIP?

My team, no. But for me it was basically like, what can you call it, like a
refresher. Because we were brought the diagram and I was able to interpret
it very well so the training was more of a refresher.

So you have more practical training than KENDBIP?

Yes, it’s important. Practical and some aspect of theory because there are
some things, even if you’re a good builder you’ll have to adapt that system
in different setups. So if you only know this is how I’m supposed to
construct and then you go to a place whereby where you are supposed to
construct does not really work well and you’re supposed to make some
changes then that becomes an issue. You have to be smart, you have to be
able to adapt the design to different locations and different setups.
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Interview 5: John Thuku Macharia

Date: April 7, 2014

Area: Nakuru, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
John Thuku Macharia — Mason and B.C.E, Jotmac Contractors

Sara: Regarding the different kinds of biogas plants, what lifespan do they have?

John: I think, of the three past years I’ve been constructing the Kenbim design, in
brick and stone. It has been doing well, it ranges from 4-12m? as it is
domestic. But the most effective design or model, the most used in our rural
area is 6m?® up to 10m*. We construct those in 4m? and 12m? but 6 and 8 are
the most used biogas plants. As you know most of our farmers, the animals
they have, range from two to four. And the 12m? is a bit big, it needs a
person to have six, or eight, or ten animals of which most of those people
are richer most of them use electricity. But the other range of farmers, the
lower class, the ones who would like to install the 4m?, you can see also
they are the people who have maybe one animal or two. They’re a bit poor,
they don’t have money, even if they need it they are not able. But with this
six to eight are the middle class, they have three to four animals, they have
resources, so I think that’s, the middle class are the most people, home
usually and working.

Sara: What’s the lifespan of that digester?

John: It can go up to even 50 years. As you know all the works are masonry.
There’s not any parts where corrosion can take place, --- can take place.
You see sand, stones, bricks they can’t rust so it has a long lifespan.

Jennie: For how many years have you been working as a mason?

John: I have been in the field for five years, since the KENDBIP came in.

Sara: Have you always worked with the KENDBIP?

John: Yeah. I’'m even a supervisor.

Sara: Do you have other masons who are working for you?

John: Yeah.

Sara: How many?

John: I have six right now.

Sara: How does it work when you’re building a biogas plant, do you send all of
them or just one?

John: Actually what we does, there are many of my masons that I subcontract. I

have a plant here, I have another here, then the most of my recommended
masons, who I have trained to the higher grade that they need less
supervision, I can subcontract them. I have charged the farmer maybe
around 20 000 KES a plant, then the mason goes and tells him, or we agree I
am going to pay you 10 000 KES when you complete this digester. There
are some | pay on per day basis, depending on the salary in that certain area.
Sara: The masons that you’ve trained, have they gone through KENDBIP’s
training?
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Some, but some are not. They’re under my supervision.

How did you train them?

You know we even have the drawings. With me you know, I’ve undergone
KENFAB’s ( ) trainings, the first mason training.
The after that we had been picked the best masons, then we are upgraded,
we have been trained to be supervisors so now I am a supervisor as well as a
mason. I can construct, I can supervise.

When you train them, do you take them in the field and train them
practically or do they read a book?

Yes I train them in the field and no no no I don’t give them a book. I goes
with them to the plants. When I start doing with the masons, you know most
of the masons before entering the biogas industry they were already masons
building the other structures, houses and other things in the construction
industry. But as long as they don’t know how to work with biogas they
don’t know how keen biogas demands. Then during the first few digesters to
be built I am always there. I start with them from point A to point Z. When I
see the areas where they’ve already have cached up I leave that to them but
if I see the most important areas like the dome, where the gas is stored, I
can’t leave that person alone. I must be there so that I assure quality.

Is it usually a part that breaks first?

With me, you know before I entered this biogas industry I was a very good
constructor in the building industry. So when I came to this industry of
biogas I already had the experience in the work of building. Apart from that
I didn’t know the dimensions and the parameters of the bio digesters. So
with me there is no, any time that I’ve constructed a plant which failed. I
know the piping also, I does it by myself. All my digesters I am the one who
does the piping, I. I’ve never left that to any person. I am the one who is
responsible in piping.

What’s most important to think of when you’re constructing a biogas plant?
The most thing that you have to think is how you’re going to do that biogas.
With less time so that it won’t cost you much. The other thing you have to
look at is how best the workmanship can be done so that after completing
the digester you have no repetitions, which will cost you much. And the
other thing is that you have to meet the satisfaction the farmer needs so that
they will also sell you to get more jobs.

What kind of maintenance is important to make sure the plant works
properly?

After the work has already been completed I have a warranty of one year
after sale service. Whereby I won’t charge him or her anything apart from if
there’s a defect in appliances caused by the farmer. If the defect is from the
farmer then he has to buy the thing that might be needed. But installing it I
won’t charge him or her anything, apart from the agreed amount.

Do the rain season affect the biogas plant?

In our area, as we are almost closen to the equator. So if you live in Nakuru
area, Eldoret area the weather is almost constant, it never changes much.
You see like now, we can say now this is our cold weather time. You see
but how are you feeling it, is it really cold? So but there are some areas like
Jendaula, like Maunakock, like Keringit, like Nuahuru, the higher zone area.
During the rainy season there are a bit cold and the change of temperature.
But with me, [ haven’t experienced the changes as most of my work is done
within this area. But through the information I get from the other masons or

82



Jennie:
John:

Jennie:
John:

Sara:
John:

Jennie:
John:

B.C.E.s they say like in Nyandalua there are some times when the cold
weather is a bit cold and the performance of the digester reduces, but not
completely but it reduces. As you know the digester, the anaerobic process
that produces the gas mostly depends on the --- area in the digester. And the
warmer it is the more bacterias increase. And the warmer it, the more
bacerias increase. And when the weather is a bit warmer the bacteria
multiplies and then the bacteria produces more gas. And during the cold
season the bacteria reduces and they’re somehow dormant. Sometimes they
becomes dormant whereby they need to be activated. There are sometimes
where you take the slurry from the outlet area to the inlet area so that they
can mix up to revive the bacterias.

What main materials are the digesters made of?

The construction materials, the one used in building the digesters we have
first of all, we have sand, we have barlast that’s aggregates, then we have
the fired bricks, then we have cement, the best quality because we have
different brands of cement some are not very highly effective but we know
the best that can be used in biogas. We use the steel bars, either the twisted
bars or the round bars. So after completing the digester walls we enforce it
so it gets stronger. It may be in the ease of adequates or in some wet areas
where water in the ground comes, it makes it strong. Then we uses the
waterproofing cement so that the weather cannot easily penetrate from either
the outside or from the inside to the outside areas. Then we use the GI pipes,
galvanised iron pipes, for the main pipe, the gas pipe from the dome. The
steel pipes are more expensive than the plastic ones so many farmers go for
the plastic ones, which breaks more easily. The PPR pipe, when joining
them we use fire, they’re moulded. With IPS we use dias, the sockets with
dias, so we screw them like steel pipes. With the PVC we use glue but
because of the UV radiations we don’t recommend it much because it breaks
easily.

What is your relationship with KENDBIP now when there’s no subsidy?
Currently, like now, I have three which are being constructed, even right
now | have my masons at the field and they have no subsidy. But the work
has already gone down a bit but let alone I think it will pick. At briefing
them the importance of the digester being compared to the firewood they
had been using and compared also to the LPG gases they had been using.
It’s only because most of our farmers are not well up. It’s not that they can’t
do without the subsidy the issue here is because they need it but their ability
is a bit low.

Do you reach a different clientele now without the subsidy?

no. You know recently we had gone to a training at Nairobi that was
sponsored by SNV. My area is Nongoro. Then after I was invited to a
training with Africa Tunner Out which is sponsored by SNV and KENFAB
( ). And we have been trained on how we can do
biogas as a business and we are better enlighten. I have started reaching
some other people who I was before I was not able to reach because I have
been, even skills on how to approach them and how to talk to them and now
I think, I’m in a better position now. I am going to do more.

How do you still have contact with KENDBIP now?

We are still under them even though we are doing at our own. But you see if
I’m constructing one plant they’re motivating me with 1000 KES, to keep
me running.
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So they give you 1000 KES for every plant that you build?

Yeah.

When you’ve constructed a biogas plant do you give the client any
information about how it works?

Yes. You see, earlier before we had some brochures. And like with me I
have another project at IFAD. I don’t know whether you’ve hears about
[FAD, International --- for Agriculture Development. They have a
programme here known as smallholder, SDCP, Smallholder Dairy
Commercialisation Programme, dealing with dairy farmers. And I am the
chairman of this region and we usually have work plans of the activities that
will be taken within a certain quarter. And within our working plans we
usually have demonstrations on various things. We have a few days where |
usually have a stand where people can come and learn about biogas and
learn about the slurry use as a fertiliser. I usually, sometimes, I even invite
Mr Monickie and some of our masons tom come and teach farmers about
the importance of the biogas. And by doing so we usually get some clients.
So you give them a brochure and you tell them how it works?

We give them some brochures and sometimes, you know there are some
announcements in the Medias? When we go to the bario places we usually
inform them about the biogases, when we go to the wedding ceremonies we
also take the advantage because there are so many people there.

Do you just tell the farmer or do you tell the wife and the other ones?

Yeah we inform them all the details belonging to the biogas industry.

Who do you tell, the farmer?

Not just a single farmer but the household.

Who is responsible during the building process?

In most households, you know, fathers usually goes to their either business
or goes to where they’re being employed. Now most people whom we are
left with at the household is usually the wife. They’re the most responsible
people in the biogas when we are constructing the biogas. But the father, or
the husband, usually is absent but comes and keeps in touch with what’s
going on after he comes from, either from the job or from his business.
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Interview 6: Stephen Macharia Kimenyi

Date: April 7, 2014

Area: Nakuru, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Stephen Macharia Kimenyi — Mason and B.C.E., Makimenyi Green Energy
Laban Kaara Mwaniki — Biogas Technician, KENDBIP

Jennie: For how long have you been a mason?

Stephen:  Three years.

Jennie: Have you always been in the KENDBIP programme?

Stephen:  Yes.

Sara: Do you work by yourself or do you work with anyone else?

Laban: He works by himself and he also his team. He has a number of employees
actually.

Jennie: How many does he have?

Stephen:  13.

Sara: Do you train your employees?

Stephen:  Yes.

Sara: How do you train them?

Stephen: I train them when I’m constructing the biogas. They train.

Jennie: So it’s practical training?

Stephen:  Yes, exactly, yeah.

Laban: What, it is what we call the on sight training, yeah.
Sara: Have they gone through the KENDBIP training as well?
Stephen:  No, no.

Jennie: Did you get any training from the KENDBIP program?
Stephen:  Me, yes. The workers, no.

Sara: Was it a good training?
Stephen:  Yes.
Sara: What kind of maintenance is important to make sure that the biogas plant is

working well?

Stephen:  Yes, because I am following them for at least one year.

Jennie: When you’re done with the plant, what kind of maintenance is important to
keep the digester working?

Stephen:  Yes, when I construct that biogas I follow up, how can maintenance need. I
train the client.

Jennie: How do you train them?

Stephen: How can mix, clean the digesters, how can use them so I try how can be
happy the client because of that biogas.

Sara: Do you train the whole household or just one person?

Stephen:  I’'m training who use the, mothers, worker for that house.

Sara: When you’re constructing a biogas plant, what is the most important thing
to have in mind? What do you have to think about when constructing a
biogas plant?
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When I construct that biogas, mostly, because I have the workers, I
following. I going through all the continue constructing to help us how can
do the better that plant.

Actually what he saying, during construction he go back for what you can
see the supervision. He visits sight frequently to make sure his workers are
do or doing exactly what they --- by the programme ---. And he also
maintain the design specification of the systems, that is the working within
the design measurements, they’re following the issue material quality they
are mixing, they make sure the material qualities good.

What is the most critical part in the construction?

The most critical part of the digester, of the construction is setting out the
digester and also the gas storage chamber. If you fail to meet the design
specification you may find that at the end of the day the system is failing
function properly. Maybe there’s insufficient supply of gas when the
digester is too large compared to the gas chamber and sometimes you find
that, sometimes the system is failing to function completely because in term
of design parameters some measurement is not getting together.

If you go back to a sight, to a biogas plant, if they call you and are saying
it’s not working, what is usually the problem?

When I go back to the sight first of all I look in the feeding because they
maybe are underfeeding or overfeeding. I check the cow dung cause when
the cow dung have the chemical the bacteria will already be dead. So I
check so many part of the quality of the cow dung. If the cow dung is good I
look in to leakages cause can be piping, the mason when doing piping badly
maybe there is a leakages. So I make sure that if the digester is not working
I look at the system from the digester to the user point if is good, if the cow
dung is good maybe I can say ti remove that cow dung to check all the
digester have some problem, like leakage, maybe finishing is poor, like that.
And make sure the digester is working.

Why would the cow dung have chemicals?

Maybe when they’re spraying the cow cause of ticks, they spray the house
of the cow. Then you collect that cow dung you put it in the, inside the
digesters.

Do the rain seasons affect the biogas plant?

Depending if the digester you’re constructing good you can make it.

How does it affect the biogas plant?

The rain season, if the plant will working, it is working but the time of rain
season it is going down. Maybe the problems, it is not working well because
the time is not warm. When the rain is cold the digester cool down.

What main materials are used when you’re constructing the digester?

I using the material of sand or ---, stone, barlast.

Those are locally available materials.

Does it cost anything to maintain the biogas plant?

Maintain?

If you come back and fix something does it cost anything for the client?
The program has a component of what we call after sale services, ok
guarantee time. It’s a period of one year. During that time the mason is
mandated to make sure the system is functioning very well. It is also during
the same, same time the mason conduct the on sight training to the farmers
of the biogas system. So after that if a system fails or there are some kind of
maintenance problem after a period of one year and a farmer not --- there
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during that period, farmer is entitled to part with the cost.

But if the farmer breaks something, if he cracks a pipe?

If the farmer cracks a pipe that is his own ---.

So then he’ll pay for the pipe?

He must pay or the pipe.

Does he pay for the job to reconstruct the pipe?

Yeah, because at the end of the day, what the mason does, they give a
proper training the farmers to make sure the system is well protected first
and also there is no such things occurring. Because if it occur the farmer
must face the cost. These people are masons that is their work they do to
employ them so if there is some kind of crack in the pipe you call these
guys. These guys is inquire some cost to repair that pipe so the farmer is
part with that cost actually.

What does the payment look like?

Depending on the size.

Do you get the money from the farmer directly or is it divided?

Now you get the, you direct the farmer. By that time the program will
promote us with the subsidies, the client. Maybe the farmer will buy the
materials, I construct the biogas and then the labours are paid by the
program. But now, because no subsidies, the farmer buying the materials,
the labour. But it is different labours because it is different size, because
they have 4-12m?>.

Do they pay you directly or after you’ve installed the plant, or when does
that happen?

When I starting there is a, first of all when I start the constructing they pay
half. When I finish that one they pay me the rest.

Who is responsible during the building process? When you’re constructing a
plant, who is responsible?

Me.
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Interview 7: Charles K. Ngéno

Date: April 8, 2014

Area: Nakuru, Kenya
Organization: KENDBIP
Interpreter: -

Present:

Jennie Boérius — Student of Chalmers

Sara Helmrot — Student of Chalmers

Charles K. Ngéno — Farmer, mason and B.C.E., Ngeno Biotec co.
Laban Kaara Mwaniki — Biogas Technician, KENDBIP

Mason interview
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For how many years have you’ve been a mason?

Two years.

How did you get in touch with the KENDBIP programme?

Mr Monic, he was constructing here, I was a new farmer. So I got it from
him. Then after that I asked him to take me as a mason and he agreed and he
took me to training at KENDBIP.

Do you have masons working for you?

Yeah.

How many masons do you have?

Right now I have four.

Have you trained them?

Yeah I trained them.

How did you train them?

I was training in sight where I’'m working. They accompanied me, practical
training.

Did they go through any KENDBIP training?

No, [ only.

Did you give them any theoretical training?

No.

Regarding the different biogas plants, how long is the lifespan?

In fact I’ve been working only two years so I don’t know the lifespan, but I
think it is 20-25 years.

What kind of digesters do you build?

Normally in this area we construct 12m?, it is Kenbim type ( ). 1
have constructed one AKUT of 24m?. But the others, right now I think I
have constructed nearly 200.

Have you made any in plastic?

No.

Is there a certain part that usually breaks first?

I don’t understand.

If someone calls you and says my biogas plant is not working, what’s
usually the problem?

I try to reach the place and I look which part is not working.

Is there usually a certain part that breaks first?

I think it’s different. Maybe piping, leakages or blocking. But let’s say in
one month or two months or five months someone call you once, not
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always.

Why are there blockages?

Maybe outlet. The farmer not removing the slurry so it can cause blockages.
How long was the training that you got from KENDBIP?

Three weeks, let’s say one month.

Did you have a test as well?

Yeah I had a test.

When you passed your test, did you get something?

Yeah I have it, the certificate.

What’s most important to have in mind when you’re constructing a biogas
plant?

First of all you go to the sight, sighting. Then when you start it you must be
accurate in measurements, you know if you mess that biogas can’t work. So
you must be keen in measurements and levels.

When you’re building a biogas plant, do your masons build by themselves
or are you a team that’s building?

No, like now my masons are they know everything. And right now I'm the
one going around to, I’'m the supervisor. Training, KENDBIP trained me
after we have worked with them for one year so my work was good. We
were in Jauru for three weeks for training, supervisor.

Do they work by themselves?

No. I’'m the one to, I’'m marketing. I market my work then when I get one
plant two I take them there.

What kind of maintenance is important for the biogas plant, to keep it
working?

First of all when you’ve finished your work, you know we are following, we
do follow up after finishing. After finishing we do follow up everything,
now and then we go there to see if the farmer is doing well and if it’s a
problem we just advise them.

How many times do you go back?

Even others, you know, we can communicate in calling. So even I can’t,
sometimes you call another one he told you it is ok so it’s no need to go
there. But then, you know, when you are finishing to construct we give them
our numbers so if there’s any problem they can call you.

Do the rain seasons effect the plant?

In this area no. But normally, sometimes I can travel far --- a cold area.
Sometimes they can call you saying no --- so you advise, it’s because of
rain, that area is very cold.

Does it cost anything to maintain the biogas plant?

No.

How does your payment look like?

Right now, is very difficult. When you have subsidy, the time of subsidy we
were working well but now it seems work is going down. But it depends
about, it depends with the plant, we have 4m?, 6m?, 8, 10, 12. The big one is
not the same as the smallest in payment.

Do the farmers just pay one time or do they?

No, after starting, when you go there you start. After one day, two days they
can pay you what we have agreed 22 000 KES they can pay first time

10 000 KES, the other five when you finish, let’s say they can give you a
little and after sale services they can give you the remaining.

How do you keep in touch with the KENDBIP programme now?
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They have an office here in Nakuru so you just communicate when you
have something, when you want something, anything.

Are there any money going from KENDBIP to you or in the other direction?
Right now, no.

Who is responsible for the establishment of a biogas plant during the
building process?

I’m the one and when it is ready I can call our PT.

And they check if everything’s ok?

Yes they check.

What materials are the biogas plant made of?

Stones, sand, barlast and cement waterproof, we have R8 and R6 bars and
binding wires, we have mesh.

Farmer interview

Jennie:
Charles:
Jennie:
Charles:
Jennie:
Charles:

Sara:
Charles:
Sara:
Charles:
Jennie:
Charles:
Sara:
Charles:
Jennie:
Charles:
Jennie:
Charles:
Sara:
Charles:
Jennie:

Charles:
Sara:
Charles:

Jennie:
Charles:
Jennie:
Charles:
Sara:

Charles:
Jennie:

You have a biogas plant yourself, what kind of digester is that?
Kenbim, fixed dome.

What materials is it made of?

Cement, stone, barlast.

How large is it?

I have two types. First of all when I was starting I. I told you I visit my
neighbour I interested to make one so after making I build a 6m?. Then I
always have visitors coming to see biogas so the gas process ---. [ decided to
build another one, a bigger one, 12m?.

How much gas do you get per day from the 12m?3?

Let’s say the whole of the day.

When you just had the 6m?, how much did you get?

Let’s say two to three hours.

Do you still use both of them?

No just the 12m?.

How long have you had the 6m3?

Let’s say one year and the other one, one year.

Have you experienced any technical problems with the digesters?

No.

What are the main types of feedstock that you use?

I feed with dung, cow dung.

How many cows do you have?

Eight.

Before the installation of the biogas plant, did you use the cow dung for
anything else?

Yeah, | have my garden nearby so I transport it there.

Did you use all of the cow dung that you got from the cows?

No, just a little. And let’s say two days, three days feeding depends on what
we have used. Right now my kids are not around, when they close the
schools so we feed every day. Bur right now three days, four days.

How much do you put into the digester, how many buckets?

Three buckets after three days.

And when your kids are here?

Every day.

Before you used the biogas you got cow dung that you didn’t use for the
garden? No, you used everything?

Yes I used everything.

And today, what do you use the slurry for?
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For planting my gardens.

Do you use all of it?

Not always, let’s say in a month.

What do you do with the slurry that is left, that you don’t use?
Just let it be.

Before the biogas plant, what type of energy source did you use?
Firewood, charcoal, sometimes electricity.

Do you still use them?

No. Since that time, but I can use charcoal sometimes.

For what?
For let’s say when it’s cold and sometimes when, you know, normally we
cook Githeri ( ). When you cook Githeri it takes some times, let’s

say four hours, three hours, they use charcoal.

The biogas isn’t enough? Or don’t you want to use the biogas?

They don’t want to use it. Sometimes when I have visitors, you know, the
burner is smaller so we can use charcoal.

Because the stove is too small?

Yeah.

Does biogas require more or less maintenance compared to the other energy
sources?

You know biogas is cheaper. Since the time I constructed, no more, it’s not
like charcoal you know every, after one week you have to go and buy it.
And here now we, the cost of charcoal is let’s say 1000 KES so you see it’s
very expensive. But the biogas we constructed let’s say I used nearly 70 000
KES and I forgot till now, so it’s slurry work.

Do you save any time?

Yeah, it saves time.

In what way?

You see when you’re using charcoal, the time of lighting all the, it’s not like
biogas. Biogas you can go and just start using. But charcoal it takes some
times to prepare, some times adding.

Do you see any difference in your garden now that you’re using the slurry?
Yeah it’s better.

Why is it better?

What happens to the garden when you out the slurry there, compared to
when you put the cow dung?

The slurry is rich, the slurry is working faster. So the plants grow faster.
Did you use any chemical before?

Yeah, DEB. When you put it in the ground, sometimes you need, it can
change other fertilizers. But the slurry you can’t, you can’t use. You can use
the slutty always.

Do you use any chemicals?

No.

Throughout the year, do you have enough water to supply the biogas plant?
Yeah.

What is the household’s main source of income?

I have milk, I sell milk and right now I have build a house, renting house.
Do you make any money from building biogas plants?

Yeah. Right now, let’s say I’'m depending on biogas.

How was this biogas plant financed?

It was very good.

91



Jennie:

Charles:

Sara:

Charles:

Sara:

Charles:

Sara:

Charles:

eight.
Sara:

Charles:

Jennie:

Charles:

Jennie:

Charles:

Sara:

Charles:

Jennie:

Charles:

Sara:

Charles:

Sara:

Charles:

Jennie:

Charles:

Sara:

Charles:

Jennie:

Charles:

Sara:

Charles:

How did you pay for it, this one?

I paid, by the time it was 25 000 KES.

The subsidy?

The subsidy.

Did you take any loans?

No.

How many people live in this household?

Right now there are three. But when the close the schools we’re less than

Is the biogas enough?

Yeah it’s enough.

Are you able to sell the biogas to someone?

Right now no, because we don’t know how to pack it or we don’t have those
packages.

Is the biogas only for this household?

It’s only this household.

If something breaks, who will pay for that?

It’s me.

What was the main reason for you to invest in a biogas plant?

To reduce cost.

What do you use the biogas for?

Cooking and lightning. But right now I am not using light. I was using
lighting but now only cooking.

Why not lighting?

I have electricity.

Have you noticed anything different in your health, like breathing or in your
eyes, when you started using biogas compared to before?

Yeah. Right now, you know, biogas is clean and charcoal, my wife was
suffering breathing but right now, by the time we started using biogas it’s
gone.

Have your life changed in any way?

Yeah, because the best you are using every month, you are using 2000 KES
for buying charcoal but right now. So we save a lot and it saves time.

What level of education do you have?

Standard eight, I didn’t go form four.

The one who operate and maintain the biogas plants, is it you, is it your
wife, or is it someone else?

It’s my wife.
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Interview 8: Peter Wangendo

Date: March 28, 2014
Area: Kikuyu, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
Robert Kiamu - Public Relations, KENAFF
Peter Wangendo — Farmer

Sara: What kind of digester is used here?
Peter: It’s cow dung.
Sara: And it’s the brick one?
Peter: Yes it’s made of brick and stones.
Jennie: How large is it?
Peter: It’s 12m?.
Jennie: For how long has it been in used?
Peter: I think now for 2 years.
Sara: Have you experienced any technical problems?
Peter: Not really.
Jennie: Which are the main types of feedstock?
Peter: Cow dung, only cow dung.
Jennie: How often do you feed the biogas plant?
Peter: 6 buckets of cow dung every other day.
Sara: How many cows do you have?
Peter: I have two.
Sara: Before you installed the plant, before you had biogas, did you use the cow
dung
for anything?
Peter: Just for planting.
Sara: Did you use all of the cow dung you got from the cows?
Peter: Yes, we used to use it here and another somewhere else. I even use to give

some people some.
Jennie:  Did you sell it to them or did you give it to them?

Peter: Sometimes I give, sometimes I sell.

Jennie:  And the slurry that now have, what do you use that for?

Peter: I use it for the plants.

Jennie: Do you sell and give it to people as well?

Peter: No, I’m not selling it.

Sara: So before you had the biogas plant, what energy sources did you use?
Peter: I used the firewood, charcoal and ordinary gas: LPG.

Sara: Does the biogas require more or less maintenance than the other sources?
Peter: I think less. Less maintenance.

Jennie:  And throughout the year, do you have enough water tor the biogas plant?
Peter: Yes, water is no problem at all.

Sara: So what is the household main source of income?
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It comes from the cows.

How was the biogas plant financed?

I took a loan, I think I used about 100000KES ($1250 USD).

And the payback-time for that load was?

I think maybe, I’'m not sure when I will get it back.

You are still paying back right now?

Yeah yeah.

And if something breaks here, who will pay for that?

Since the time I’ve got it nothing has broken.

Do you know what happens or what to do if something breaks?

No, or the person who build this thing, I have his contacts. So in case of
anything I’ll just call him.

Are you able to share and sell the biogas to your neighbours?

No, I just use it me alone.

Which were the main reasons for investing in the biogas plant?

To buy the ordinary gas is expensive. Firewood, you can’t even get
firewood. It is not possible to get the firewood so I think the alternative is
biogas.

And what is the biogas used for?

For cooking, only cooking.

How many hours a day do you have gas?

I would say 8-12 hours a day.

How has the biogas plant affected you daily life?

Well, it’s good because I’m saving money because I’'m not buying the cow
dung, I have cows so instead of going to buy the biogas I use that money to
something else. I also save time.

Now you have had your plant for 2 years. Have you noticed anything
different about your health?

No, nothing.

How many people are living in this household?

It’s me, my wife, sometimes. I think we are about 4 or 5.

Is the produced biogas enough?

Yes yes. We cook with it, water for washing. It’s enough.

What level of education do you have?

I’ve been going to school. Up to 2nd school.

Do you still use other energy sources?

No, I just use biogas.
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Interview 9: David Waweru Kahenya

Date: March 28, 2014
Area: Kikuyu, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
David Wawerti Kahenya — Farmer
Robert Kiamu - Public Relations, KENAFF
Peter Wangendo — Farmer

Sara: So you have two cows?

David: Yes.

Sara: And how big is the digester?

David: It’s 10m?.

Sara: What material is the digester made of?

David: Brick and stone.

Jennie: For how long have you been using the digester?

David: I would say about a year now.

Jennie: Have you experienced any technical problem with the digester?

David: Well, it’s not very efficient let me put it that way. Because the gas get
finished very quickly, before the food is ready. But making tea and simple
things is quite fast. That’s my observation.

Jennie: For how long can you use the biogas, approximately during a day?

David: One meal, making one meal it will finish sometimes. But it might get
finished before the food is done. It’s about an hour. Yeah one hour and then
it is gonna be exhausted.

Sara: What types of feedstock is used?

David: Only cow dung.

Jennie: Before the installation of the plant, did you use the cow dung for anything?
David: Yes we took it to the garden, all of it in the garden.

Sara: Do you use the slurry today?

David: Yeah, we use all of it in the garden. For planting whatever we plant.
Jennie: What energy sources did you use before you had the biogas?

David: The standard gas LPG, it is till there in the house. We use the small one in
safety in case the biogas get exhausted before the food is ready and then we
shift it from the biogas to small cooker.

Sara: And through the year, do you have any problems with the water supply that
you need?
David: Water is a problem because here we depend on the Kikuyu water company

supply. And sometimes we can go for a week without water. Which is a
disaster. Like now, here I’ve got two almost three rains, yes three rains of
supply. And you usually don’t get a special time without water.

Jennie: Does the biogas plant require more or less time than the other energy
sources?
David: There is nothing to maintain here so it’s better than the old energy source.

95



Jennie:

David:

Jennie:

David:

Robert:

David:

Jennie:

David:
Peter:

Robert:
Jennie:

David:
Sara:
David:

Robert:

Jennie:

David:

Sara:
David:
Sara:
David:

Sara:
David:

Jennie:

David:
Sara:

David:

Sara:
David:

Jennie:

David:

Sara:

What is your main source of income?

That is tricky because I don’t go out to work, I'm retired. I used to work but
then I was told to go home because of the younger generation, they need
some space to do some work. I don’t know what they want us to do. Now
we are analogue, we don’t know what to do. Well like you can somebody
there working for me. I’'m just expanding my little farm. I'm finish with
these houses (pointing at some houses behind us) recently, which I rent out
to people. So I want tot supply them with eggs and things like that. That’s
how I have to survive. These houses for renting it’s my project.

How did you pay for the biogas plant?

It was subsidized by ehhh..

KENAFF, that is us!

Yes, yeah they are the one who subsidized this.

All of it or just a part of it?

I can’t remember how much I paid, how much were we paying?

I think we used about 100000KES ($1250 USD).

And then KENAFF subsidized 25000KES ($312,5 USD) on all sizes.

So did you take a loan?

No, no loan.

If something breaks here, is it you who pays for it?

Yeah, it would be me. And I’'m hoping it won’t break soon.

But then there is a guarantee with the masons about the techniques for one
year. So as long as it not of within one year. The technician, if it is his fault.
But that doesn’t mean he takes this (pointing at a lid made of brick) and he
breaks it and think that the masons will come. It it’s a technical error on the
part of the masons on the part of KENAFF, then the mason have to come
and get paid free of charge. That is within one year.

Are you able to sell the biogas to your neighbours?

No no. I wish I could because I would have supplied all these people
(pointing at Peter and the houses that are for rent). I wish I could.

But maybe in the future.

Hopefully.

Which were the main reasons for you to invest in the biogas plant?
Because the other gas is becoming out of reach, it is becoming too
expensive. I don’t know what they want us to do.

So this is better?

This is cheaper, it’s clean.

What is the biogas used for?

We use it for cooking, heating water, whatever.

How has the biogas plant effected your daily life? Have you noticed any
differences?

Well in fact I’ve reduced my bill of 6000KES ($75 USD) to about
3000KES ($37,5 USD), almost by 50%.

That’s a good thing.

Because I keep on buying the small cylinder, that one I have to buy once a
month. In fact I’ve saved about SO00KES ($62,5 USD).

A year or a month?

A month! Because we always go for one more cylinder once a month.
Meaning that all the other time we have used this. (Pointing at the biogas
plant).

Have you saved any time?
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This one is very efficiently. In fact there is much quicker than the standard
gas. This one is much faster.

When you cook?

When you cook. Yeah it’s much faster in this work, much faster. And it also
gets finished very quickly. What I suspected is we don’t have a control.
Some of the gas is wasted.

What level of education do you have?

I went to school when you were not born.

But did you go to university?

No I went up to form four. But believe you me I was getting paid better than
university people because I was a hard worker. I was a hard worker.

How many people live in this household?

It’s only me and my dear one. All the others have gone. There are on their
way, they are on their own. We have one son is here so we are three in the
house.

And the biogas is not enough?

Yeah, it’s not enough.

Therefore you still use the other energy source?

In the kitchen it’s only biogas and standard gas.

Is anything done to the cow dung before you put it in the digester?

We make sure we collect it clean from the shed when it comes here
(pointing at the digester). When you mix it with the water you don’t bring it
without a lot of dirt because it’s going to make the work much harder. So
you remove all the rubbish from there and then you make it thick, you mix it
with water and then you release it.

So you know by the eye how much cow dung and how much water you are
going you use?

I was told by the mason that things takes about 20 litres. 6 things of 20
litres.

6 buckets.

Yeah 6 buckets.

How often do you refill it with cow dung?

We do it every morning because we have to clean the shed every day. So
that is fed every day (pointing at the digester).

Have you noticed anything different about your health?

I don’t, no no.

After the interview there was a discussion about why the farmer could only use his

biogas for

an hour. The recording started a little late.

David:
Robert:
David:

Daniel:

David:
Robert:

The man who did the construction of the plant, there was no following up.
Okay.

He should have followed me up so he can get me educated. So I know
where I am loosing.

Because of you look at this (removing the lid from the outlet where the
slurry is and we all look inside), it’s like water.

Yes it is.

It should be thick, very thick. Thick, thick, thick. You see if you make it too
thick or too thin it won’t work. That’s what we normally say the issue is one
to one.
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One to one?

But, depending on the dung, the condition of the dung, it could be so thin
from there, so if you add another portion of water it becomes too thin.

You are lucky because I’ll be coming here in time of two days. So the
problem is not even the technical part. It’s feeding. This is just to thin.

I should be like a porridge.

Yeah it should be like a porridge that one I was told.

Was it the masons’ job to tell him that?

Um yes. He didn’t come to show you the feeding, the initial feeding?

When we finished the project he showed me how to do it. And that was that.
What was the name of the mason?

Wambugu.

If it’s Wambugu, I’'m sure he told you everything you need to know. I know
him, that guy is good.

You don’t even have to call him. (Speaking in Swahili).

After either 4 or 5 days. (Speaking in Swahili).

You should feed when it is thicker than usual, so that the inside becomes
thicker.

So just make it thick. Other for 10m?, between 6-8 hours of gas nonstop.
How often do you use it? Continuously?

This is always on. But now I know what the problem is.

So what we have requested him to do, he thickens that (talking about the
feed mixture), very thick so that when it becomes uniformed with the one
inside here. So when it comes to the digester it’s twice as thin as when you
put it inside. So if he makes this very thick, he won’t be buying any standard
gas.
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Interview 10: Brenda Nabtutu Wekesa

Date: March 28, 2014
Area: Kikuyu, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
Robert Kiamu - Public Relations, KENAFF
Brenda Nabtutu Wekesa - Farmer

Sara: How big is your digester?

Brenda: I know it’s medium. I think that’s 8m?>.

Sara: What is it made of?

Brenda:  Stone.

Jennie: For how long have you had the plant?

Brenda:  Since December.

Jennie: So it’s new!

Brenda:  Yes it’s new.

Jennie: Have you experienced any technical problem so far?
Brenda:  No.

Sara: What type of feedstock do you use?

Brenda It’s cow dung. We put cow dung here. Just cow dung and water.
Jennie: How often do you do that?

Brenda:  Daily, at least 4 buckets of cow dung.

Sara: How many cows do you have?

Brenda:  We have 2 cows.
Jennie: Before you had the biogas plant, did you use the cow dung for anything?
Brenda:  Yes, for manure.

Sara: Did you use all of it or did you get anything left?

Brenda:  We used all of it because we have a lot of plants in different places.

Sara: And do you use all of the slurry that you get from the biogas plant?

Brenda:  Yeah, we use here for planting. It’s all over.

Jennie: Which energy sources did you use before you had the biogas plant?

Brenda:  The other gas for buying (LPG), we bought it. We mix charcoal and then
firewood. We used to mix.

Sara: Do the biogas require more maintenance or less than the other energy
sources?

Brenda:  Biogas requires less. It just requires to fill the cow dung, nothing else.

Jennie: Do you still use any other energy sources?

Brenda:  For me, we use this. But we are using it for two houses. But my mom (other
house), she mixes uses with firewood. But for me I just use the biogas.

Jennie: So how many people live in your household?

Brenda:  We are 3.

Jennie: And in your mom’s household?

Brenda:  They are 4.

Sara: Throughout the year, do you have any problem whit the water supply for
mixing?
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No, we have enough water.

What is the main source of income for your household?

Mostly salary from my husband.

So your husband works? What does he works with?

Yeah he works. He works at ILRI, International Livestock Research
Institute. It’s our main source of income.

How did you finance the biogas plant?

My husband paid for it. And it was ehh

Subsidized.

Yeah subsidized.

Did he take a loan?

No he didn’t take a loan. No loan.

Are you able to sell any biogas or do you just use it for your mom and
yourself?

For now we are just using it. We are waiting until we get 4 cows. That’s
when it will be enough to sell.

Who do you wanna sell it to?

My neighbors and the ones I’'m renting there houses for. (Pointing at some
houses).

If something breaks, who will pay for that?

In case it doesn’t work (speaking in Swabhili) that’s what they are asking.
He will pay, my husband will.

Which were the main reasons for investing in biogas?

It’s cheap. It is cheap for us. And it is convenient because there is no day
that there will be no gas.

And what is the biogas used for?

Cooking. And the slurry for manure.

How has the biogas affected your daily life?

It has improved because now the expenses that we had for buying charcoal
and the other gas is really reduced.

Do you have to spend more or less time?

It’s less because the gas is much much more. It’s produced by a morning a
lot, and it has that pressure so it cooks faster.

Have you noticed any differences about your health compared to when you
used the other energy sources?

Yeah like when you use charcoal it effects eyes and then lungs that start
coughing. But this honestly you notice nothing.

So you feel better?

I feel better!

What level of education do you and your husband have?

We are both undergraduates, bachelor degree.

And the produced gas, is it enough for your household?

Yeah its enough. That’s why we use it for 2 households. So it is more that
enough.

Is anything done to the cow dung before you put it into the digester?

No. We take it from the ground and put it in there. It is fast. We only use it
after, when it comes out, the slurry.

What were your subject when you did your bachelor?

Biomedical science in technology.
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Interview 11: Felister Mumbi Kimunja

Date: April 3, 2014
Area: Kiambu, Kenya
Organization: KENDBIP
Interpreter: -
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Jennie Boérius — Student of Chalmers

Sara Helmrot — Student of Chalmers

Daniel Gichuhi — Administration Coordinator, REFCEL
Felister Mumbi Kimunja — bonde

What kind of digester do you use?

8m?3, it’s made of bricks and stones.

For how long have you used the digester?

We were the first to be constructed. So 4-5 years. Mine is the first, it’s the
demo for the other farmers. When KENDBIP came I was given the
demonstration for farmers to learn about it from my farm.

Have you experienced any technical problem with the biogas plant?

There is a time when we had, but it is due to our management. The way we
were taught to feed we had to feed. But in the others, they are okay.

Did you feed to much water?

Not much water, but we were feeding a lot. Almost everything we got from
the diary.

What kind of feedstock do you use?

I use cow dung, just cow dung. It is plenty.

How often do you feed the digester?

Almost every day and about 3 buckets, 20 litres 4 bucket.

Before the installation of the biogas plant, did you use the cow dung for
anything else?

Yes, manure in the farm and compost.

Do you use the slurry today?

I use it in the farm. I do put it in my bananas, even in the drain house.

Do you get more slurry than you can use? Do you use all of the slurry?

No, it’s plenty. I don’t use all of it, but in the remaining I do use to make the
compost manure. I just pore all the dry materials and I mix it. I mix it with
all the greens that I don’t use.

What do you use the compost for?

[ use it in the farm. When I put it in there it takes about a month, when it is
well composed I take it to my farm. I plant it by the maize and where I don’t
use the slurry.

Do you see any difference in your crops now compared to before you used
the biogas?

Yes, it is a great difference. When I’m using the slurry it is very fast, the
uptake of the slurry in the plants is very fast. And you see where the slurry
is, it is always green. There is always something to harvest. You always
have food.

Before you had the biogas, what kind of energy sources did you use?
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The firewood, charcoal which was very very expensive. And even the other
gas, LPG.

Does the biogas require more or less maintenance?

Yeah, biogas is less and also it is very good because even with the children
you are not fearing anything. When you forget to close it is not harmful. So
even when the children are there you are not scared. With the LPG, the
moment you leave it you might burn the whole farm. So biogas is
economical and safe. It is very beneficial. It is very good.

Throughout the year, do you have enough water to supply the digester?

I have a lot water. I have many tubs. The water is enough.

What is the households’ main source of income?

The major is the diary and also the greenhouse. But you can’t compare the
diary with the greenhouse. There are a lot of charges is the greenhouse of
which even manure, if you are diary well it is a good source of income.
With the milk, you sell the milk, you get the gas, you get the manure. I also
sell the compost manures.

How was the biogas plant financed?

I took the loan from the bank, and the loan is paid by the cow. So I get the
loan, I supply the milk. Also the subsidy from KENFAB that was
50000KES. But the loan was not only for the biogas. I have children, I pay
school fees with the same loan.

How long did it take you to pay back the loan?

2 years.

If something breaks on the digester, who will pay for that?

It’s me who is to renovate and I call the mason who constructed it. Even if
he comes, the duration time for him to repair is finished so I’m the one to
pay. But they had given us a 1 year guarantee.

Do you sell the slurry as well, you your neighbours?

I don’t sell the slurry because now, with the slurry I only see it is good to
use in compost. The slurry is to thin and liquidity to be able to sell. The
compost is sold in bags. It is easier to carry the bags and therefore easier to
sell.

Are you able to sell the biogas to your neighbours?

No. There is distance in the farmers. From my farm to another farm there is
a good distance. But possibly even if I can pipe to my houseboy and
possibly to a house for my son, when he becomes married. But it is a sorted
distance.

But do you have enough biogas?

I can say it is enough. I was hearing some other people it was fluent but
mine it is time you will go and find. As you use it, it is minimized, but when
you close it for a time it will recharge.

How many hours a day does the biogas last?

We normally say we use it in the morning, during lunch time and in the
evening. In the morning I put it on at 5 because I wake up at 5 till about 8.
By 8 you will see it is minimizing so when you close it for a time, an hour
or so, it will recharge itself. So we use it around 9 hours a day.

What do you use the biogas for?

Cooking, just cooking.

What was the main reason for you to invest in a biogas plant?

It is very economical, it is very healthy, it is very comfortable. Like now if
there is somebody in the house we could have drunk his tea already.
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Because it is fast, no waste of time. It is good for us women because without
the smoke, no red eyes. You to would become blackheads.

So have you noticed a difference in your health?

Yes very very much. Even when you were staying in that smoke, you cough
a lot. You compare somebody coming out from a smoky house and you
understand a lot of things. She is coughing, her eyes are crying. In hurry
there might be a side effect in the health on anybody.

How has the biogas plant affected you daily life?

There are a lot of benefits. You see now to prepare the fire with the
firewood it would take time. But biogas is very fast. You wake up and that
water is tea. So the time we were wasting on collecting the firewood, the
tune we were wasting preparing the fire, we have converted it to money.
Everything is money. When you waste an hour you have wasted a lot of
money because you could have done another beneficial work and another
source of income. So with the money we are now not using, with the time
we are wasting, that money have we converted, it’s a lot of money.

So you save a lot of time?

Yes, we save a lot of time. Also you are not coughing.

What level of education do you have?

All levels, that is form four.

Do you still use other energy sources?

We normally use but it is rare. Like now I was cooking a --- you see now if
you take. Now I wasn’t possible to be there, I was in the farm, so I just leave
it there. Because even if the biogas go down, and you put it in the firewood
it will continue. And also, when I’ve not piped, I will not allow the
houseboy to use the other kitchen to boil the water for milking. So you also
use that. But not in many hours. It is only when I’m not around.

When you leave the house you have you close and then you use the
firewood?

Not me, the houseboy. He can’t enter the house when I’m not in. You can’t
leave the house open so that when the time comes for milking you make the
water there. When I leave them they just light the fire there, with the
firewood, just put the water for milking that’s all.

How many cows do you have?

5 but I also have calves.

How many people live in this household?

There are me, my husband and our 6 children.
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Interview 12: David Too

Date: April 8, 2014

Area: Nakuru, Kenya
Organization: KENDBIP
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
David Too — Farmer, KENDBIP
Laban Kaara Mwaniki — Biogas Technician, KENDBIP
Charles K. Ngéno — Farmer, mason and B.C.E., Ngeno Biotec co.

Sara: What kind of digester do you have?

David: 12m3, Kenbim, fixed dome.

Jennie: For how long have you used the biogas plant?
David: It’s now one year.

Sara: Is it just your household that uses the biogas?
David: It’s nice. I’ve used it for cooking, everything.
Sara: Do you use it for cooking?

David: Yeah cooking.

Jennie: Have you experienced any technical problem?

David: No. So far no.
Jennie: What is the main type of feedstock that you put into the digester?

David: Cow dung mixed with water.

Sara: How many cows do you have?

David: Eight.

Sara: Is the cow dung enough?

David: It is more than enough.

Jennie: Before you had the biogas plant did you use the cow dung for anything?

David: Just take it to the farm, manure.

Sara: Did you use all of the cow dung?

David: No.

Sara: What did you do to the cow dung that you didn’t use on the farm?

Jennie: Like before, when you took the cow dung to the farm, did you use all of the
cow dung?

David: Yes.

Sara: Do you use all of the slurry that you get? The thing that comes out of the
biogas plant?

David: Yes.

Sara: What do you use that for?

David: I use it for planting.

Sara: Do you use all of it?

David: I use everything.

Sara: Have you noticed anything different between the cow dung and the slurry?

David: Yeah, there’s a big difference. From the biogas is actually more productive
when you use it for planting tree, vegetables.

Jennie: What happens, does it grow faster?

David: Fast and healthy.

Sara: Did you use any chemicals before?
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David: Before it was fertilizers but --- is when I’ve used this cow dung.

Sara: So you don’t use any chemicals?

David: I don’t.

Jennie: What energy source did you use before the biogas?

David: I just used normal gas, LPG.

Sara: Do you still use it?

David: No. Since I used biogas I’ve never. I’ve removed even the tank the cylinder
from it.

Jennie: So you didn’t use firewood or charcoal?

David: I use firewood and charcoal and now I use charcoal for other jobs, for
chicken.

Sara: Why do you use charcoal instead of biogas?

David: I’ve not had the right burner

Sara: So the burner is too small?

David: I think there should be a special burner for small chicken.

Jennie: You don’t have that one?

David: I don’t have.

Jennie: Throughout the year do you have enough of water to supply the biogas
plant?

David: Yes.

Sara: Do the rain season affect the biogas plant?

David: No, it did not.

Jennie: What is your main source of income? How do you make your money?

David: From the chicken and the milk.

Sara: How many people live in your household?

David: Four.

Sara: Is the biogas enough?

David: Yes.

Sara: How many hours of gas do you get per day?

David: You know, most of the time nobody is at home. So it’s the weekends.

Jennie: How many hours a day can you use the biogas for if you would need it?

Would it be 10 hours or 12 hours?
David: 10 hours.

Jennie: How was the biogas plant financed?

David: Through the subsidy.

Jennie: Did you take a loan as well?

David: No.

Jennie: If something breaks on the digester, who will pay for that?

David: Don’t know, because there’s no damage yet.

Jennie: Do you know who will pay for it if something breaks?

David: I don’t know.

Sara: Do you sell the gas to neighbours?

David: No.

Jennie: What was your main reason for investing in the biogas plant?

David: One because it was, I have the cows, the normal gas was too expensive.
Since the project started I also moved --- so I found it was convenient.

Sara: What do you use the biogas for?

David: Cooking.

Jennie: Have you noticed anything different since you installed the biogas plant?
Like breathing or eyes?

David: No.
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Do you know if your wife has noticed anything different?

Nothing, she has not complained.

Have you noticed anything different in your life since you installed the
biogas plant, has it changed?

I spend a lot to pay the walker since the walker is milking and after that put
cow dung in the digester.

So do you save some money?

Yeah.

Do you save time?

My wife mostly, my wife must know.

But you know that you save money?

Yeah.

What level of education do you have?

My level of education is form four and a diploma building industry, building
construction.

How often do you feed the biogas plant?

Normally it’s twice a week.

How much do you feed it?

About three barrels, buckets.

Is that like 20 litres per bucket?

Yeah.

Did you get any education about how the biogas plant works, like when they
installed the biogas plant?

No. I saw the construction, I know it goes and the construction.

Were you able to be there while the mason was building?

When they were building I managed to see something.

So you sked questions when they were building?

Yes, yes, yes.

Did you get any posters or manuals or something?

No.
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Interview 13: Mary Wanja

Date: April 8, 2014

Area: Nakuru, Kenya
Organization: KENDBIP
Interpreter: -

Present:
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Jennie Boérius — Student of Chalmers

Sara Helmrot — Student of Chalmers

Laban Kaara Mwaniki — Biogas technician, KENDBIP
Mary Wanja - Farmer

What kind of digester do you have?

We call it Simgas, it’s in plastic and 6m>.

For how long have you used it?

I think I’ve used it for 2 years.

How many hours of gas a day do you get from it?

Every day like now I use it from 6-9 and then like now you see I’'m busy, so
[ use it at lunchtime and also in the evening. So I thing maybe 6 hours.

Is the gas enough?

Yeah, it’s enough for me, but in the evening I use the charcoal because I'm
cooking many dishes so I have to.

So you use the charcoal in the evening?

Yes, in the evening. But it is not much. You know I have to put water to
boiling and for this one I put it for cooking.

Before you had the biogas, which energy sources did you use?

I was using firewood and also charcoal in the evening. You see we have
trees so we didn’t have any problem with getting firewood. But it took me
so long to cook with or dry it. But now when I’m using the biogas it is just
to put it on there and start cooking. It doesn’t take much of my time.

How much time do you think you save?

I think it’s around, because in the morning before I had to wake up at 5, so
that I light the charcoal, especially then when it is still wet the firewood is
wet so lighting it took almost all of my time. Now the way I do I can also
time myself. When I wake I just take this put it there I have hot water and
then I got to work.

Have you noticed any difference with your health?

Yeah yeah, because there is no longer, when I use to light the other charcoal
it made me itch my eyes. But now I'm free.

And did you see any difference in your repertory?

Yeah. The smoke was a problem, made me couth. It’s over now. Some are
allergic.

How many people live in this household?

Like now, the kids has gone to school, we are 4.

Have you experienced any technical problem with the biogas plant?

Only when I put in it. The problem I had especially, what do you call it. If
you don’t have enough cows you have a problem and then like now mine
are a bit okay because I have a unit, especially those we do not have is
become hard to go collecting from different places, but now we have them
in one place so there is no problem.
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What are the main types of feedstock that you use?

Only cow dung and water.

How much do you put in it?

Like now mine is 6m? so I put 2 buckets of water and 2 buckets of cow dung
everyday. Everyday because now the unit have to clean it everyday, so I pt it
everyday.

Before you had the biogas plant, did you use the cow dung for anything?
You know this one has helped me because when it is digestered it is easier
to use. Before we could just collect it and put it somewhere and wait for so
long. But now it is right here. It is easier to use.

Before, when you didn’t have the biogas, what did you use the cow dung
for?

Just for putting in the farm. Just manure, but it was taking long.

Did you use everything?

Yeah, but it was hard. You know now it is collected somewhere and put in
the digester and everything is there. But before you know it was all over so
it was hard to collect. But now it is easier because it is collected somewhere.
I am collecting it from wherever and it is easier.

Do you have enough water to supply the biogas plant throughout the year?
Yes, I don’t have a problem.

What is the households’ main source of income?

I get from the cows, then from the crops, I grow, manure.

What crops do you grow?

I grow potatoes, beans, peace, maize and even fruit. Like now I have, I'm
planting because now we have the manure so now I even decide to grow, to
add the plantation of the fruit.

How was the biogas plant financed?

Like thins one from the Simgas, I pay SO00KES when I can, so it is easier
for me. I couldn’t pay it all at once. I haven’t finished paying it of. I'm still
doing it. I’'m getting the money to pay so I continue with my farming and
getting money to pay them.

Did you take a loan?

No I didn’t because I pay a small amount of money when I can. The money
is not much so I am able to do it without loans.

And if something breaks, who will pay for that?

It happened. We are till working with them. So if I see any problem I just
call, and they come. I don’t know who will pay.

And do you sell the biogas to anyone else?

I just use it myself. The problem with biogas is that it has no storage, you
have to use it. If you don’t put more pipes so that you can share it. But now
storage is hard.

Have you notice any difference in your crops?

A lot, a lot. I don’t use a lot of fertilizer. So I use organic.

So you used chemical before?

Yes, a lot. But now I can even plant and then.

What level of education do you have?

Form four.

Why did you invest in a biogas plant?

For once we had a problem before to go looking for the firewood, so it was
easier for me to get the manure to make the work easier for me and then the
problem with the smoke, you see I told you I have problem with it so I
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found it easier for me too.

Did you get any training about the biogas plant, how it works?

Yeah, the ones who were planting it they showed us how to do and use it.
Did you get any posters or something?

Yeah, they have it. But now, like myself I’'m moved passed that. So what we
are doing, we are just working with them. But the people had the posters
here.

What is the biogas used for?

Only cooking.

How has the biogas plant affected your daily life?

How do I put that, I’ve explained it has helped.

Is anything done to the cow dung before you put it into the digester?
Yeah, I have to clean it. To remove all the grasses.

How many cows do you have?

5 cows.
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Interview 14: Grace Gathungu

Date: April 8, 2014

Area: Nakuru, Kenya

Organization: KENDBIP

Interpreter: Laban Kaara Mwaniki — Biogas technician, KENDBIP

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Grace Gathungu — Farmer
Laban Kaara Mwaniki — Biogas technician, KENDBIP
Daughter of Grace - Farmer

Sara: What kind of digester do you have?

Laban: Plastic, just plain straight plastic. Simgas.
Sara: How big is it?

Grace: 8m’.

Jennie: For how long have you used it?

Laban: 1 year.

Sara: How many cows do you have?

Grace: 8.

Jennie: Have you experienced any technical problem?
Grace: Yes.

Laban: It is not efficient of the gas production actually.
Sara: Why is that?

Laban: We told them there is a lot of feeding in the system. They are overfeeding it.
Overfeeding means a lot of dung then this is expected. She is calling for the
technical person to come here and come up with a resolution she has been
reaching them but they have promised they will come actually.

Obervation: The slurry is like water, very liquidity.

Sara: But they haven’t come yet?

Laban: They have not yet arrived.

Jennie: And when did you call them?

Laban: One month ago.

Sara: How much gas do you get every day? How many hours of gas?
Grace: Only tea. 30 minutes a day.

Jennie: Before you had the biogas plant, did you use the cow dung for anything
else?

Laban: She was using it in farming.

Sara: Did she use all of it?

Laban: She collected it and spread it on the farm.
Sara: Do you use all of the slurry that you get?
Laban: She is using all of it.

Sara: Is she using it for her farm?

Grace: Yes.

Jennie: And before you had the biogas plant, what kind of energy sources did you
use?

Laban: Firewood.
Grace: Charcoal.
Jennie: Do you still use them?
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Yeah.

This one is not efficient.

Throughout the year, do you have enough water to supply the biogas plant?
The water is enough.

What is the households’ main source of income?

Farming.

What do you grow?

Everything; maize, potatoes, cabbages, carrots

How was the biogas plant finance?

She is on the system, what can I call, through the Simgas company. She
never paid direct in full amount, she is paying little amount out after every
month.

Did she get a subsidy?

No.

Did she take any loans?

No, because what she is doing. The Simgas Company installed the system
for her but she is paying every month.

For how long will she do that?

12 month.

And if something breaks, who will pay for that? Like now it’s broken, who
will pay for the repairs?

It will depend on who has broken. The company had given them a guarantee
of a period of one year. After one year it doesn’t matter who breaks it, the
farmer will face the costs.

How many people live in this household?

Me, only me. One.

So the gas is only for you?

Yes.

Is the gas enough?

No.

Why did you invest in a biogas plant?

She was running out of other, like firewood and other sources of energy.
She was experience some charges in using them. So to get biogas was an
alternative of a source of energy.

What does she use the biogas for?

Cooking.

Has the biogas plant effeced your daily life?

No.

Have you noticed any difference with your health?

No.

In terms of health? Okay, for once it is healthy because it doesn’t have
smoke. But we can’t say it has changed because we still use the other
sources.

Have you been to school?

No.

How often do you feed the digester?

Morning.

Once a day, 4 buckets of dung and 4 of water.

They say she puts 8 buckets of the substrate which has already been mixed
inarationto I to 1.

When you got the biogas plant, did you get any training about it and how it
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works?

Yeah.

Only you or everyone?

Everyone who is a family member.

What kind of education?

She was trained on how to mix, how to use and how to use the slurry.
Did you get any posters or a manual?

No.

Since they installed the biogas plant, have they come back?

Yeah, several times.

For how many months have you had the problem with this?

It worked well for 2 months, so 10 months of problem.

Do you use any chemicals?

Yes, they use it on the fields and also to clean where the cows are.
So what do you think the problem is?

Well the one for the company said it was leakages.

Observation: Ménga rostiga skruvar och muttrar samt stiltrdd som var i anldggningen.

Endast ett lager plast som satt ihop knytet pd olika stille.
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Interview 15: Daniel Gichuhi

Date: April 4, 2014

Area: Nairobi, Kenya

Organization: KENDBIP, Renewable Energy for Forest Conservation and Enhanced
Livelihoods (REFCE)

Interpreter: -
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Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCE

You’re responsible for a project within KENDBIP, can you tell us a bit
more about that?

The program specifically covers the Kenbu area and by getting 300 biogas
plants and also doing reforestation by getting 500 hectares and also
agriculture and food security. We are trying to build the capacity of the
farmers around the area so that we can be able to use the slurry they’re
getting from the biogas to have more food in their homes. At the moment
we have 160 plants so we got 140 more to go.

Is there a certain reason for choosing that area?

Yes. We realised people cutting trees from the forest and that’s a resource so
creating the water tower is a resource, the rivers are becoming dryer and
dryer. So it was more about conservation about you can give people
alternatives and ideas so maybe you can save the forest. With that resource
we can get more water in the rivers.

What kind of digesters do you use?

We do fixed dome, especially the Kenbim model, but the sizes do vary.
Most of our clients they have 8 m? but the others have six, some with ten
and others with 12. But most of them have 8.

Are they all made in brick and stone or do you got any in plastic?

All of the fixed domes are made of bricks and stones.

For how many years ago did this program start?

Two years ago and we’re entering the third year.

How come some series are more common than others?

It’s because of the number of animals they do have. Most people don’t have
so many cows in the project area. So when they should pick a size usually I
advise them not to go for the bigger sizes. Then the place is so cold so the
production per plant is usually lower than in hot places, so it’s not advisable
to go for smaller sizes. So we discourage them to do the smaller sizes and
also because of they don’t have so many animals we discourage them to go
for the bigger sizes. So the middle one is the ideal.

Do the farmers get subsidies?

Yes, but differently from how KENDBIP does theirs. Cause for them, they
give them in cash. After a construction you get a check of 25000 KES. But
for us, we buy the materials and we pay for the labour so they just come and
construct the biogas at the farm. So we subsidies by giving them the major
materials and paying for the professional labour.

So the farmer don’t pay for anything?

They do, the main materials. First we’ll give them the bricks, the stones,
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sand, barlast, waterproof cement, the cement, the burner and we pay for the
professional labour. For them now they pay the pipes and the reinforcement
bars. Approximately 15000 KES that the farmer spend and we spend around
85000 KES.

What’s the most common feedstock?

So for all of them that we have constructed for are only using cow dung. As
you realise you have a provision for anybody who might be interested in
connecting their toilets to the digester. But so far nobody has had an interest,
but we have an inlet for that so in case someone just want to. You can
observe when you go to the field some of our biogas plant have two pipes. It
is left there if someone’s interested they can always connect bur again
there’s always the issue of perception. People think like ok if it is human
waste definitely I can’t eat food cooked by biogas from human waste.
We’ve heard that a lot. I’ve come across a school where they did a very big
biogas and the students rioted that there being cooked for from that biogas.
Is the farmer getting some sort of education or training for the biogas plant,
how to use it?

Yes.

How does that work?

First the basic training, the most basic training is done by the masons
themselves. Usually they tell them after the construction of the biogas they
must train the farmers of how to use it, how to troubleshoot basic problems
and all that and how to maintain it. Secondly, after the farmer has used the
plant for quite some time usually organise them into groups and train them
further on biogas use and also, mainly on bio slurry use. And then, now that
that faze of training, ok we’re planning to have now massive trainings and
now those ones are intended for the .... We have all the manuals; manuals
on maintenance, manuals on trouble shooting, manuals on bio slurry use so
we’ll be going door to door training them on all the issues.

Do you have any posters to give them?

Yeah.

Is that the same that KENDBIP uses?

Sometimes we get materials from them, sometimes we develop our own.
Sometimes we use theirs, in addition to that we have our own materials.
And the posters, is it text or picture?

Both text and picture.

What kind of maintenance is important to make sure the biogas plant works
properly?

The basic repairmen for a biogas to work well is feeding, they should be
able to feed it well. If they’re able to feed it well, ok, the other issues are
just minor issues. And then you know they’re covered by a guarantee so all
the ... we can address. But when it comes to feeding that’s were, ok all the
biogas that we had issues with the main problem was feeding.

That they were feeding it wrong?

That they were feeding it wrong. Either they feed to thin or to hick, or
without, or they feed dirty cow dung. They’re not removing the grass and all
that. So those are the main issues that we have.

Is it important for the farmer to clean the inlet?

Yes it is. Because when it’s left with all dung on the side the dung will dry.
So the next time he’ll come to fill it, as now he puts the fresh dung, you’ll
find that even the dry dung will find its way into the digester. With time it
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will form scamp at the dorm of the digester so at some point they may need
to empty and remove the scamp.

How often should they clean it?

Usually I advise them to do it daily, after feeding. The dung is still wet and
there’s an overflow, usually an overflow pipe, so as soon as you feed the
digester, ok just with some neutral cause the dung is still wet, it’s very easy
to clean and then you open the overflow pipe and the inlet is clean. So they
should do it daily immediately after feeding.

KENDBIP have stopped with their subsidy and you’re going in the opposite
direction by adding more subsidy, why is that?

The reason that we went in that direction is because initially, ok, the subsidy
is meant to stimulate the sector so that people can put the digester on their
own. But now the uptake of that area was very slow and now apart from
now the objective of KENDBIP which is to stimulate the biogas sector as
we had another objective to conserve the forest. So that’s why we had to do
something that will probably rush the uptake because as we wait for people
to decide whether to take the biogas or not they’re still cutting the forest and
the water levels are still going down.

So the area that you focus on didn’t get biogas as much as the other areas?
Yeah the uptake was quite slow. People are still doing biogas but very
slowly so we thought if we wait for them to do it, by the time they decide to
do it the forest will be gone.

Why didn’t they invest like the others did?

Still biogas technology is still expensive even with a subsidy it’s still
expensive. So you’ll find, even in other areas, it’s possible. The KENDBIP
have over 10000 plants but theirs distribution is also, they’re spaucily
distributed. It’s really hard to go to one village and get 300 plants within a
village, because definitely in villages all those people who can afford still
put the biogas. Cause if a farmer has to go and contribute like 80000 KES
that’s still a lot. But now for that area we needed quicker action so that‘s
why it was not possible to wait. The few who can put up the biogas. But
that’s why we had to go for a bigger subsidy.

If the digesters break, what’s the most common part to break?

The slabs that cover the expansion chamber. In the expansion chamber we
have some concrete slabs covering the extension chamber, those ones break
first. But now we are changing instead of having slabs now we cast the
whole expansion chamber. So those are the ones that usually breaks first.
The other thing, maybe piping. Piping is not that common so basically I
would say most plants are trouble free.

If it breaks, who will pay for that?

During the first year they have the guarantee from KENDBIP but for our
project we also do it. So long as the project is operational we take up all the
cost and if there’s any damage we’ll take up the cost.

For how long time is that?

It’s for the project period, so one more year. After that they have to rely on
their one year guarantee.

What’s the lifespan of the plants?

The engineers usually say it would be at least 30 years. But now you know,
we haven’t built for that long so I don’t know it will ..., so we’ll see.

Are there any government agencies involved in the financing?

Ok first, like the funding for the project is from DANIDA but ROCDTF,
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CDTF is Communited Development Trust fund, which is a government
fund. That’s the first level of involvement. Secondly yeah we work with
people from the government ministries in the project so they advise and on
sort of things, so that’s their type of involvement at the project level.

What does the payment for the farmer look like, does he just pay for the
pipe and the materials that he’s supposed to pay for and then he’s done, or
does he need to give you a certain amount of money for those things?
They just pay the materials and then there’s an ... why we usually tell them
to buy the material. It’s because if you ask them in cash it means they have
to ackulate the money to the 15000 KES, which is required. But if we give
them a list of all the material they need to buy and that time they get 1000
KES they’ll go and buy one thing. Then another time he gets another 1000
KES and he goes and buy something else. So that way it’s cheaper, ok,
they’re able to tribute because they don’t need the whole amount at a go.
Are there any money going between the project and the farmer?

No.

Who was responsible for the establishment of this project?

I was.
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Interview 16: Peter Githuka

Date: April 3, 2014

Area: Kiambu, Kenya

Organization: Renewable Energy for Forest Conservation and Enhanced Livelihoods
(REFCEL)

Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
Peter Githuka — Farmer

Sara: What kind of digester do you use?

Peter: It’s 8m? and it is made of brick and stone.
Jennie: For how long have you used the biogas plant?
Peter: For the last 2 years.

Jennie: Have you experienced any technical problem?
Peter: No, nothing.

Sara: What type of feedstock do you use?

Peter: The dung from the cow. Only from the cow.

Jennie: Before you had the biogas plant, did you use the cow dung for anything?
Peter: Manure.

Sara: Do you use the slurry which is left from the digester?

Peter: Yes, for manure and farming. I use all of'it.

Jennie: What energy sources did you use before you had the biogas plant?

Peter: Electricity and I still use it today.

Sara: What do you use the biogas for?

Peter: Cooking, only cooking.

Jennie: Does the biogas plant require more or less maintenance than the other
energy sources?

Peter: Less.

Jennie: Throughout the year, do you have enough water to supply the biogas plant?

Peter: Yes.

Sara: What is the households’ main source of income?

Peter: We do farming in graining.

Jennie: How was the biogas plant finance?

Peter: We were supported by the subsidized through NEDA with 85000KES.

Jennie: Did you take a loan as well to pay the rest?

Peter: No.

Sara: If something breaks on the digester, who will pay for that?

Peter: I can’t tell. I have not reached there. We have no damages.

Jennie: But do you know who will pay id something breaks?

Peter: Yeah, KENDBIP.

Sara: Do you sell the biogas to your neighbours?

Peter: No.

Jennie: What was the main reason for you to invest in a biogas plant?

Peter: I wanted to eliminate in the operation and make the work easier for my wife

when cooking and in the future we are planning to use it as a, to light the
lamps. Yeah, that’s in the future.
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Did you use firewood before?

Yes, firewood and charcoal.

Do you still use it?

Not that much.

How has the biogas affected you daily life?

Somehow it has changed. But it’s not completed. There is a fair different
change, that is cooking.

What level of education do you have?

Form four.

For how many hours a day can you use the biogas?

5-6 hours.

Is that enough for the household?

It’s enough.

How many people are living here?

Me, my wife and the children. So 5.

Before you used the biogas, was the cow dung a problem for you?

I used everything for the farms.

How many cows do you have?

6.

Is anything done to the cow dung before you put it into the digester?
No. Just only mix it with water.

How often do you feed the digester?

We feed it after 3 days, and we feed it around 30-50kg of cow dung.
How many buckets is that?

2-3 buckets.
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Interview 17: Moses Ngugi Gichuhi

Date: April 3, 2014

Area: Kiambu, Kenya

Organization: Renewable Energy for Forest Conservation and Enhanced Livelihoods
(REFCEL)

Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
Moses Ngugi Gichuhi — Farmer
Peter Githuka — Farmer

Jennie: What kind of digester do you have?

Moses: It is made of bricks, I’ve been using it for 2 months, I think it is 8m?.

Jennie: How many hours a day do you have gas?

Moses: I don’t have a measurement. I use it every day. And it is enough. Maybe I
would say 5-7 hours maybe.

Sara: Have you experienced any technical problem with the biogas plant?

Moses: No.

Jennie: What are the main types of feedstock that you use?

Moses: I use only cow dung.

Jennie: Before you used the biogas plant, which energy sources did you use?

Moses: Lights now. Before I used charcoal, firewood.

Sara: And the cow dung, before you used it for the biogas plant, did you use it for
something else?

Moses: I use for manure, to take it to the garden. I use it like manure. I used
everything.

Sara: The slurry, which you get from the digester, what do you use that for?

Moses: I use it for manure.

Sara: Do you get enough of it?

Moses: You use it all of it.

Jennie: What is the households’ main source of income?

Moses: I sell milk, I plant my foods I sell it. ’'m a businessman.

Jennie: How did you finance the biogas plant?

Moses: I didn’t pay. I got subsidy, 85000KES.

Jennie: Did you take a loan as well?

Moses: No.

Jennie: If something breaks, who will pay for that?

Moses: I don’t know.

Sara: Do you sell the biogas to your neighbours?

Moses: No, I use alone.

Jennie: What’s the main reason for you to get a biogas plant?

Moses: I decided to take biogas because there is a problem to get firewood. It make
work easy. It saves time.

Jennie: What is the biogas used for?

Moses: No according to my knowledge you can use it in another way like in lamp
like lights. For these time I only have it for cooking.

Sara: How has the biogas plant affected your daily life?
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No difference.

Do you see a difference before you used the biogas and after?
Yeah, so many differences. When I’m in a hurry I just come and use it and
then I go back to work. I cook faster.

What level of education do you have?

Form four.

Do you still use other energy sources?

No, not at this moment. Only biogas and electricity.

How many cows do you have?

2.

How many people live in this house hold?

4 people.

How often and how much do you feed the biogas plant?
Between 2-3 days, 1 bucket.
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Interview 18: Simon Gitura Mwangi

Date: April 3, 2014

Area: Kiambu, Kenya

Organization: Renewable Energy for Forest Conservation and Enhanced Livelihoods
(REFCEL)

Interpreter: Henry

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Daniel Gichuhi — Administration Coordinator, REFCEL
Moses Ngugi Gichuhi — Farmer
Peter Githuka — Farmer
Simon Gitura Mwangi — Farmer
Henry — Responsible for the finances, REFCEL

Jennie: What kind of digester do you have?
Henry: Kenbim-model, 8m?. I think it’s called Fixed Dome.

Jennie: What is it made of?

Henry: It is made of cement, stones.

Sara: How long has the biogas plant been used?

Henry: I think 1.5 years.

Jennie: Has he experienced any technical problems with the biogas plant?

Henry: There were problems, but not technical. Feeding problems, but no technical.

Jennie: What was the problem with the feeding?

Henry: Well the ones had no gas coming, but after some time it came. That was the

issue.

Sara: What type of feedstock is used?

Henry: Cow waste.

Jennie: And is that the only feedstock?

Henry: Yes.

Jennie: Before the installation of the biogas plant, what did he use the cow dung

for?

Henry: Well initially for the farm, but then it was a dry material. But now he uses
the slurry for farming and then everything is growing well, he uses all of it.

Sara: Before the biogas, did he use all of the cow dung?

Henry: No, much of it was drying up. But now the system us effective so he collect
all of it and put it in the digester.

Jennie: How often and how much is he feeding the digester?

Henry: Every morning with 2 buckets.

Sara: Before the biogas was used, what kind of energy source did he use?

Henry: He used charcoal and firewood.

Jennie: Throughout the year, is the water supply enough?

Henry: Yeah I can say, because we have --- we have good water supply.

Sara: What is the main source of income for the household?

Henry: Farming and diary farming.

Jennie: How was the biogas plant financed?

Henry: We had a founding from CDTF (Community Development Trust Fund) so
we give the farmers the material for about 85000KES but the farmers
contributes with pipe materials. The whole construction was a found from
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CDTF.

If something breaks, who will pay for that?

KENDBIP has put some money away so they will pay it to the farmers.
Is he able to sell the biogas?

No, it’s just for this household, the size is not so much so it can only
measure to this house.

Why did he want a biogas plant?

To reduce the use of firewood, save money and efficiently. The slurry is
also good for the manure. He doesn’t waste so much time.

What is the biogas used for?

For energy.

What kind of energy?

Cooking and lightning.

So both of them?

Yeah.

How many lamps does he have?

Currently he does not have one that works, but he used to have one.
Has he noticed anything different since he got the biogas plant?
His life has been made better.

What level of education does he have?

Umm, non.

Did he go to school? Form four?

No.

How many people are living in this household?

3.

For how many hours a day does the biogas last?

2 hours in 3 times, so 6 hours. Breakfast, lunch and dinner.

Is the gas enough for the household?

It’s enough.

Do they still use other energy sources?

No.

How many cows does he have?

2.
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Interview 19: Graham Benton

Date: April 1, 2014
Area: Githunguri, Kenya
Organization: Takamoto
Interpreter: -

Present:

Jennie:
plants?
Graham:

Jennie:
Graham:

Sara:
Graham:

Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Graham Benton — Director of Market Development

Is there a certain reason for choosing these areas to establish the biogas

Yes. Do you mean this region of the country or this specific where I put the
biogas digester?

This region of the country and why Kenya?

Okay, well Kenya was initially chosen not by me, but it was chosen because
of its urban development so it has good infrastructures, it has good roads, it
has good power grids referred to its neighbouring countries. So essentially
that and also it got a very good atmosphere for entrepreneurship. It got a lot
of social enterprises that starting here, it’s got a lot of energy I the
community to support that, a lot of things around.

The reason I chose, I was the one who chose the region of the country.
It was for a couple of reasons. One is the density of farmers and also the
amount of cows the people have here. And the amount of people who are
running dairy farms. So it’s very high density, this is actually one of the
biggest farmers we have and you know we can’t see neighbours. There is
neighbours just around so you get a sense for how close there can actually
be. Many people have a quarter of an acre and own 3-4 cows on that quarter
of an acre so it’s very denst. There is a lot of good infrastructure around,
there is a good road access there is a lot of derive infrastructure, crops and
things. Therefore it’s organized but there is a lot of easy access. But if
want to I could go to a medium of 400 diary farmers and preset my
information where as in other parts of the country that would never, I would
have to organize that meeting and it would be very hard to bring people
together.

So that together with the fact that people like KENAFF or KENDBIP
whoever be for and a lot of other NGO’s have come here before and done
education about biogas, it’s a huge amount. Of the probably 200 farmers
I’ve talked to in the last year, maybe one or two have been like “Hey, what’s
biogas?!” Most of them know what it is, then again majority have cooked on
it or seen it being cooked on and then very few, very few who have never
seen it or eating out of or whatever so yeah so those factors are probably the
leading class of why we chose this central area.

What kind of digesters do you use?

We stared out using the Floating Drum, that you can see behind us, this
black one sort of thing. We are going to check it out. We use it because it’s,
well centrally for a couple of reasons. One was that it’s very durable, it’s
very simple so it’s very little that can break whenever on it, and the
organization that manufactures the container was very willing to work with
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us, so they sent their engineers to our house and we worked on the design
together and then we, they gave us two of them, we tested them and we
went from there. We have moved away from them for a couple of reasons.
One is because they are fairly small it’s a 3m?® with about 2m? gas storage so
it’s really not too big. And most of our farmers are finding that they need a
lot more gas capacity then that. Which is above what we expected, which is
good. They are also very expensive, they are about almost 70000KES per
unit. So of those factors it came into that we wanted to find an alternative.
Because even if we can get that cost down to half our business variable goes
way up. As our business.

How many biogas plant do you have?

We have 107 installed right now. Of those 107 106 of them re working. Of
these Floating Drum style we have another type which is manufactured by a
company called SimGas, have you ever talked to them? You should goggle
them, they are very easy and they have a big website, yeah you can look
them up, SimGas. And then we are trying this new one from Q-energy. But
yeah, in fact even, we used to do the mason-ones, the big stone like
KENAFF does, but those are very expensive as you probably know. That’s
their main problem, per m?, they are very expensive. And also when you
fail, you fail totally, there is no in-between. So if they develop a crack on
top, you have to replace the digester essentially. And then it costs another
100000KES. And the farmers, very few farmers, can afford that. Anybody
who can afford 100000KES is in top of the economic pyramid or upper-
middle. So the goal of Takamoto is to bring digesters to the lower and make
it accessible for everybody. And so to have 107 digesters installed in an are
with radius of 10km is fairly good, and no other company has been able to
do that. Talking to other companies they are saying “We installed 60 this
year”. In four month I installed over a hundred so yeah, it’s pretty good.

So the farmers that chose biogas, how much do they earn?

It’s a range, and it I hard to tell because a lot of them have, they don’t have
accenting practises. Everything is cash in hand, for instance Jos¢ would cut
bananas, take them to the market and sell them and get cash for that. And
then there is no way to really know. As soon as you sell.

Because we told you KENAFF, and they said that they don’t reach their
goad=

The bottom? Yeah so our farmers will earn as little as 15000KES/month. So
15000KES. I’ve farmers who are not our target of market, who could easily
afford a big system but they are just interested in ours because it is
innovative, it’s new, it’s the thing to have and so they are just curious and
so. These guys could probably afford a masonry digester but they want to be
able to have something new, be the first in the area, so they (pointing at the
farmer) were actually the first in this area. So yeah it’s actually interesting.
And regarding the different kind of digesters in the plants, what lifespan do
they have?

Well the manufactures says 15-20 years, before critical failure. We have
noticed that different kinds fail for different reasons, the SimGas-model, we
had almost 50% fail rate after 6 months so it would just develop a crack and
then it’s done. We had to replace a peace of elder, give it or do something to
it. We never had anything else fail because of natural like old age of course,
but yeah manufactures say 15-20 years.

Is there a certain part that usually breaks first or is it just a crack?
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Of the whole system, front to back: digesters, stove, the peace that I would
say fail the most would be the piping first, and then the stove and then the
digester. Digesters are fairly robust. The only thing is you know old age
gonna kill them, sunlight is going to decade them or just get worn out, stress
plastic or whatever. The piping can fail because they users are very abusive,
it’s kind of hard to say that but they handle the things very hard and they
don’t, there is no word in Swabhili for maintenance so people don’t maintain
their things because it is just not involved in their culture.

How ling do the stoves last?

We have yet to have any fail for just normal wearing tear and we’ve had
stoves on the ground for three years. We replace bummers when somebody
pour something into the stove or something, breaks a nub or whatever. So
those sort of things happens now and then, but it is not to common. I would
say, yea I guess we never had a stove fail because of normal variance but
they are also, everything is very young, everything is under three years so.
How long does the digestion take?

It is always happening, things are always being decaled by bacteria. There is
three stages in the digestion process when you put cow dung into a digester.
There is an aerobic and an anaerobic. But then there are three types of
bacteria that grow to make the biogas. The first is the aerobic bacteria die
off and stop giving of their acids because their bi-products of digesting are
acid. Another bacteria takes root. And that bacteria makes sugar, glycols,
type of thing as their bi-product. The third type of bacteria, a pathogenic
bacteria, will start to, their population will start to come up and those guys
give of biogas. That whole process starts to happen immediately upon
putting things into the digester. The aerobic bacteria, the first type, that give
out the acid, dies as soon there is no air. They need oxygen to survive. So it
is very easy to kill those guys off. The second type are necessarily fort he
pathogenic bacteria to start. I’ve had digesters start on fresh cow dung
within a day and I’ve had digesters start three weeks later. So, it really
depends a lot on different factors one is quality of what you putting in. If it
is just cow dung, like this one right here, it is fairly dry cow dung, we’ve got
a whole bunch of kick-starts because we are gonna empty the old digester
and put it in the new one so it’s gonna, it should start almost immediately,
immediate it should kick-off! Yeah but it doesn’t take long. We estimate
between 3-5 days, so you put it in and then after 3 days we should see some
gas, no matter how little. Even the same day it’s gonna start given out gas,
but it is just not ---, it’s not gonna be flammable, it is going to be carbon
dioxide. Which is bi-product if that second bacteria, that gives of the glycols
it also gives of carbon dioxide. So it is just non-flammable gas. If you had a
digester that’s full of gas that is non-flammable it’s because that 3ed
bacteria is not there. So you have to introduce it.

What is the most common feedstock?

Be sure of cow dung. That’s the only thing all of our farmers use, but again
I chose this area because of it’s diary farming. It’s so reliable for that. Cow
ding is actually required because it got that pathogenic bacteria. Pigs don’t
have it, chicken don’t have it, which are the other two feedstock. The third
bacteria, pathogenic bacteria, come naturally in the cow digester track so it
comes out through its dung. It’s suggested every digester stated with cow
dung although you can by the culture, you can buy that liquid that is that
bacteria and then you can pour it into the digester and certainly kick-start it.
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But that is fairly expensive, because you have to get it somewhere else.
Most of the time we will just say well alright we will put in a ton of cow
dung and then add whatever feedstock you can. Like I said there is cow, that
is most common for us, it’s the only one. Pig is also a big one, pig dung is
actually better than cow dung per kg. One kg cow dung will produce about
75% of what a kg of pig dung will produce. And then again a kg of chicken
dung is better than pig. It even produces more, the problem with chicken
dung is that it comes out of these little pellets and they dries up very
quickly, so you have to soak it for a while and then a wider of chicken
farmers will put down soy dust which is bad for the digester, because it is
just dead fibers it is not of any use. So then you have to have some sort of
clean collection system for the chicken waste, so it is a little tricky but it can
be done, it can be done for sure.

Are the cow dung an environmental issue?

It is not very known or well cared about here. But there are a couple of
NGO:s that are working, that I’ve met, that are working to trying to get rid
of Kenyans cows because a cow produces a lot of greenhouse gases,
methane is a greenhouse gas and It goes up and it raises greenhouse effect.
A cow will have cow dung and fart and it will do all these things and make a
lot of maternities life. So they are trying to promote biogas because it’s a
way of collection that and then burning it which breaks it of and it goes
apart. And then it doesn’t become a greenhouse gas. But farmers don’t
really care about it. Nobody really cares.

But do they use all of the cow dung that they have before?

Yeah. This guy (Francis) will. He has four acres of land, which is a lot. He
will take it and put it on his bananas, on his nil-grass just for feed for the, or
his little farmyard which is corn, potatoes, or whatever he grows. So yeah he
uses it as recourse out the farm. It is unrealized as a resource. A lot of times
it’s just dried and actually, that get rid of a lot of nutrients. So far as I
understand, I’m not great soil-scientists so I’'m not 100% sure, but for one
thing that gets utilized is enzymes and a lot of living things that are in it
which is good for soil and to compost. So it’s sort of underutilized in that
scene. It could be utilized much better. But that’s part of the digesters that
they will process it. They will kill all the seeds of the fungus all the
everything, they’ll burn it. And then as the flung that comes out can be
spread or mixed into the soil, as you can see a bunch staff around.

Do you know if anything is done to the feedstock to gain the best biogas?
It’s mostly just as it is. The way it’s added into the digester it’s mixed with
water in a 50/50 ratio. So if you take the cow dung you just pit it in a bucket
with equal parts of cow dung and water and then you just mix it up and we
mix it much more liquored into the consistence of a yoghurt, a light yoghurt
and then it’s poured into the digester. And that’s the only reason that’s
happens is so that it can flow through the system of the digester. These
digesters has forcer pipes, as a bottle-neck. And corners and stuff on the
inside so if it’s to thick or viscous it gonna push like a plug through. It is not
actually going to get all of the stuff through. It is not actually going to get all
of the stuff through. As it does when it is watery.

Is the demand of feedstock larger than the supply?

No. So one criteria we have when we install the digester is that the farmer
has at least 2 cows. And 2 cows will produce about 40kg of dung in a day.
Some big cows, one will produce that. So 40kg isn’t too much to ask. It’s 2
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buckets. Most people can get that from one cow but we say 2 cows for a
couple of reasons. So if you have one cow we won'’t install for you. In that
way we sort of have a safe card.

What kind of maintenance is important to make sure the biogas plant works
properly?

On the farmers side there is not a lot. It is really just add, that they keep
adding the cow dung and water mixture on a daily bases. Some farmers will
add it daily, some farmers will add it two-daily even tri-daily, like every
three days. But it always has to equal the same ratio. So if you add it
everyday it’s 40kg of dung. If you add it every 2 day its 80kg of dung, if
you add it every 3 day its 120kg of dung. So that’s for farmers.

For us we, since we have a meter on the system. We will regulate, we
can monitor pressure and production. And we will come on monthly bases,
at least, to check so there is no leakages and to make sure there is no plugs
in the pipes, or anything like that. I’ve installed digesters and completely
forgotten about them for 6 months and then I just say “Oh crap we forgot
about this one”, so ten we will go back and visit and then everything is
working fine. So of you built a system in such a way, so it is self-
maintaining is that the pipes were sloped so no water can get trapped in it.
And we just build a robust system, that really takes little maintenance.

But you come back every month?
Yeah just to check the system. So it will take five minutes for someone like

Tedline to come and just look at the system and see how it is doing. See that
everything is okay. He just checks the meter, checks the pipes and turns the
stove on, lights it and see how it looks. And then just notes anything that is
unusual ware tare. Nubs and stoves are often broken. Not that they don’t
work, it’s just that they automatically sticker doesn’t work. Because they
don’t push and turn it. They don’t use it properly. So those things is sort of
going fairly very easily. So it won’t take them very long to maintain. Then
he either fixes it himself if he can on site. Which is most things he can
repair, he just goes with a whole toolset and repair-kits. If he needs a truck
like if he needs to add a lot of kick-start because the digester is not working
for example or if there is any PPR-welding pipes well in any pipes he
doesn’t carry that machine a lot of times although I’ve got him one from
China so he should be able to do it. So if anything he makes a little repair-
ordering to the operations team. And the operations team goes and takes the
tool machines, the trucks or whatever is necessarily to fix it and that usually
take 3 days.

So you have a solid team that builds all the digesters?

Yeah, this is it! We have two technicians: David and Monguru who do the
installation and these are all helpers: Alager, Simon, John, George and the
Paul is usually in the office. He is our RND, so he does all the discovery of
problems so that’s our system right now.

Which technical problems are common?

I think with, in system in general, it wouldn’t really be cracks. The most
common, crack happens because that specific digester design series was
bad. So there is something they’ve replacing and trying to fix it. The most
common problem that happens in biogas in Kenya is, as far as I can tell or
as far as my knowledge goes is piping. People don’t take the time with it to
do it well. One most coming problem would be that the gas is moister when
it comes out, it is very humid. As you can imagine and so it comes into the
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pipe and then condenses in the cold pipe, that’s in the ground. And then the
water drips down and settles in the low parts of the pipes so if the pipes got
a local minimum it’s gonna make a little pool in all those tracts in the pipe.
And then overtime it’s gonna fill these tracts up. And then the gas is just not
going to get to the home or it’s gonna go “wo-wo-w00-w0000”, it’s gonna
pause. That is probably the most common problem and clients, before we
were just not recognizing this as a problem. Because it happens very slowly
so a lot of times I’ll go to a client’s house and it will be really badly pausing
and it will just take three seconds and I will just open the water trunk and all
the water comes out and I close it and it’s fine. Before when it was doing the
biogas system, a lot of clients would call me to their houses’ and say “It
doesn’t work, can you come in?” Because we used to do sort of repairs and
come out and it would cost like 1000KES, we do our repair or whatever.
And a lot of times there is just water in the pipe. You just blow it through or
whatever , trying to get he water out, and then it’s fine again.

Either that, that is probably the most common problem, water
condensing in the pipes, causing blockers. The other problem is probably
people hitting the pipes, either digging or whatever they re doing. They will
hit the pipe with the shovel and it will crack and then, the guy/farmhand
who is doing the digging doesn’t want to tell the farmer so he covers that
up. That happened with one of our clients. That was actually a fairly
common repair that we will have to do when we are out and about doing
repairs. Being paid to do that so.

Do the rain season affect the biogas plant?

For the one above ground it does a little because it cools the digesters and
temperature is a big factor in the production of the bacteria so it will go
down by anywhere from 5-20% of the production depending on the type of
digester, how protected it is in the rain/sun and all those things. So it does
effect.

How were the biogas plant finances?

The way we do it is we buy the digesters. As a company we will buy a
digester and then install it by the clients’ house, then the client buys the
biogas that the digester produce. And use it as a utility. So it is different than
most biogas companies, where the client buys the system.

Right now it’s just through the company. We have grants for personal
loans, personal money and all these things. We’ll help buy these digesters.
Things like CSR, from other companies, they wanted to take all their money
and then do something good for the people of Africa. So they well
sponsored biogas digesters, we put their log on it and a sticker or whatever
and install it and take pictures and tell a story or something like that. So
yeah, mostly it’s the company who buys it ad then installs it for the client.
The client pays a small upfront cost of about 10% of the cost of the digester
or 10000KES, and then just uses the gas on daily bases to pay it back. Right
now our system have about a three year pay-back period, and we need to get
that down, Because if it’s to high then we can’t loan from banks, we can’t
go to those big funders.

So that’s why you come back and check if they are alright?

Yeah, so part of the contract with the client is that they don’t own the
digester, we own it. And we need it to work to make money. So of it’s not
working we are not making our money.

So the clients are just paying for the gas and the 10% of the digester?

128



Graham:

Jennie:

Graham:

Sara:

Graham:

Jennie:

Graham:

Sara:

Graham:

Sara:

Yes. Then if it all stops working, we need to come and fix it. So we trying to
do that if a client call, we are tying to be there within that day if they call
before noon or the next day by noon. So within 24 hours we’re there.

How much do they pay for the gas?

It’s S5KES/m?®. Which is a m* will cook on one burner for about 2 hours. So
if they were spending, if a client is using 1m?/day, it’s what we want, that’s
perfect.

And it’s that cost less then like firewood or charcoal?

Eym yes. So when we did our initial business-plan , business-model, we did
all these tests with charcoal, firewood, LPG, kerosene and biogas. We
cooked the same meal, actually David was in the office and he cooked the
same meal like 20 times on all these different fuels. And we saw how much
we spent on charcoal, how much charcoal we burned or wood or whatever
and what that ended up costing us cooking in the end. And so, LPG is more
expensive but more efficient than biogas. Biogas is less efficient but much
cheaper that LPG. It is much more efficient and cheaper than charcoal and
firewood. Kerosene is like a whole other, it’s so expensive. So don’t even
consider it. It’s not even a competitor. Nobody is using it as a primary
source of cooking, because it is so expensive.

It should be cleaner, easier to use, more efficient and more cost
effective. Because if it is more efficient, even it it’s the same price as
charcoal or firewood it’s gonna be cheaper because it’s , you use less of it to
do the same. And it is more efficient and it is cheaper. So you can’t really,
it’s much more economical adaptable. But at the same time we are still
facing the fact that clients aren’t using all their biogas. We’ll have three
biogas for them because it won’t be metered yet. And they still won’t use it.
It is a culture thing, they don’t actually use all the biogas, they still wanna
cook on the firewood, they still wanna cook on charcoal they still wanna
cook on these traditional fuels, we don’t know why. It’s just a traditional
thing, culture, habit. Things like that. So it’s just a little tricky.

Does it cost anything to maintain the biogas plant?

It does for us but not for the client. Right now our cost of maintenance
system is about 1000KES7month/system. So a 100000KES/month. That
needs to come down tremendously. We want it to get to about
300KES/month/system. Right now it’s so high simply because the meter-
technology is not up to snuff. So a lot of the meters, although it’s getting
much better, even as we speak they are working on it. So even in the last
month we’ve made tremendous progress and reduces our costs there, but the
problems gonna occur when a client pays ad the meters falling of network.
And then the payment doesn’t go through, the meter doesn’t get it so then
we have to come there and physically switch meter on and off to get it to
come back. So now they automatically get back on the network and things
like that so our cost has come down tremendously. So our goal is to get it to
about 300KES/month/system. And that would be fine and that is literally
just coming and then every five system spending a couple 100KES to
replace that piece or something. We expect to have to do this a little while
for repairs.

But, you grow all the time and is the economical factor the reason for not
growing anymore?

Of repairs?

Yes.
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No, because of id we can get it down to 300KES even that 1000KES that
was before we started renovating the piping system and stuff. If we can get
it to 300KES then the amount of what we should be making is about
2000KES from every client, so we can still make a pretty god profit of each
digester. If we can make $20 USD out of each digester each month then we
hit our target for pay-back period for each digester.

And how long is that?

We are trying to get it all under 3 years. Right now it’s a little bit higher. It’s
around 4 years. That is simply because these repair-costs are high, digester
coast are fairly high. But all that is gonna come down with scale. If we had
enough money to order a thousands meters, that cost per meter would get
halved, from $100USD to 50. But to order a thousand it’s 50000USD so it’s
like whaaaaat., that’s expensive so. We can’t really do that right now.
Digesters, we are trying this new types they are much more costive effective
so and much simpler. Like this Floating Drum, it’s 600-700 USD and this
one (pointing at the one in plastic) it’s 300USD. So if we can get the cost,
that we can make that cost work for us then we are fine. We are fine so. But
yeah I mean as the more digesters we have in the ground the less that thin
margin actually matter to make it a viable business. If we have a 100
digesters it’s 2000USD/month, if we have 10000 digesters and make 20
USD out of each digester we will make much more money. Actually the
more digesters we have in the ground, the more viable we become.

Are there any government agencies involved in any way in the
establishment?

There is couple, there is KENAFF which you’ve talked to they are actually
runned with a governmental organization so they kind of have government
oversight so there is a lot of connection there. But the other ones probably
KEBS, KEBS is Kenya Bureau of Standards but they have, they do
standards on different pieces. So if you can get a KEBS certified digester,
then you can get/ should be able to get tax-remission or get waved on a lot
of the taxes. So we are working with them to get these digesters inspected
by them. Also then it goes into certain taxes and stuff if they can carry away
taxes on biogas related products for instance any stove that comes into the
counting from chine will double in costs due to taxes, just taxes. So if we
can do that then we can offer the same products to half the price, a little bit
less because of transport. Probably those three organisations are the largest
and most involved: KENAFF, KEBS and I don’t know what branch or who
is really rate. It could be actually KEBS, I’m not sure I don’t deal with it. It
is mostly Kyle and the other people in the office.

Who was responsible for the establishment of Takamoto Biogas?

Kyle was the founder. He founded it in March 2011. Kyle Schutter. He was
already here doing it by himself until October when me and Laura, his sister
Laura Schutter, came over and stared to help him out. And then from there
we hired Paul and all these other people.

Does he have the current responsibility?

M.D. He is the Manager Director. Yes I guess he sort of is filling the shoes
of Technical Director as well just because although we are hiring out for
those positions somebody demonstrate, you know technology side of the
company, so we can see how we can do with that like with applications and
hire people now.

And what is your position?
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I’'m the Director of Market Development. My bill job is to go and find new
markets and develop them for biogas for Takamoto. In our business model
and sort of work with anybody who can help do that sales and sort of start
up different regions. So going to, you know when we go to Uganda I’ll go to
Uganda and work with other companies or whoever I need to establish
ourselves there and then once it’s up and running I would get it to a point
higher to the people I need to run it to get them to run it and then I move to
the next place. So I'll be in every location. Maybe a year or so, two years
get it going and then you move to the next place. That also means that like I
would be in charge of moving around in the country so when we start to
move out of Githunguri, I would go into new regions and start of talk to
them and see what their opinions on biog are. Because there are a lot of
different cultures, a lot of different tribes in Kenya. There is a lot of
different temperature, landscapes so all these factors needs to be considered.
Cell-phone coverage is huge. If there is no cell-phone coverage we can’t
operate because we have a meter that operates on cell-phone in our network.
So that’s really my job. What I am currently is that-ish but we are not really
developing in any new areas now. I’'m running all the operations so that is
from managing to sells team, managing client selection and sell-process to
installation projects. Tedline, who you met is the customer service. So I
work with him to make sure all the problems that clients are having or met
and that we have an erecter response time to that. So we solve these ones.
So all that plus some business development stuff. I am working in Nairobi
with the call to developing different things. So it is fairly multiday-tasks.
That’s the nature of a start-up.
During your time here at Takamoto Biogas, what has been the main
challenges for the company?
For the company I think I probably just say technology, unusually. It’s
something new, nobody has ever done it before in the world. Sort of
metering gas has never been done as far as we can tell, we tried with
research but we haven’t found anybody yet. Trying to work with people
who are able to do that is very tricky and getting it done in Kenya is actually
fairly difficult. Because a lot of the skulls that are needed are fairly rare
here. Kenyan like people to develop GS connection to GSM and certain
boards and all these things. It is actually not very easy. [ would say that.
The other major problem that we have is plant selection, at this point I
would say. Like I say most of our clients are spending below what we want
then to spend, by a couple of thousands of KES. So if we can get our clients
selection and out post sales selling type of thing, post sale sales up and
consumption, where if people can just use more biogas then we would be
on. Of we can prove that and we can get the technology working there is no
limit of what we can do. Where we can go and what we can do. We can
franchise and then be around the world a year.
When you measure the gas do you need to have electricity?
Yes, so we have a little solar panel, running into a battery it’s a charging
battery and the meter pulls of the battery so it’s a stain alone power
generation system. Right now it’s using a way more power than it needs to,
it should use less that a cell-phone, which need a very small solar panel to
run and very small battery. But right now we it’s using like five times that,
just because there is fascinating efficiently with in the technology. The
cermets boards, half of them are hand made and then glued together and
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then little holes throes in them. So you can imagine how in-efficient that is.
Again when we go to scale with it we can order a thousands units that
inefficiently can come way down. We’ve developed with the
communicative burke alarm, we’ve developed a meter that uses a fraction of
the energy, it’s way more efficient it has a much higher up time which
means it’s own the network. It find’s that work much easier it stays in the
network much easier it’s much more efficient. It’s all together with the
circlet board, the GSM need marginal, it’s all fixed on one circlet board,
which is ideal. As soon as that happens it’s very easy to go.

How come you did this thing when you sell the gas instead of doing as
KENAFF who sells the whole digester?

If you talk to KENAFF the biggest problem is cost. When I started out we
did the stone-mason- system like I said. I survey I probably 500 people just
through, talking to them on the phone, talking to them face to face, getting
their phone number . We talked to about 500 people and we asked them if --
-. Because we having about 1 % or 2% rage. So out of 100 people you get 1
or 2 people who will buy. We asked them why are you not buying and
everyone of them is saying it is too expensive. So it is risky. So we wanted
to bring down the economical payment and increasing of the access. If you
can do that you will have a much more bigger market. Also you are helping
the much more in-need group of people. The people who were buying it
before had never seen a hard day. Living in these houses, very wealthy,
work for the UN whoever can afford whatever they want really. They don’t
need the biogas. It is not like it’s gonna make a big difference in their life.
Where if we can bring biogas to people who have to carry firewood for 4
hours a day and spend half of a day or an entire day a week harvesting
firewood. And then carry it 20km on their back, it’s gonna make a pretty big
difference if they haven’t need to do that on their weekly bases.

How do you promote this biogas company?

It’s all word to moth. We did one marketing event we had over 300 people
come to it and there were 300 people come through and sign a little thing
saying “I was here” and taking all your information. After that there is no
need to spend any more money on marketing. It’s just one client tells
another client they say/call the office or the shop pr whatever. We have 2
sells representatives right now who go around and talk to clients and work
with them and a more face to face bases. So if a client is interested the sells
rep can go there and talk to them. When they pay for the biogas I’1l go there
and inspect their sight and also that stuff. So they’ll do promotion, but it’s
you know they have very few material it’s all word to mouth.

Do you have any instructions for the farmers who use the biogas? How you
should maintain and how you should..

Graham: Yeah when we install a system David will actually spend usually about an

hour with the client, well 30 minutes to an hour, answering all their
questions. Just going through the whole system pointing out what different
pieces are and then talking to them about what different rations of the cow
dung/water they should do, how they should do, how they should fill it and
mix it and really what it should work. Even how they fill is important but
how it should work because if they can identify problems as it states to
happen before it actually becomes a big problem it saves a lot of time and
money. If they find out where when the gas stops working then it won’t be -
--. So we do quite a bit of training and then even the sells guys, when the
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gas comes, the sells guys spend another hour or so with the client cooking
with them, showing them how to use it efficiently and trying to reduce their
costs so they increase their uses. We just need to show them that you can
cook anything on biogas, because people won’t believe it. They are like “No
this has to be cooked on charcoal because it’s how my mother did it”. Okay
but you can still do it on biogas to half the price and third the time and you
don’t stand over a stone fire to do it. So we do a lot of that stuff to.

And the team, do they get training or education?

Yeah we trained them all, they have very different backgrounds, high school
or not high school educated. But we put them all through 3 months
probation so they have a 3 month training time after they are hired and after
3 months if we think they can either do the job that’s fine, if the can’t we
usually start looking for a new person. So far that’s only happened twice.
And we say sorry. But it’s usually the person saying this isn’t a good fit for
me, it’s too instable or they don’t like working in the field or whatever. So
yeah, it’s not usually a problem.

So much of your time you spend in the filed? Like the whole company?

[ would say 2/3’s of the company by volume is in the field most of the time,
so I have these two guy, myself, shaft keepers, the sells reps, Tedline, they
are all in the field, almost all of the time. As in the field I mean easterly in
Kiambu. We have an apartment here so these guys stay in the apartment and
that’s fine. The other half, Paul is usually in the office, Laura does
communications in the office, Kyle us usually in the office the meter guys
who are working on the meters are usually in the office, we have a woman
called Jane who assists us who is an office assistance and works in the
office. So yeah about 2/3 of the company is field based.

And this team is the one who constructs all the biogas plants?

Yes. All the basic. Well actually that’s note quite true. Mombugo was
joining us for probably 80 or 90 digesters. And same with David. O the
installations team used to be me, Paul, Kyle, Tedline and we use to do
installation. And then one other guy. We did that to learn a lot because I
can’t tell these guys what to do until I know how I feel as a manager. For
that we du 5 or 6 digesters and then we started, I hired David ad then we
sold another 10 maybe and then Mambogo and Bordo started to go in an
earnest. And so Mambogo manages this team of guys and then I just sort of
facility that and make decisions and stuff. So yeah they have been with us
most of the time.
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Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
George Waithaka — Mason, Takamoto

Regarding the different kind of digesters, what lifespan do they have?

It depends. The ones we have the cantinas ( ) they can
stay to 10 to 15 years, yeah something like that.

And the new one, the Simgas?

Sandra ( ) was saying, she hopes that
maybe it goes to 20 years. But I’'m not quite sure about this one cause it’s a
new one and it’s the first one in fact.

With the pants you have, is there usually a part that breaks first?

Not really, no.

Is it different every time?

Yeah.

What usually breaks, if you go back to a sight and you have to repair
something?

Mostly the pipes. But not these big pipes, the smaller pipes, the BPR pipes.
Between the digester and house and sometimes the digester itself.

What is most important to keep in mind when you’re constructing a biogas
plant?

My opinion the services, what ever it will do for you

What kind of maintenance is important to keep the digester working?
Mostly you have to do a lot of feeding on the digester because if you don’t
feed it won’t work efficiently. So you have to feed it, like daily.

Do the rain seasons effect the biogas plant?

Not much. But when it’s a bit cold cause they still need some warmth from
the sun. So when it’s a bit cold they don’t perform that much like on the
sunny seasons.

If you got a technical problem, how do you solve that?

Repairs.

Mostly repair, not changing?

No, we haven’t done any changing. Mostly we do repairs.

Does it cost anything to maintain the biogas plant?

No we don’t charge for that.

So you’ll pay for it, like if something needs to be changed?

Unless the repair we’re supposed to do you’re the one who caused the
damage, we charge for that. But the normal damage we don’t charge for
that.

Who is responsible during building or constructing a biogas plant?

The company, Takamoto.

Have you constructed the ones in brick?

No.
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How do you think the new one, the Simgas, will work?

We have one in the main office and I’ve been there, I’ve seen it work so I
hope for the best. I hope it will work out too.

So do you think this one will work better than the floating drum?

Yeah, because this is much bigger.

How many hours of gas will the Simgas ( ) produce per day?

Four to five hours, maybe six hours.

How many hours of gas do the floating drum produce per day?

Three to four hours of cooking.

When you install a biogas plant, do you explain to the client how it works
and how it should be maintained?

Sometimes we even do it prior to the installation and then after we’re done
constructing we still explain that.

Do you explain for all the people in the household?

Yes, because of safety precautions so everyone has to get the idea of this
things. Not one or two people, everyone.

Do you leave like a paper that explains how it works?

Yeah we do.
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Area: Githunguri, Kenya
Organization: Takamoto
Interpreter: -

Present: Jennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers
Francis Mburu Kamitha — Farmer
José Kamitha, with the same kind of digester - Farmer

Sara: What kind of digesters do you use?

Francis:  The old one is a floating drum and the new one a Simgas.

Sara: We’ll be asking you about your old one.

Jennie: Do you know how big it is?

Francis:  3,5m3.

Sara: Are you connected to a network, do you share your biogas with anyone
else?

Francis:  It’s only my house who’s using the biogas.

Jennie: For how long have you used the floating drum?

Francis:  Since this September.

Jennie: Have you experience any technical problems?

Francis:  The network, it cuts off all the time so most of the time it does not work.
Jennie: Did you solve the problem?

Francis: I always call them. I especially call Teddy, Teddy knows all the problems
with the meter, with the network.

Jennie: What types of feedstock do you use? What do you put into the digester?

Francis: ~ Water and cow dung. About one bucket, 20 litres. One bucket of water and
one bucket of cow dung.

Jennie: How often do you do that?

Francis:  Every day.

Jennie: How many cows do you have?

Francis: 15 cows.

Jennie: Do you use all of the cow dung?

Francis: I use everything on my fields. Sometimes Takamoto come and get some.
( )-

Sara: Before you started using the biogas, what did you use the cow dung for?

Francis:  For manure. For planting my bananas, coffee... It’s for farming.

Jennie: Do you use all the slurry that comes out from the digester?

Francis:  Yes, nothing gets wasted.

Sara: Before you got biogas, which energy source did you use?

Francis:  Gas, firewood and electricity.

Sara: The gas, is that LPG?

Francis:  Yes.

Jennie: Throughout the year, do you have enough water to supply the digester?

Francis:  It’s enough.

Jennie: What’s the household’s main source of income? How do you make your
money?

Francis:  From bananas, the milk and some from the pension.
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How many people live in this household?

Four people.

What was the main reason for you to buy this biogas?

In the near future there’ll be no firewood. The government is telling us to
preserve the forests. At the same time you can’t rely on electricity so we
find it a better alternative.

Do you find it cheaper?

Yes:

What do you use the biogas for?

For cooking and boiling water for cleaning.

How has the biogas effected your daily life?

It is better. It’s easier than collecting firewood. It’s easing our burden.
Do you save time?

Yes we save a lot of time.

Have you noticed anything different with your health since installing the
biogas plant?

No.

Is the biogas enough for the household?

Well it is not enough. There’s only one burner that can be used at the same
time, we’ve got two. That’s why we’re installing the new digester, the
Simgas.

Do you still use other energy sources?

Sure, yes. What I’m not using is LPG gas. I’'m using firewood and
electricity.

What level of education do you have? Have you been to school?

I’ve been to school, up to form four.

Before you put the cow dung into the digester, do you do anything to it?
We mix it with water till it becomes liquid form, then we put it in the
digester. Every morning.

Have you had any kind of problems with the biogas plant?

No technical problem, just too little biogas. We have worked with cow dung
all our lives so we know it.
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Interview 22: Jane Nungari Ngonga

Date: April 2, 2014
Area: Githunguri, Kenya
Organization: Takamoto
Interpreter: -

Present:
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JPennie Boérius — Student of Chalmers
Sara Helmrot — Student of Chalmers

Jane Nungari Ngonga — Farmer, Takamoto
Laura......... e , Takamoto
................. - iiiiieenn..., Takamoto

What kind of digester do you have?

Floating drum.

How big is it?

3m?.

For how long have you used it?

One year and three months.

Have you experienced any technical problems?

Not really, it has got no problem.

How much do you feed it?

I always feed it with two buckets of dung and two buckets of water. That’s
what I was instructed to do.

What are the main types of feedstock?

I just use cow dung.

Before you used the biogas, what kind of energy source did you use?

I was using the LPG.

Does the biogas require more or less maintenance than the LPG?

Biogas is good, because I have two stove plates. I can cook tea on one and
Ugali ( ) on one. It doesn’t take so long. The LPG was finished
before the end of the month. I can cook very quickly with biogas, even
within one hour! It’s faster than the LPG.

What do you use the slurry for?

I plant with it, everything. I put even inside my bananas, you can see now
how many children they have now, I have so many bananas now.

So it’s better?

Yeah.

Did you use the cow dung before?

Yes I was using before but since I started getting from the biogas, it is very
nice.

Throughout the year, do you have enough of water to supply the digester?
Yes.

What is the household’s main source of income, what do you make your
money from?

I always make money from the cow, sometimes I get money from my son’s
salaries.

Why did you want the biogas plant?

Because it’s good for me. I cook faster, it gives me manure, so many things
I get from the biogas.
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Do you save any time, compared to before you had the biogas?

Yes, because at the time I was carrying heavy manure and now I’m carrying
that one with a bucket. I go and plant it without getting very tired. Before
when [ was sweeping the house of the cow I was carrying with my back but
now ’m carrying with two buckets.

Have you noticed anything different with your health compared to when you
was using your old energy source?

When I was using the firewood we cough, we get cry in our eyes because of
smoke but now we are like good people.

Have you been to school?

Yes.

How many years?

I finished form four.

Is the produced biogas enough for your household?

Yes for me it’s enough. But I want my sons to have as well.

When you’re cooking are you still using other energy sources?

When I have many visitors. When I have like just five visitors I just use the
biogas. When I have more visitors I cook with a bigger pot so I cook over
firewood ( ). You have to cook certain meals
over firewood, it’s supposed to cook over firewood.

How many cows do you have?

Two.
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Interview 23: Moses Ogeto Gekara

Date: April 7, 2014
Area: Nakuru, Kenya

Organization: SimGas Limited ( )
Interpreter: -
Present: Jennie Boérius — Student of Chalmers
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Sara Helmrot — Student of Chalmers
Moses Ogeto Gekara — General Manager, SimGas Kenya LTO

Can you tell us a bit about yourself and what you’re working with?

Ok, my name is Moses Ogeto Gekara, I’'m working for SimGas Limited.
SimGas Limited is a biogas providing company, head office in in Nairobi
but we are partner with a few individuals, a few people, ---. So we’re
operating in Tentahia country of Kenya. In Tanzania we have, our --- is in
Tanzania but we have moved into regions in Tanzania so we have offices in
Arusa, Mochi, Tanga, Bcha and Mogorowi in Tanzania. In Kenya we have
offices in Eldoret, Karatina and Nairobi.

Are you bigger in Kenya than in Tanzania?

I am in charge if SimGas Kenya and SimGas Tanzania stational manager,
there for I have moved from after three weeks I was in Tanzania. So I spend
one week n Tanzania and the other three weeks in Kenya.

Is it possible for a mason to come directly to you to buy a biogas plant and
install it?

They don’t do that. What they do is that they come to us and, they request
we need this for our customer so can you be able to sell it to me or you sell
it to the customer. They buy it from us we go, we do an installation for them
because this is a unique product. We install them. I have employed 36
people who are university graduates, who are doing for me the installations.
How many different kinds of digesters do you have?

Ours are cylindrical, its start from 3m? up to, the biggest one we’ve installed
is 14m?>.

And that’s the only sort of digester you have, but in different sizes?

Yeah. We used to have the GesiShamba, the one for this one is for
GesiShamba. We have another one for Kitchen West but we have stopped
that one because of product quality. It used to be called Gesafi, but at the
moment we don’t, we have stopped, we have ended that program up to
around December because of raw market, the market’s not adopting very
much and some quality, technical quality.

The other one that you install, the GesiShamba, how much does that cost?
The cheapest, 6m?, it goes for 70 000 KES.

What size is the most common?

The most common is 6m?* which goes for 70 000 KES.

How many of those have you installed?

In total we have installed 113 units in Kenya. --- and my partner has
installed 28 but the 6m? I have around 86 units.

For how long have you been installing that one?

The circle time for the 6m? is two and a half days. So the company started --
- April, it was going incorporated in Kenya on the 4’Th February last year.
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So we’ve been in operation for about one year and two months. But the
research development started four years ago in Netherlands.

do you have the digester underground?

Yes it is under ground?

Do you fill with soil above it?

Yes.

Have you noticed any technical problems with it?

The first patch, we have four series. Series zero was for testing and
development. Series one was for installation. So we have moved from
technical to what, so we have now the best quality in the market. The
problem was if it’s to exposed to the sunlight, it is plastic you know plastic,
it cracks. So that’s why, now, we have come with a new series, series five, it
is being produced in Dari Salam in Tanzania. The series two was
contaminated, was mixed with a metal, when they were doing --- injection
there was mixture of metal. When you mix a metal with a plastic it just
crack at a certain angle. So when we have moved the factory from Portugal,
we have brought the machines to Dai Salam, we are doing it there. All
technicians, all engineers have moved from Netherlands, from Portugal
they’re setting up the plant in Dari Salam. Everything is plastic except for
the burner.

Why do you want to buy GesiShamba?

The reason why we’re doing that is it’s scalable. It’s the plastic, ok, our
technology is like this we’re using recycled plastic, we’re using --- plastic.
Constructing, our digesters is less costly, you don’t buy barlast, you don’t
buy bricks, you don’t buy cement, you don’t buy sand, nothing. It’s just a
trench, we come with the digester, we fix its parts. It comes in parts, parts,
parts. So at the end of the day once we’re through with the meating (

) we unscrew, everything is plastic so it’s easier to --- of
them. If you want to relocate, you uninstall the digester here today, this
customer wants to relocate from here to another town, we can come and
assist him to relocate. So it’s reusable.

How much does it cost to install the biogas plant?

We don’t charge so much in installing because all the price we have it’s
inclusive. When you buy the biogas plant you get the piping, the installation
it’s inclusive. Inclusive we have delivering, installation, piping, two-burner-
stove, user training, after sale services, two year warranty.

What does after sale services the?

After sale service, once we’ve installed a digester, the customer may not
feed the digester for two days and he or she feels that she has less gas. So
we go there, we check, why is this low gas production. So you can find he
or she fed the digester with contaminated cow dung which is intoxicated,
which the medicine they’re given the cows are some medicine. So you have
to go there and retrain the customer.

Are you able to go to all the farmers in the country?

Yeah. I have employed quality officers. You have to visit five units per day.
If I'm calling you and is saying my biogas plant isn’t working, how long
will it take until you come?

It’s supposed to be 24 hours, from the time receiving the call. It does not
exceed 24 hours.

So let’s say I will buy a biogas plant from you, how long time will it take
for me to get the biogas?
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Maximum is fourteen days. So for example you buy today, you send the
sales agreement, everything is run, prepare work is done, somebody
tomorrow is at your place, he or a she will show you where the pit is to be
done, everything is done from there. Then it does not take beyond fourteen
days for an installation to be done.

Do you train the farmers?

We train three people. The farmer, the woman of the house, the one who is
going to use in the kitchen. The person who bought the digester is going o
be the husband and another person, a daughter or a son. There’s a lady from
the Netherlands who comes to train the farmer on the bio slurry, the --- of
the bio slurry. She comes all the way from the Netherlands for that.

How long is the training?

The training can be one week, it depends, it can be one week or three days.
Do they get any posters or manuals or something or is it just mouth to
mouth?

No you are given a poster, there’s a poster. How it works. We have
manuals, we have mixing manuals, how much you have to mix for this
plant, you mix this, you wear this, you have the manual for the chiko, the
burner, we have the manuals.

Do you have pictures or text?

The poster is pictures with text.

Is anything done to the feedstock before you put it in the digester?

The cow dung, the customer has to prepare enough cow dung, that’s the
challenge, now we are assisting them.

Are the farmers doing anything to the cow dung before they put it into the
digester?

So once we’ve installed the digester we leave the customer to continue
feeding for fourteen days before we’re there for commissioning. So they’re
given a specific amount of cow dung and a given specific amount of water
they have to put into the digester.

Is it equal amounts?

Yes it’s equal.

What kind of maintenance is important to make sure the biogas plant is
working properly?

The maintenance we normally gives the customer is for the chiko, cleaning,
how is they securing the chiko, this way not that way, so there’s a way that
we normally gives them. Then the digester, it has to be fed, that’s the main
one. The second is, we normally we normally encourage them to plant some
plants around the digester for soil compactivity. To keep the soil from
moving away from the digester. Then another thing is we normally
recommends them to put a fence around the digester.

Does it cost anything to maintain the biogas plant?

No.

Do they have to clean it?

Cleaning, it cleans itself, there’s nothing. Like this one, once you put here
there’s nothing else, you clean here, it cleans itself.

Do you connect the GesiShamba to toilets as well?

We have not started for the toilet but we have done one in Dari Salam, I’ve
done one in Dorct that is for research so we are waiting for the results to
come out. But we have not started this, the SimGas, on toilets.

Do you think you will go through with the toilets?
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By the next three months I will put one.

Do the clients usually want to put in a toilet?

Yeah the clients wants so much, the toilet so much. I have about 30 school
who wants this for their toilets.

Are there any farmers who want the toilets?

Yeah there are farmers, I think about 14 farmers here in Kenya.

Do you do a lot for schools and like hospitals?

I’m moving towards that direction because once we’re producing toilets in
our certain development is a 94% free pathogens, it’s not 100%.The partner
I was doing it with I said as indicated that it has to be 100% free of
pathogens. So I am trying to get that element of now to admit the 6%
remaining. So once I get the 6% then I’m through. The pathogens I want
them to be free to be undered by human waste. The pathogens are the, their -
-- comes from the digester. We want it to be very free so that you can be
able to undered by human beings.

What’s the most common feedstock, the thing that you put into the digester?
The most common thing I’'m doing is pig manure, cow dung, siso which is
waste from plants, the kitchen waste the leftovers after cooking in the
kitchen after they’ve finished eating, the leftovers, then banana stems.

Is any feedstock better than the other ones?

For example if you put banana it’s the best.

So it’s better than cow dung?

Yeah.

And if you mix cow dung and banana?

Number one, perfect. If you have cabbages, they’re chopped, they go there.
Because they’re biogradeable, those are biogradeable things.

What does the payment look like?

SimGas has partnered so many micro finances. If you’re not able to pay
cash then I can take you to one of our partners who can give you a loan.
Do they have to pay everything at once?

No. The partners they give us the money, they would --- with you as a
customer. You’ll be paying the loan up to 18 months, it depends with your
suitability. You can either pay 18 months, 36 months or the way you’re
comfortable with.

If I want to pay by cash, do I pay at once or how do I pay?

No you pay twice. You can pay even three times, some are four times. You
can pay 60% down payment, pay for an installation. After an installation
and the commissioning you start paying now the remaining amount in four
times.

You have the digester, do you also have all the pipes, do you buy all the
materials?

What we do is price includes everything. The only thing we does not
include is pit preparation, the where the digester is coming to live.

Who was responsible for the establishment of the company?

SimGas was started by two brothers, Sane Kastro and My Kastro, in the
Netherlands. They came to Tanzania, they partnered with Ser Africa who
were the makers of SimTank. Then they came to Kenya, I partnered with
them, so I’'m one of the directors of SimGas. So we partnered with them
said that they can launch, they can be able to access the Kenyan market.
Then now we were welcomed by KENFAB, KENDBIP, said that they can

143



Sara:

Moses:
Jennie:
Moses:

do, they can give us access to the market for us to do certain development
and can be able to put biogas systems. After putting biogas systems in 2012
July we did the testing for about three to four months then they said now the
digesters are good, you can come and install. So the owner of SimGas, was
started in Netherlands by two brothers.

Are there any government agencies involved in SimGas?

Don’t think there’s any government agencies, no.

How many partners do you have?

We have SNV, we have. Ok one, there’s SNV, there’s now the KENDBIP,
we have HIVOS, then there’s other partners we have entered partnership
with. We have about twelve of them.
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