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Executive summary

Funded by the Dutch Ministry of Foreign Affairs (DGIS), the Danish International Development

Agency (DANIDA) and the European Union (EU), the African Bioggmnent (ABC) in Kenya aims

at facilitating a shift of the biodigester market from its pioneering to the expansion phase where
HnXnmTt &Yl ff -sizedRiodiggsters WilkR dodgivucted/installed. This will be achieved

by means of a welbalancedmix of demaneside, supply side, financing and enabling environment
interventions, geared at boosting demand and supporting small scale and medium scale biodigester
companies in acquiring more clients. The component is implemented by a consortium beBi&en

and SNV (the Netherlands Development Organisation) in cooperation with the Africa Bioenergy

Partnership Limited (ABPexY Sy & . A23Fa t NEBINI YYSODP h@SNI G6§KS LI
companies have constructed and installed over 21,000 small scaligbsters in Kenya.

A recent evaluation of the Biogas Business Boost Benefitting FarmelF3 (48ject indicated that
digesterfunctionality rates have increased from below 60% to 81% in Kenya. The ABC Project would
like to raise even further this rat® 90%. In this report, we define biodigesfenctionality as the

use of the biodigester for biogas production used by households for codkingjgesters are

enclosed vessels which take in organic matter, and in the absence of oxygen, the matter is
transformed, through anaerobic digestion process, into biogas andlhioy. Biogas is used as a

source of energy (thermal or transformed to electricity) and-4liary is used as organic fertilizer.

Functianality is defined as the biodigester producing g@scooking and lighting or both, as well as
bio-slurry which is increasingly important for farming households. It depends on numerous
parameters linked to the construction/installation as well as on the biodigester feeding process.
Functianality is a keyparameter for the reputation of the biodigester sector in Kenya. Biodigesters
have enormous potential for clean cooking access, agricultural productivity, or organic waste
treatment. However, they remain expensive for snsalhle farmers and nefunctional biodigesters

are endangering the reputation of the whole sector. The Kenyan Biogas Programme has made
enormous progress ofunctionality by raisingunctionality rate from 60 to 81%. The ABC project has
set an ambitious goal of reaching 9@%actionality of the installed biodigesters. As such it is of major
importance to measure théunctionality rate of existing biodigesters to establish the current
baseline and identify the main causes of Fanctionality. This will in turn guide the ABC project in
establishing mitigation measures for ensuring quality &nactionality of the biodigesters, thus
facilitating quality assurance and building trust for future end consumers.

In this report, we present functionality assessment survey conducted betweef! May 2022 to

27" May 2022 for domestic biodigester systems in five sampled counties across Central, Western,
Nyanza, Lower Eastern and Coastal regions of Kenydufd¢tenality of biodigesters was assessed
based on use for cooking, lighting and usehaf bio-slurry for agricultural activities. Through fat®
face surveys, a representative sample of 300 domestic biodigesters was assessed taking into
consideration the number of plants per region, type of biodigester, model, sizes and age of the
plants, anong other indicators that defined the sampling strategy. Data analysis considered
technologies, models, size, type, and gender inclusivity of the respondents, while at the same time
deriving key inferences fdunctionality of biodigester.
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Thekey findings of the assessment include:

Existence of biodigesters Out of the 300 sampled households, 294 (98%) possessed biodigesters,
six households, did not have a biodigestsrthey have sold theilogvs and move to another location
or had thephone number of a former biodigester owner

BiodigesterFunctimality ¢ Eighty two percent of the biodigesters weenctional representing 228

of the 278 households who responded to the questions on bifgactionality. Eighteen percent of
the respondats (50 households out of the 278) had nfumctional biodigesters and stated that their
biodigesters stoppeflnctioning between 0 to 7 years. In this sample, fixed dome biodigester types
reported betterfunctionality than prefabricated biodigester types 84% (144 of 171) versus 79%
(84 out of 107 respondents) respectively. However, prefabricated biodigesters has a 94%

(44 of 47 biodigestersfunctionality rate if one of the brands is excluded from the analysis.

Reasons for noffunctionality ¢ The mains pipe breakage (13), followed by poor construction

(dome cracks, collapsed domes or unfiniskell), lack of feeding (lack of cow dung otadfourer

to feed the biodigesteg 9), stopped by owner including cows sold (3), poor maintenance by
household 2) and destroyed by children playing or pipes stolen (2). Six households did not provide
an answer and four households indicated they have not yet discovered the technical problem.

Maintenance serviceg Twenty eight percent (82 of 294) of all respondersbught maintenance

services and among those, 53% (8 of 15) usually go for firms that did the installation while 47% (7 of
15) seek for maintenance services from firm/individuals different from the installers of the
biodigesters. Sixtgeven households dinot give the name of the firm that offers the services. One

of the reasons given to seek maintenance from a different company includeasponsiveness of

the companies that installed the biodigesters when called for maintenance works. The mean
maintenance cost was between KSH.500 to and KSH 1,000 per single maintenance service call, with
the lowest costing KSH.200 and the highest costing KSH 34,000.

Use of the biodigester for CookingSeventy one percent (212 respondents) of the sampled
households us biogas daily for cooking, 4% (12 respondents) hourly and 88¢g@ndents) said

they use their biodigester for cooking once per week. The no response rate for this question reached
22% (66 respondeniacluding the 6 households without biodigesteranong the households using

their biodigester for daily cooking (212 respondents), 70% of household use their biogas stove for
cooking once to three times a day, while 29% use it more than three times a day for cooking and 1%
did not respond to this question.

Biodigester feeding; Sixty four percent of the interviewed households (146) viithctional
biodigesters (228) reported that they feed their biodigesters daily, while 23% (53) serviced weekly.
Thirteen percent of the households (29) did not respondhis fjuestion.

Bio-slurry Use andunctionality ¢ It was established that 89% (204) of households fuittctional
biodigesters (228) use bi&lurry as an organic fertilizer for their crops. Ninety five percent (194 of 204)
of those withfunctional biodigeters stated that there is an increase in quality and quantity of crops.

Level of satisfaction and recommendatianOf the 228 clients witlfiunctional biodigesters, 64%

were very satisfied, 5% satisfied, 15% somehow satisfied, 1% least satisfied, 2#tsfieisand 1%
very unsatisfied. Twelve percent did not answer this question. Among the 50 clientsomith
functional biodigesters, 59% were very unsatisfied, 5% were least satisfied, 9% were fully satisfied
and 27% did not answer the question.

SEE - Clean Cooking




228 functioning biodigesters 50 nonfunctioning biodigesters

m Fully satisfied
m Satisfied
B Somehow satisfied
m Least satisfied
Not satisfied

Very unsatisfied
No answer 0% 50% 100% = 0% 50% 100%

Figurel - Satisfaction level fdiunctioningand nonfunctioning biodigesters

Eightyfive percent of the clients are likely to very likely to recommend biodigesters to their friends,
family and neighbours (Net Promoter Score &b ). Fifteen percent of the clients are unlikely or
somehow unlikely to recommend the technology (Net Promoter Score of O to 5). There is a strict
correlation between the satisfaction and the likelihood of recommendation. The main reasons to
recommend lodigester is because cooking is effective and efficient (64%) followed by it is a cheap
cooking energy (18%) and it increases agricultural yield (18%). Only a handful of households (11 over
300) answeed providedareason to recommend or not the technolpg

Recommendations

BiodigesterFunctimality
The three recommendations on biodigesfanctionality are directed at the companies that instal
and provide maintenance service to the biodigesters:

1 Develop basic capacity of farmexsddomestic labourerri charge of biodigester feeding
through education and regular training on basic maintenance skills to avoid over reliance on
enterprise technicians.

Technical maintenance response to Amctional biodigesters reported in this study.
Regulamonitoring on the usage of biodigesters with a view to ensure that households are
getting optimum performance of the biodigester.

= =

Bio-slurry application

Bioslurry is a particularly important4product of the biodigester as it has many applications ragnfiom
organic fertilizer to specific animal feed. Organizations (companies and related agencies) involved in
promotion, marketing and installation and service of the biodigesters should train farmers on the benefits
of bio-slurry. Bioslurry also improwke business model of the biodigester for the farmer. Since it is an
important investment for farming households in Kenya, the yield increase due to bioslurry grows farmer
revenues and can reduce the economic burden of the instalments paid to finanactirotogy.

Satisfaction levels
To ensure that the satisfaction levels of households with biodigesters remain high it is recommended
that biogas enterprises conduct the following:
9 Deliberately reach out to households who registered a NPS between Otarakdertain
their concerns.
1 Improve the communication channels between biodigester enterprises and their clients,
especially on prompt and timely redress to concerns and calls from farmers for maintenance.
T A solution could be the creation and maintenamée call centre for biodigester maintenance
and repair, or the creation of an Operation and Maintenance platform based on USSD codes.
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Definition of terms

BiodigesterFunctianality:

A biodigester system utilizes organic waste, particularly animal excretory products to produce biogas
and an organic fertilizer called bghurry. Biodigester consists of an airtight, higmsity container or
chamber within which excreta is diluted in veatflow continuously and are fermented by
microorganisms present in the waste. Based on the definition of biodigdatestionality of

biodigester can be defined as the optimal operation or performance of the biodigester to produce
biogas and bisslurry.

In this study thdunctionality of the biodigester is understood as the use of the biodigester for

household kitchen use in cooking, for lighting and the use eBhigy for agricultural activities. In
this report,functionality refers to those biodigters that were working and producing biogas for
cooking and where the bislurry was used for agricultural activities.

Existence of biodigester:
The report used the word existence of biodigesters to refer to those households who responded yes to
thequiSadGAz2y GR2 @2dz KIFS || 0A2RA3ISAaGSNKE |yR F2ff2¢

Fixed Dome biodigester:
A fixeddome biogas plant consists of an enclosed digester witkea, normovable gas space often
constructed from concrete and brick. Thasgs stored in the upper part of the digester.

Prefabricated Biodigester:

These biodigesters come as a unit from the manufacturer ready for installation. They are prepared
off-site and brought for installation on the ground. They are mostly madefufdigd easy to handle
materials such as plastic. In Kenya, two types currently coexist: tubular and floating drum models.

Technical failures
These are biodigester unable to perform optimally due to the biodigester components breakdown or
malfunctioning of biodigester components which require technical skills to repair.

Non-Technical failures

Inability of the biodigester tdunction arising from poor management and feeding practices such as
lack of feedstock due to sale of animals, improper feedivgg or death or relocation of key people

in the family especially those that were the main users of the plants. Theseenbnical failures
depend on the user and not on the construction or installing enterprise.

Technician:
In this report, techniciamefers to skilled masons tasked with the responsibility of maintenance and
repair of nonfunctional biodigesters.

Biodigester Maintenance:
This refers to the practice of repairing rhuaictioning biodigesters to restore services dnadctions.

Bio-slurry:
Bioslurry is the liquid or sergolid matter discharged at the biodigester outlet after gas has been
tapped for energy. Biglurry can be applied directly as a fertilizer, mixed into the soil or with
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compost. Solid bislurry can be used as a mixtumg non-cattle animal feed such as poultry and
pigs. Liquid bioslurry can be used as insect repellent.

Clean Cooking:

Clean cooking means cooking with clean fuels and technologies which are those that attain the fine
particulate matter (PM2.5) andarbon monoxide (CO) levels recommended in the WHO global air
quality guidelines (2021). The WHO Guidelines for indoor air quality: household fuel combustion
(2014) provide PM2.5 and CO emission rate targets for devices, which are linked to the levels from
the Air Quality Guidelines. The following fuels and technologies are known to be clean for health at
point of use and are categorized as clean for PM and CO household emissions: solar, electric, biogas,
natural gas, liquefied petroleum gas (LPG), andhalcfuels including ethanol. For other

fuel/technology combinations including biomass, the cooking system is classified as clean if it meets
the emission rate targets in the WHO Guidelines (2014), as confirmed in laboratory testing following
an internatioral laboratory testing protocol with tests conducted by a third party.

Juakali cook stove:

This statement refers to locally assembled cooking stoves from fabricated metals. According to
literature, it could be cast iron, steel, ndarrousmetal as per thdomestic biogas stoves
Specification KS 2520:2013.

Satisfaction with biodigester services:
Satisfaction which was defined as optimal working condition of the biodigester, rated on a scale of
0to 5, where 0 was very unsatisfied and 5 (100%ty satisfied.

» i o~

o 4

Figljrez - Prepration o the fedsfoc—l@ RVO

1 https://www.biru.or.id/en/about-bioslurry/application-bioslurry
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Background

The African Biodigester Component

The African Biodigester Component (ABC) project in Kenya aims at facilitating a shift of the
biodigester markein Kenya from its pioneering to the expansion phase where 20johestic and
250commercial biodigesters are to be constructed/installed. This will be achieved through a
well-balanced mix of demanslide, supply side, financing and enabling environmetatrventions,

geared at boosting demand and supporting small and meedinale biodigester companies in

acquiring more clients. The ABC component is funded by the Netherlands Ministry of Foreign Affairs
(DGIS), the Danish International Development Agen&N(DA) and the European Union, managed

by RVO and implemented by GlZ, SNV and the African Bioenergy Partnership Limited (ABPL).

ABC Kenya is a successor of a long list of biogas development programmes:

T LYy G(GKS wmopynQasz (KS DS N ICYstaBed B&firsRRidyaS gkiensibr2 2 LIS NJ
project in Kenya as part of the Special Energy Program (SEP) under the Ministry of Energy
(MoE) and in cooperation with the Kenya Industrial Estates (KIE).

f LY wHnnc GKS | 3ANROdzZ G dzNI £  DtorRevelipRentNd ¥ at NB Y2 G
Agriculture-t { 5! ¢ AYO2N1LER2 N} GSR GKS 02YLRYSyl awSaz2dz
portfolio, under which the use of Biogas and Improved Cookstoves Stoves (ICS) were
promoted. This project ended in 2012.

1 The African Biogas PartneiglProgram (ABPP) ran from 20914 (phase I) and
20152019(phasell). In Kenya, it was called the Kenya Biogas Programme (KBP). While the
first two programmes focused on large domestic and commercial fixed dome biodigesters,

KBP focuses on smaller andma affordable systems. In 2018, KBP introduces the first

prefabricated biodigesters in Kenya.
Mandera///<7

Penetration of biodigesters in Kenya

Turkana

Since 2007 to date, it is estimated that
biogas companies have constructed and
installed over 21,000 small scale
biodigesters in Kenya. This includes the
most recent figures reported under KBP of]
5,016 small scale biodigesters built betwesg
2018 and 2020TheKBPsalesfigures were
reported in 40 of the 47 counties of Kenya
and 91% of the size biodigesters sold
ranged between 4 to 12fnlt is important
to note that 79% of all these total sales
under KBP were reported in 10 counties
with top 5 counties (se€igurel)
accounting for 59% of the sales.

Figure3 - Top 5 selling counties of the 4Bproject 2018 2020
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Introduction to biodigester technologies

Biogas is produced after organic materials (plant and animualucts) are broken down by bacteria

in an oxygerfree environment, a process called anaerobic digestion. Biogas systems use anaerobic
digestion to degrade these organic materials, turning them into biogas and valuable soil products
(liquids and solids)atled bioslurry. Anaerobic digestion already occurs in nature, landfills, and some
livestock manure management systems, but can be optimized, controlled, and contained using an
anaerobic digester. Biogas contains BDpercent methane, 3@0 percent carbomlioxide, and trace
amounts of other gase€ESI, 202 The liquid and solid digested material, called-diarry or

digestate, is produced as a-pyoduct of the digestion process in a biodigester. The slurry is a
nutrient rich material often used a® amendment or biofertilizer. The b&lurry is also effective

due to its pathogen free nature.

Heat Electricity

i

Figure4 ¢Biogas production systen®© GIZ Figure5 - Biogasplant usedfor powergeneration-© CC

Biogas is a versatile, renewable fuel that can be used for production of heat, electricity and/or
vehicle fuel. It can be combusted in gas boilers to produce heat or in gas turbines to produce
electricity. It can also be upgraded to Vel fuel quality by increasing the methane content through
the removal of most of the other compounds present. The Calorific value of biogas is about 6kWh/m
(20 mega joule), 20% lighter than air and has an ignition temperature in the range o766 It is
anodourlessandcolourlesggas that burns with a clear blue flame like LPG.

The design of biodigesters varies depending on the country, climatic conditions, and the feedstock
availability;moreover, design also depends on the policy regulatButh as waste and energy

programs and energy accessibility and affordability. Thus, biogas production may vary from backyard
systems to large industrial plants. In developing countries, domestic-soad# biogas installations

are common with system vafe ranging from 2 to 12 tnThe digester size is limited by the

availability of feedstock. The most common feedstocks are manure from animal husbandries, food
waste, smalhgriculture waste, and sewage sludge. The household systems represent an effective
strategy to enhance rural household life quality because it simultaneously advances sanitation and
rural ecology and increases energy availability and incomes from the small agricultural activities
(Pilloni & Hamed, (2021)).

2 Environment and Energy Study Institute (EESI). https://www.eesi.org/papers/view/fact-sheet-biogasconverting-waste-
to-energy

12
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Types of biodigester

Whereashiodigester technology has tremendous benefits and the potential to counteract diverse

social, economic, health and environmental impacts connected with traditional biomass energy use

AY YSyeéel I GKSNB Aa K26SOSN I QGKdadaditSdyiex&S Ay RS G SN
insufficient consolidated data on biogas plants in the country. The ABC project will collect data on the
biodigestion potential for domestic and commercial systems in Kenya. Further, installed systems may

not befunctioning as expectedr at all: the biogas is either not produced or in low quantities while

in other, the bieslurry is not effectively managed and used. Effectiveness of biodigesters may also

vary depending on the different technologies that exist across the globe. Sorhe te#fahnologies

involve high engineering and investment. However,-tmgt biodigesters are available. In Kenya, the

most common biodigesters are fixed dome and prefabricated.

The tablel presents different types of biodigesters available in the market.

Tablel - Types of biodigester

Biodigester | Description Sample Photo
Type
Fixed dome | A fixed dome biodigester is a dome|
biodigester | shaped, constructed underground
and is immovable.

Construction materials are mainly
brick, mortar, reinforcement such a:
heavy gauge wire mesh or grills,
galvanized iron for gas outlet and
rigid Polypropylene Random
Comlymer plastic for the gas line.

It is composed of a feeding pit
02y ySOGSR KNP dz3 M
(Polyvinyl chloride) pipe to the dom
(the lower part of the dome holds
the slurry while the upper part is the
gas chamber). The dome connects
the expansion chaber through a
steps channel, then a spdler to

the bio-slurry pit.

. B 'ijj
Figure6 - A fixed dome biodigester in construction
. © RVO

Most of the Construction raw

materials are locally available.

The main advantage is that the gas
stored and flows in high pressure tg
the point of use. It performs better
than other models in colder climate.

The major technical challenge
crackdeading to leakage and failure
in case of poor workmanship or
inadequate material combination
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Floating
Drum
Biodigester

A fabricated metallic / plastic tank
open on one end fitting into a
concrete semi underground tank
also open on top.

The underground concrete will serv
as the slurry holding part of the
biodigester, while the metallic /
plastictank is the gas chamber

The gas chamber floating level is
determined by the gas pressure

inside. A sunken gas chamber mea| ¢

less gas and therefore lower gas

pressure, while a raised gas chami]

means more gas and at a higher
pressure.

The main advanageis thatthe gas is
stored and flows under high
pressure due to the weight of the
metallic / plastic gas chamber.
Furthermore, it can be agitated by
rotating the gas chamber hence

minimizing formation of scum in the - -

biodigester.

Major technical challenge
experienced with this type is the
reaction of hydrogen Sulphide {8),
an impurity in biogas, with lron (Fe)
in metallic gas chamber, resulting i
rusting, perforation, leakage and
ultimate failure.

Hybrid models made with plastic g¢
chambers have been introduced an
are available in Kenya.

Toincrease the gas pressure in the
plastic floating drumweight can be
increasedby adding sandbags.
Using PVC gas chamber solves
rusting issues, but lifespan remain

shorter that fixed dome.

Figure7 -

Floating drum plant© CC
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Tubular
Biodigester

Welded from geomembrane PVC o
premium dam liners into large
tubular chambers with slurry inlet
and outlet, and gas outlet on top.
This a plug flow model.

The lower half of the tube along the
length is sunk below the ground
level (slurry chamber) and ¢hother

upper half (gas chamber) is expose| Sy |

above the ground level.

The geomembrane is often black in
to increase absorption of sunlight
heat during the day. Thisatalyses
the methane biochemical productio
process. In addition, the flexible
tubular enalbes agitation hence
minimizing the formation of scum.

The tubular biodigester requires
protection from unwanted access
since it is prone to tampering by
piercing or cutting of the liner. Holej
can be fixed through patching or
welding the liner back.

Thematerials for manufacture are
imported and the welding of the
liner requires expertise and moderr]
technology

The lifespan of the biodigester
varies, depending on the chemical
strength of the material; from less
than 5 years for PVC to over 25 ye;
for HDPE (HigHensity
polyethylene).

A\

Figure8 - A tubular biodigester © GZ .

Balloon
Biodigester

The biodigester is prefabricated in ¢
balloon shape using dam liner PVC
material and installed in a pit, half 0
which holds the bio slurry, while the
other half exposed above ground is
the gas chambe

Weights are put on the biodigester
to boost flow of gas at higher
pressure to the point of use.
Likethe tubular biodigester, it
requires protection from access
AAYO0S AlQa LINRYyS

Figure9 - A balloon biodigester© RVO
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by pricking or cutting of the liner.
This can be fed through patching tq
welding the liner.

The materials for manufacture are
imported and the welding of the
liner requires expertise and moderr]
technology.

The lifespan of the biodigester
varies, depending on the chemical
strength of the material.

Commercial
or

Industrial
Biodigester

From medium to large capacities
usually set up for commercial
purposes in firms with large
quantities of biomass, such as flow;
farms, fruit farms, beweries,
municipal wastewater plants etc.
The biogas generated is often used
for heating and power generation
which in some cases is fed into the
national grid.

Figurel0- Industrial biodigester © GIZ

Figurell- Prefabricated biodigester in Keny® HomeBiogas
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