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Executive Summary 3

Executive Summary

The NGOVétérinaires Sans Frontier@&elgium(VSFB) supports local populations to improve livestock keepiagd
other related aspectssuch asnatural resources managemeand micro-loans In 2013, ENEA conducted a study to
assess the opportunity for V&-to include domestic biogas energy within its scope of activities in Rwan#@l4
VSFB launcled the EVE projecto install 100 biodigestersand provide capacity building to smallholdermersin
Southern Rwanda withii years The project is strongly integrated to the local context, partnering with a local feder
tion of farmers, IMBARAGA, to implement the projexatd everaging theRwandarNational Domestic Biogas Program
(NDBP). In id 2015, ENEA conductednew study to provide VS with an intermediate evaluatiowf the project, a
preliminary assessment of its impaets well agsecommendations to scaiap.

VSF. Kk La.!w!D!Qa FOGA@GAGE 2y 0A 2 3lthanksdd ankefiglent éagprdach9 + 9 L.
combining sensitisation and financial and technical support.

By September 2015, half of the target of the pilot phase had been reaghsfl biogas systems were installed or

under constructiong and the remaining half waskkly to be reached by the end of the project. This is the result of an
efficient approach for domestic biogasstribution set up by VSB / IMBARAGA. Intensive work of sensitisation of
farmers combined with an adapted financial support scheme (additismasidies and guarantee funds for credit) and

with technical support and monitoring of farmers are the three pillars on which, VSl La. ! w! D! Qa & dzO00S

Endusers are highly satisfied of biogas systems and use, thanks to the robustness oftth@ldgg and the various
outcomes delivered. Although the initial levers for biogas adoption by farmers were fuel savings and convenience to
cook, other outcomes appears to be as meaningful to them once they start using the system: increased convenience
to boil water or milk, increased hygiene of the kitchen, increased hygiene of toilets, reduced time to collect wood and
use of bioslurry as fertiliser agent.

Impacts of the project on climate change and on livelihoods already materialise and most of them beill
measurable at the end of the project.

Biogas is used to cook and boil water but former cooking fuels (i.e. wood and charcoal) are still used for time

consuming meals such as beans for which biogas production is insufficient. However, savings cmadodimited

cases on charcoal, are significant even though their measurement at the pilot survey stage includes uncertainties.
Significant improvements on hygiene and sanitation thanks to biogas use were proven on a qualitative basis for smoke
exposurein the kitchen and for toilets hygiene in particular.

The use of daselinemeasurement is key to enable for proper impact assessmaeiite end of the project. Surveys
should be conducted in the same period of the year and at the house of the farmertheitmost knowledgeable

person as respondent for each topic. While most of indicatessed by ENEA in the pilot surviy impact evaluation

are suited and measurable, those involving the measurement of daily quantities should however be measured by
biogas users directly during evaluation campaigns (cow dung fed into the digester, cooking fuels savings, daily use
time of cooking and lighting devices).

Although domestic biogas is suited to a limited fraction of farmers in Rwanda, the potential to scalthepproject
is significant if subsidies frorpublic authoritiesare maintained.

Adopting biogas requires holding at least 2 adult cows and subscribing to a credit which is suited to the wealthiest and
most progressive paof farmers in a rural villag&his automatically restricts the number of farmers who could adopt
biogas. However, a target of 450 to 900 new ersers is estimated to be realistic for a scale up phase in the 3 districts
currently covered and for a 5 years period (22021), if subsidieBom public authoritiesare maintained.

VSFB / IMBARAGA have achieved a considerable work in the pilot phase by implementing biogas in villages where the
technology was completely unknown. The power of sensitisation by current users of the technotbggervillages
should now be leveraged in a scale up phase.

Finding sufficient funding from investors to finance such a scale up and seputitig subsidies remains the main
challenges for VSB to leverage the success of the pilot phase and multiplyniggct on farmers and climate change
in Rwanda.

AN
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1 Introduction

1.1 Domestic biogas presentation

Communities that rely mostly on agriculture and livestock farming in developing countries can face strong pressure
related to:

A Energy accessnergy access plays key role in poverty alleviatioiftime gain, energy expenses reduction,
health benefits, increased productivity...), but for instaricés estimated thatin Africa68% of the population
live withoutaccess ta@lean cooking facilitieand 70% do not have access to electridity2].

A Resources depletionthe wide use offirewood or charcoalfor cookingcontributes tolocal forests depletion,
which in turn makes firewood collection and charcoal makiagderin deforestedareas thus contributing to
energy poverty of local populations

A Climate change mitigationagriculture {.e.the production of crop and livestock products) accaifir 13.5%
of globalGreen House GaseGKIG emissiong3] and extensive systems are sometimes blamecdhforing a le
ger contribution to climate change per kg of prodtizan intensivesystems.

In thiscontext, domestic biogas productiortan help rural communitiebenefit from a cleaner and more sustainable
source of energy while reducing their need for traditional biomass atayiaing current pressures on the envine
ment.

Biogascan be poduced through thenatural degradation of dung in the absence of air, through a process cailled a

aerobic digestion or methanisation. This process occurshiodigesterwhich mainly consists ofnaair tight vessel

Different types ofbiodigestes are characterised by their shapes, sizes and construction matediasS S 9 b 9at Q& LJdz
tion [4] for more details on biodigestersyheflammablegasproduced from this process mainly composed of miet

ane (CH); it burns cleanly andan be used as a fuel for cookinglighting, in substitution to solid biomass or fossil

fuels.

Besides biogas, the ethanisation process producdso-slurry, a solid effluentesulting from the digestion of organic
materials. It mainly consists in a mix of digested matter and water, with a high concentration of mineral substances
and nutrients such as nitroggiN), phosphorougP) potassium(K)and magnesiuniMg). As a consequence, b&urry

has valuable fertilising properties and is particularly interesting in a predominantly agricultural context.

1.2 Context in Rwanda: the National Domestic Biogas Program

The National Domestic Biogas Program (NDBP) in Rwanda aims at promoting sierdifuthe biogas technology at
domestic levels for farmers and in public infrastructures such as prisons and schools. The program is managed by the
REG (Rwandan Energy Group) under the authority of the Ministry of Infrastructure (MININFRA). It hasdteenc

2007, initially partly financed by the Dutch government through GIZ until 2011, and currently fully financed by the
Rwanda government. In 2007, biogas was a completely new technology in Rwanda. A significant efipaoity

building andskill transfer has beemmade since then, in particular with the support of Sixd feedback from the
Tanzanian experiencdn Rwanda, rare than 500 masonsvere trained to bbgas technology (i.e. construction
techniques and maintenance services), out of whichuad 200 were particularly activand created a total of
approximately 40 biogas companies officially authorized by the N[BBP

The pfront costs of a biogas system are particularly high compared tal howusehold incomes and represent the
main barrier for the adoption of the technology at household leWel.help overcome this barried ¢ NDBP provides

a subsidy for each system installgde farmerbeingexpected tofinance the rest of theipfront costs, with a possible
credit to a bank or a SACCO (Saving and Credit Cooperatisinplified diagram of the NDBP subsidy mechanism is
given inFigurel. The subgly approval scheme has evolved since the inception of the NDBFe Initial formof the
NDBP,authorized biogas companies apgpt for subsdies to local authorities for final approval by the REG. The
subsidywas transferred to the biogas company fhree instalments, according to a schedule involving a quality
control process by a local technician of the REG (1 REBtechnicians per districtvere entitled to conduct the
quality controls). In mie2015, the NDBP in its initial form was closing tMais under transfer to the biogas unit of
EDCL (Energy Development Corporation Ltd), a branch of the REG unddtNWFRAIN this new version, the
process for subsidy approval and quality control is decentralized from the REG (EDCL) to district authactties.
district is now responsible for the relationship with biogas companies, subsidy approval and field visits to check the
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supervision and quality control for biogas systems construction. Despite this evolution of the program, subsidies
should be maintaiad in the future years accding to EDC[6].

National Domestic Biogas Program in Rwanda

LocalAuthorities Bank/ ..... :
/REG SACCO :

Application ' .
for subsidy T‘ & Subsidy L Credit
Cash

Biogas < Endusers
company — (farmers)

Biogas system

Figurel ¢ Simplified process diagram of the NDBP

The NDBPprovides a similar amount of subsidy regardlesfthe size or type obiodigester. In the example of a RW1

type of biodigestefTablel), the subsidy can represent 37 to 54% of the total cost of the system depending on its size.
In addtion to subsidies for the construction of the biogas system, the NDBP provides, for each constructed
biodigester, a lighting equipmerfior the household (i.ea biogas lamp or a solar lamp

Biodigester Total cost of biogas NDBP subsidy (RWF) Share of NDBP subsid Remaining upfront

type and system (RWF) on total cost (%) cost for enduser
size (M)

RW1 4ni 555,000 300,000 54% 225,000

RW1 6ni 624,000 300,000 48% 324,000
RW18m 712,000 300,000 42% 412,000
RW110m 818,000 300,000 37% 518,000

Tablel ¢ Share of NDBP subsidy on the total costRiV1biogas systems

The NDBP aimed at launching the domestic biogas sector in Rwanda with the installation of 12,500 subsidised biogas
systems between 2007 and 2Q1&nd the goal ofncreasng the awareness of the population anthe capacity and
experience of biogas companieBhanks to this progranthe government initiallyalso expeted a more massiveand
unsubsidizedlevelopment of the domestic biogas sectinrRwandawith a total target of 100,000 systemisistalled at

the national leveby 2017.

By mid-2015, 6,000subsidsed biogas systems had been installedderthe NDBP and no particular development of
unsubsidsed activity had yet beenobservedin the country[6]. According to EDCL, the annual budget avail&dble
subsidisedomestic biogasystems allows the installation 8500 systems per yeawhich is higher than the current
rate of deployment6]. The development of biogas systems is thus not jeopardised by a lack of subsidiésrend i
number of installed biogas systeragceeds3,500 systems per yeathe budget for subsidies could even be increased
[6]. According td b +e@aduation of theNDBPperformed in 2013, the robustness of the technology (i.e. fixed dome
biodigesters) and its positive outcomes (ex: fuel savings) are identified as strefigibmestic biogas systems

'RwW1, RW2 and RW3 are different types of biosliges, all of them being variants of fixed dome models built in

Rwanda. The RW1 (Rwantgis fully made of burnt bricks and cement while RW2 and RW3 also include concrete and

stones. The RW1 model is the most used type of biodigesters in areas of aafithiy EVE project. Plastic canvas

(plastic tube biodigesters) are an alternative to fixed dome models but have not been the preferred option in Rwanda.
cHyenea 89, rue Réaumur75002 Paris  1+33 (0)1 82 83 83 83 | www.eneaconsulting.com
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implemented at household level so f§r]. However, the high upfront cost of the system for a household was
identified as the main cause for slow diffusion of the technology, despite subsidies provided by th§ZINDBP

Finaly the NDBRenabled thelaunch the domestic biogas sector in Rwanda with the transfer of Kmow on the
technology, the creation of companies able to ensure the construction of biogas systems and a durable frame for
subsidies to increase the affordability the technology to endisers. Nevertheless, the diffusion of the technology is
much slower than expected, possibly due to a remaining high upfront cost of biogas systems or other barriers. The
project and impact evaluationgsformed by ENEA forSFB / MBARAGA also addressne question of barriers and

levers for biogas diffusion at national leyelith key findings and recommendations shared in this open source report

1.3 Context of %. %!inbefention

The NGO/étérinaires Sans Frontiere Belgium (B3Rupports local populationsn developing countrieso improve
livestock keeping anthanyother related aspects. These include mielmans and natural resources management but
also training, emergency aid and peasgotiations

In early 2013, ENEdonducted a preébono support mission for VS, the scope of which was the identification and
analysis of opportunities for the implementation of biogas systems in rural areas of Rw&hddhe main
recommendations of this missioq include local partners from the formulation of the project onwards, include an
activity on decentralized awarenesaising on biogas and work on a financing scheme with local microfinance
institutions (SACCOs) so that farmérave access to loagdhelped VSIB and its local partner IMBARAGHfine and
implement the biogas pillar of EVE (Energie Verte et Elevage) pridfE2ARAGA, one of the main farnfederations

in Rwanda, plays the role of operating agent for the EMiepr and provides expertise of the Rwandan agricultural
sector while capitalizing the knowledge and best practices acquired with WS LINR 2 S O ®

The EVE project implementation spans the years 20016, and its biogas pillar has the overall objectivessthlling
100 biodigesters in 3 districts of Rwanda Southern Province: Huye, Nyanza and Nyamagabe. It also acts as a pilot
phase for VSB / IMBARAGA to prepare a potential seapeof their biogas activity.

Following the previous collaboration with ENBA the project formulation in 2013, V&Fapplied to ENEA Access

2015 Call for Projects to get an intermediate evaluation of the biogas pillar of EVE project and its impacts, and was
selected as a winner for pfoono consulting support from ENEA. MBF IMBARAGA fields of expertise focus on
FIENYAY3 YR FyAYFfa oNBSRAYy3AI YR (GKSANI {y2e6ftSR3IS 2F
However, since this field of action is recent to \BSFIMABARAGA, the ability of ENEA to provide xereal and
independent point of view on the projeat with a background expertise in energy and projects soake and
evaluationsg was perceived as complementary to MSFIMBARAGA knowledge and of potential high addglde to

the project.

9 b 9! Qdivegio tBiSconsulting mission were to:

A/ 2yRdzOG 'y AYUGSN¥YSRAFGS NBGASE |yR S@ltdad dAiazy 2F (K
oA23Fa LINR2SO0¢0

A Conduct a pilot survey and strengthen VBBRAMABARAGA impagtiented and customer sisfaction evaluation
methodology

A Elaborate usefriendly solutions to facilitate future evaluations

A Provide recommendations for the scale of EVE biogas project

1.4 Content and objectives of this document

CKAd R20dzyYSyid Aa RSNBr@d®RBdirFIBEY VOB 6n!biagas actiies.dthads/at sharing
feedback, learnings and good practices developed byB/SMBARAGAN biogas diffusion in the Rwandan context.

¢tKA&d R2O0dzyYSyid Ifaz2 LINRPGDARSA 9 b 9 lutbditiedpridate Poynddrsyail pidjEcO 2 Y Y Sy
developers on the role domestic biogasudd play in the energy access and smallliodpagriculturelandscape and on
the possible leverso accelerate its diffusion.
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2 Biogas diffusion and adoption: feedback from the EVE project

2.1 Process for biogas systems implementation

2.1.1 Description of the EVE process for biogas systems implementation

The EVE process for biogas systems implementation is based on the NDBP frame and provides additional financial and
technical support teend-users. The process is composed of two main phases: first the identification and selection of
end-users(described inFigure2 and Figure3), second the construction and use of the biogas systdescribed in

Figure4 and Figure6).

VSFB / IMBARAGA play a critical role in both phases with a combined role of coordinatior eévhral actors
implied, identification and training of endsers and financial support to the construction of the biogas system. The
financial support is provided with two complementary tools that both aim at facilitating financial access to the biogas
system to end users. On one side, MBBF IMBARAGA provide cement and sand for the construction of the biogas
system in order to reduce the final cost for the easer (i.e. the amount of the credit to the SACCO). On the other
side, VSIB / IMBARAGA providBACCOs with a guarantee fund in cash on behalf ofusars. Table2 gives the
breakdown of the financial contribution for the construction of a biogas system in the case of ZcxbRngester.

With such a financial arrangement, the amount of the credit represents monthly reimbursements of around 10,000 to
5,000 RWKUSD 1 to 7)depending on the duration of the payback period (1 or 2 years).

Source of funding Type of funding Amount (RWF) Share on the total cosi
of the system

REG NDBP subsidy 300,000 54%

VSFB / IMBARAGA Cement & sand 105,000 19%

Enduser Workforce andgravel 15,000 3%

Enduser (through SACCO) Credit 135,000 24%

Total - 555,000 100%

Table2 ¢ Breakdown of the funding sources of a 4RW?1 biogas system in the EVE project

Farmers groups: apillarof VSF k La. ! w! D! Q& | LILINE I OK

Farmers groups gather, at the level of an administrative® céie members of a regional or national farmir
cooperative such as IMBARAGA. In the districts covered by the EVE project, about 60% of farmers are aft
such a cooperative. Farmers gpsiare an interesting instrument to identify farmessitedto adoptbiogas because
it provides a easy access to groups of educated farmers in a given administrative cell (being affiliate
cooperative translategto a certain level of education andaterial conditions). Moreover, farmers groups are us
to try innovative farming solutions and regularly meet to share informatéom best practicesTherefore, VSB /
IMBARAGA first targets farmers groups in the process of sensitisation and seldégiaertial endusers.

“The 4 M RW1 biodigester is the smallest and most used type of biodigester in EVE project so far.

® The Republic of Rwanda is divided into different levels of administrative units: Provinces, Districts, Sectors, Cells and

Villages. A cell comprises several villages accounting for several hundreds to few thousands of inhabitants.
fjenea 89, rue Réaumwr 75002 Paris [+33 (0)1 82 83 83 831 www.eneaconsulting.com
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Phase 1: Identification and selection of endsers

©)

Identification of
potential end-users

BTN < ST
NO© A0 \0O A0 \O A0 \O

Sensitisation Registration  Fieldvisit Application Approval Application Approval
to NDPB for subsidy for credit for credit

Potential endusers (farmers)

Figure2 ¢ Detailed process diagram of the EVE project phase of identification and selection of biogassard
@ Identification of potential endusers

Local authorities at sector level support MSF IMBARAGM identifying farmers groups and the numbe
of farmers likely to hold at least 2 cows in the different administrative cells of the sectorB VS
IMBARAGA then selects the most promising arealés(cillages) where to organise sensitisation sessic
Local authorities also facilitate the organisation of sensitisation sessions with cells representatives.

@ Sensitisation sessions

VSF / IMBARAGA organize sesdithn sessions with farmers groupdentified in the target area or a
village level in collaboration with the cell and village representatives. Several saimitisessions can b
organized within an administrative cell (with several farmers groups and/or in several villages).

Sensitsation sessions with farmers groups generally involve 15 to 30 farmers maegiah have at least
one adult cow. When organized at village level, these sessions can gathemger audience than witt
farmers groups (typicall0 to 100 householdm village sssions) but with a reduced number holding
least one adult cow. Therefore, the farmers groups are preferred target for sensitization sessions.

These sessions aim at communicating on biogas systems, their operation mode and benefits. Condi
eligibility and process steps to acquire a biogas system with the support 6BVSNMBARAGA are als
described to farmers or households at this stage. The session is conducted by the biogas activity r
of VSFB / IMBARAGA with the possible contributiohthe local representative of IMBABA in the cell
the local REG agent for biogas activities and the biogas representative of local authoritiessattor
level. The sensi#ation session is mainly conductéttoughoral communication and posters.

@ Registration

At the end of a sens#ation session, potential endsers interested in the acquisition of a biogas syst
with the support of VSB / IMBARAGA register in a prospect list.

89,rue Réaumur 75002 Pas | +33 ()82 83 83 831 www.eneaconsulting.com
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Fieldvisit

VSFB / IMBARAGA conduct a fielit to all potential end-users registered in the prospect list in order t
check the eligibility and confirm the interest of the farméor biogas. The visit is conducted by the bioc
activity manager of VSB / IMBARAGA with the possible attendance of the local reptasige of
IMBAR&AanNd the biogas representative of local authoritiedts sector level.

To be eligible to the use of a biogas system several conditions are checked:

The farmer must hold 2 adult cows to properly feed the biodigester,

The dwelling mushave access to sufficient water to properly feed the biodigester,
A The dwelling must be located in the official settlement zone of a villagedugudy),
A Sufficient land must be available close to the dwelling to install a biogas system.

A
A

Once the eligibilif conditionsare confirmed, the farmer and visitors discuss various aspects of the use
biogas system and of the procedure to acquire one, including the need for a credit to a SACCO in pa

Application to NDBP

If the farmer is eligible and ferested in the acquisition of a biogas systeme/shefills in an application
form for subsidies of the NDBP, with the technical support of & SEMBARAGA. The application form
then submitted by VSB / IMBARAGA for approvaist to the cell officethen to the sector office.

Approval for subsidy

Once the form is approved at cell and sector level, it is transferred to the national office BEG for final
approval. The REG then selecta biogas companyauthorized under the NDBP to be in charge of th
construction of the biogas system.

Given the current decentralisation of the NDPB program, it is likely that in the future the district offic
be responsible for the final approval of the form and selection ofttlegas company.

Application for credit

The farmer applies for a credit to the local SACCO according to a conventional procedure:

The farmer must have or create an account in the SACCO and should not have an ongoing cre

The account mushave beenactive for3 months and have at least 5,000 RWF of deposit bedore

applicationfor credit can be made.

The credit application requires to define a project and the need for financingq@B8RWF in the

case of a RW1 biodigester)

In discussion with the SACC@e farmer clooses the reimbursement modalities (monthly o

quarterly reimbursements during 1 or 2 years).

A In a conventional procedure, the farmer must provide a guarantee with lands of a value equal
credit, but with VSIB / IMBARAGA providing half the guarantee in cash, the farmer has to provi
a guarantee with lands of a value of half of the credit (65,000 RWF in the case of a RW1 biodic

A A SACCO agent conducts a figldlt to the farmer in order to assess its wealth and reimbursem

capacity.

Previous discussions between MSF IMBARAGA and SACQ@proved the awareness SACCO agent
on the biogas technology anallowed them toproperly assess the eligibility of potential enders to such
a credit.The application of areferredrate of 14%instead ofthe usual24% hasbeennegotiated by VSB
/ IMBARAGA with the partnering SAC@®sll credits for biogas systems

> > >

p>N

Approval for credit

The application for credit is analysed by the SACCO agent and is eventually approved in the
committee for credit (generally held twice a month). A letter of approval is then sent t(BVIMBARAG/
that communicate the information to the farmer aratk for the farmer to confirnhis/her interest in the
acquisition of a biogas system

Lrjenea 89, rue Réaumwr 75002 Paris [+33 (0)1 82 83 83 831 www.eneaconsulting.com

Nt/ CONSULTING



Biogas diffusion and adoption: feedback from the EVE project 11

Phase 2.1: Launching of the construction

Guarantee fund

VSFB/IMBARAGA —b SACCO
\ @ Cement / Funds

Biogas . LocalAuthorities
company /| REG
& @ Subsidy (1/3)
Masonry

Endusers (farmers)

Figure3 ¢ Detailed process diagram of the EVE project phase of the launching of the construction of the bi
system

@ Guarantee funds

After the approval of NDBP subsidies and SACCO credit and final confirmation of potentiaeendill to
acquire a biogas system, VBF IMBARAGA transfer the guarantee funds in cash to the SACCO (¢t
RWF in the case of a RW1 biodigester).

Creditfunds

The biogas company conducts a figldit to the construction site to design the systgim agreement with
the enduser to start the building work. Once the building work officially started, the funds from the S
credit aredirectly transferred fom the SACCO to the biogas company (135,000 RWF in the case of
biodigester).

@ Cement

VSFB / IMBARAGA provides the biogas company with cement and sand for the masonry (equivaler
of 105,000 RWF for a RW1 biodigester).

@ Masonry

The enduser is responsible for digging the hole before the biogas company provides bricks an
masonry work.

@ Subsidy (1/3)

The local REG agent for biogas activities visits the construction site and controls the progress and g
the work after completiorof the masonry work. If the status is satisfactory, the REG agent transfer§'t
instalmentof NDBP subsidies (150,000 RWF in the case of a RW1 biodigester).

Given the current decentralisation of the NDPB program, it is likely that in the future, shrecdoffice will
be responsible for progress and quality control and payment of the subsidy.
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Phase 2.2: Completion of the construction

Biogas LocalAuthorities
< [

Training & Subsidy (2/3)

monitoring & @

Plumbing

Endusers (farmers)

Figure4 ¢ Detailed process diagram of the EVE project phase of completion of the biogas system constructic

Training &monitoring on biodigester feeding

The biodigester must be fed with cow dung and water several months before it starts producing ge
second part of the biogas system (plumbing) is not provided by the biogas company until the biod
startsprodudng biogas.

VSFB / IMBARAGA train the enter to properly feed the biodigester angonitor the quality and
steadiness of the feeding phase.

Plumbing

When the biodigester reaches a steady regime of biogas production (bioslurry stdréespgashedout of
the biodigester), the biogas company installs the plumbing (pipes and devices to connect the biodige
the biogas stovend pressure measurement).

Subsidy (2/3)

The REG agent performs a second progress and quality control on the plumbing part of the const
before transferringhe secondinstalmentof the NDBP to the biogas company (130,000 RWF).

Given the current decentralisation of the NDPB program, ikédyl that in the future, the district office wil
be responsible for progress and quality control and payment of the subsidy.

[ B
Figure5 ¢ Ad

ult cows of a future biogas user (ENEA Consulting)
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Phase 2.3: Use of the biogas system

Guarantee fund
VSFB/IMBARAGA < SACCO

Biogas s LocalAuthorities .
& @ company /I REG f @

Training & . Reimbursements
monitoring Subsidy (3/3)

Endusers (farmers)

Figure6 ¢ Detailed process diagram of the EVE project phase of use of the biogas system

@ Training & monitoring

VSFB / IMBARAGA train the endser to the use of biogas anmdonitor the operation of the system. If an
failure is observed in the biogas system, the -@rs@r benefis from a guarantee of one year provided
the biogas company.

Subsidy

After one year of operation, the REG agent performs a third and last visit fditygoantrol and transfers
the remainingnstalmentof the NDBP subsidy (20,000 RWF).

Reimbursements

The enduser pays back the SACCO with periodic reimbursements according to the conditions of the
agreement negotiated with the SB0 (monthly orquarterly reimbursements during 1 to 2 years). T
reimbursement period starts from the credit funds transfer from the SACCO to the biogas compan
10).

Guarantee fund

When the credit is fully reimbursegfter 1 or 2 years), the SACCO transferskbthe guarantee fund tc
VSFB / IMBARAGA, wcanuseit for another credit.

2.1.2 Evaluation of the process efficiency and identification of levers for improvement

VSFB / IMBARAGA dedicate intense human resources into the identification and selection pritkessensitisation
sessions and fieldisits to potential eneusers in particular. The analysis of the efficiency of the process allows for the
identification of possible inefficiencies and levers for improvements.

Given the geographical approach of MSFIMBARAGA (application of the process on a specific village or cell), the
efficiency of the process can be analysed based on the conversion rate on potentiadensd(i.e. the final number of
end-users compared to the initial number of potential enders targeted)By August 2015, a total of 512 potential
end-users (farmers) had been attending sensitisation sessonbiogasy VSFB / IMBARAGA since the beginning of
the EVE project. However, only 51 farmers were in the construction phase or alieamythe biogas system while
almostall of the other potential endusers had exited the process. This leads to a final conversion rate of the process
of 10%. Considering all the possible barriers for farmers to be willing to adopt and finance a biigas (sge80),

this result can be considered as satisfactory even though it might be improved.

Losses in the conversion of potential enskrs to effectiveend-users are found in the first phase of the processy
(i.e. Identification and selection of engsers). Once the credit has been approved by the SACCO, the construction of
the biogas system is systematically achieweidure7 gives a detailed analysis of the evolution of the conversion rate
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between identification and credit approvaMore than 80% of losses are found in only two steps: sensitisation
sessions (66%&nd application procedure for credit (17%).

Only onethird of farmers attending sensitisation sessions register to go further in the process witlB VSF
IMBARAGA. The most likely cause for such a defection rate is the numbdulotows owned by thesefarmers.
Indeed, most of farmers in villages do ratn two adult cows. Another likely cause is the persistent apprehension of
farmers for biogas despite information given during the sensitisation seskideed, biogas is a completely new
technology forfarmers and some of them do not trust it before successful track records are observed in their village.
Finally, farmers could also be reluctant to go further in the process due to their feaclonfaknowledge on credit
(see80).

Significant losses are also observed at the step of application for a credit to a SAEGEhe 143 farmers approved

for subsidies (step 6), 8¥ave exitedthe process (70 did notpply for credit and 17 quit even though their credit was
approved by the SACCO). This represents a loss of 60% of theapthigistep of the procesasno farmer was able

to self finance the upfront cost of the biogas system. The lack of knowledge on credit and the reluctance to subscribe
to a credit are the two main causes for such a high rate of losses.

Fieldvisits show a high rate of success whichams that farmers registered at the end of the sensitisation session
were aware of the eligibility conditions. No losses are observed on the process steps for subsidy application and
approval by the REGorobably in part thanks to the efforts and support ¥SFB / IMABARAGA in following this
process A large share of farmethat eventuallyappled to a credithad their credit approvedOnly 5 applications out

of 73 have been rejected by SACCOs.

Number of attendees to Number of Number of Number of
the sensitisation sessions applicants eligible subsidy approvals credits approved
H Number of applicants Number of applicants Number of applicants i
for field-visit ' for subsidy for credit
e T i i redi redi
Identification Sensitisation Su_bs d_y llaeibly C ed_t CIreni
application approval application approval
100% | f i E | §

A

I . \i
28% 28% 28% -
11% 10%

34%

Figure7 ¢ Evolution of the convesion rate on potential endusers along the first phase of the process

A complementary indicator to assess the efficiency of the process is the calendar time required. Indeed, an excessively
long process is generally a source of inefficiencies aal$ddikely to be unattractive for potential endsers (i.e. have

a negative impact on the conversion rate). According to feedbadke first 50 biogas systems implemented by VSF

B / IMBARAGA the full procefsem step 1 to step 1¢an take 5 months ithe beg cases and up to 12 months in the

worst cases (excluding the period of credit reimbursement). Figure 7 displays the time required for the gnagntse

of the process in the best and worst cases. Three main causes of delay are identified.

First, someSACCOs can be slow in the procedure of analysis and approval of the credit application (up to 2 months
instead of 2 weeks in the best case). The most efficient option to reduce delays would be to partner with the most
efficient SACCOs only but this is rpmissible given the lack of competition (currently there is only one SACCO
establishment per sector). Therefore, levers for planning improvesatnthis stage are limited.

Second, biogas companies can create significant delays in the launching phaseafhstruction. In the worst cases,

the masonry work is started up to 2 months after the funds transfer from the SAC@® biogas compangndthe
agreement with the farmerto start the work According to VSB / IMBARAGA feedback, this delay occurred
repeatedly with the same companies while other biogas companies systematically started the work quickly after the
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funds transfer. A preferred partnership with the most responsive biogas companies could thus improve the planning
of the processbut has to bebuilt with the authorities in charge of selecting the biogas company for each system

Third, farmers can take a long time to properly feed the biodigestertarstart produdng gas which is a condition

for the biogas companto complete the constructionin some cases observed by MBFIMBARAGA, this step of the
process took more than Bionths while it should normally take less than 2 months. In addition to the delay produced,
inappropriate feeding of the biodigester creates dissatisfaction on farniée sind negative image of biogas at village
level (i.e. the farmer can feel cheated when noticing that the digester does not produceAdémugh VSFB /
IMBARAGA already put significant efforts and time im&oning and monitoring farmers in thbiodigester feeding
phase, a particular attention should be devoted to this step in order to control the risk for delays and negative
externalities (i.e. dissatisfaction and negative image).

Best case 1 3 3 3 3 ;
scenario @ -® ' @ ' © ' ' ' ' ' ' '
: : : : : : : Bi : : ‘ :
U D WA E S /A \pico- A Y/ \N -
Worst case ' ' ' ' . : : :
scenario @ @ ] @ j — ©— ; ; j ’
! ! ! ' Delays for the analysis Delays to launch ! Farmers do not properly !
i i i and approval of the construction after i feed the digester
i credit application funds transfer : :
Months
0 1 2 3 4 5 6 7 8 9 10 11 12

Figure8 ¢ Planning performance of th&VE process for domestic biogas implementation

Finally, the process designed and used by-$FMBARAGA is found to be efficient despite numerous actors and
steps involved. The current conversion rate of 10% is satisfactory given the initial lackwdédge of farmers on

biogas technology and the need for farmers to hold 2 cows to be eligible. It could however be increased with
improved communication and sensitisation on biogas and specificakyeaalits andSACCOs (see recommendatioms

§2.4). In best conditions, the process can take a reduced calendar time (i.e. 5 months) but some critical delays can
significantly affect this performance (i.e. up to 12 monthBhe selection of the most efficient biogas companies and
significant efforts dedicated to farmers training and monitoring to feed the biodigestereoable the reduction of

this risk.

SACCO

Figure9 ¢ SACCO dfaramasector, Huyedistrict (ENEA Consulting)

* Inappropriate feedingf the biodigester can be caused by irregular feeding or wrong proportions in the dung and
water mixture.
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2.2 End-users satisfaction: challenges and opportunities

The endusers satisfactionvasassessed based on a field survey conducted by ENEA on currensersdof the EVE
project with questionnaires jointly administrated with the it evaluation.

Figure 10 displays the level of satisfaction of enders regarding their experience with biogas and with-BSF
IMBARAGA along the project proceBsidusers declare to be very satisfied with their overall experience of biogas
and VSIB / IMBARAGA support and with the two trainings provided on biodigester feeding and biogas use in
particular. According to feedback collected in focus groups (8gdt&e main reasons for this high satisfaction rate are
the ease of operation of the biogas system and its positive outcomes and close and reatirggtand support
provided by VSB / IMBARAGA to engkers. The seldom cases of dissatisfaction are due to technical problems not
solved yet at the time of the survey.

Overall satisfaction VSFB/IMBARAGA training for VSFB/IMBARAGA training for
biodigester feeding biogas use
Very satisfied | 26 Very satisfied . 25 Very satisfied | 26
Satisfied | 0 Satisfied |, 1 Satisfied | 0
Slightly dissatisfied| 0 Slightly dissatisfied || 1 Slightly dissatisfied|l. 1
Very dissatisfied |1, 2 Very dissatisfied || 1 Very dissatisfied |l 1

Figurel0 ¢ Satisfaction of eneusers regarding their experience with biogas and with ViSF IMBARAGA along the
project process

Figurell givesinformation on the technical psblems encountered by endsers with their biogas system. Among the

28 endusers interviewed, only 6 encountered a technical problem, all during the period of guarantee (i.e. first year
after the construction of the system). Thus the biogas company whiahufactured the system provided the
necessary repairs without additional costs for emgkrs. The technical problems encountered were due to a
manufacturing default on the biodigester (masonry), on the piping or fittings (plumbing) or on the feeding system
(handle to mix the cow dung with water). Among the biogas companies involved in the EVE project so far, some of
them are responsible for most of technical problems as well as delays in the construction phase.

Number ofend-users thatencountered a Sources of technical problems encountered
technical problem

6 Biodigester |G
’ 100% are/were
under guarantee Piping of fittings NN 3

Feeding syster |, 1

Figurel1l ¢ Statistics on the technical problems encountered by ewnders with their biogas system

Even though endisers satisfaction is already high, MBBF IMBARAGA could easily improvédoytworking with the
most satisfactory biogas companies. Moreover, the high satisfaof endusers is a strength that V& IMBARAGA
could leverage to communicate and sensitise new potentialesers on biogas.
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2.3 Adopting biogas: levers and barriers

Adoption of biogas by farmers relies on a series of levers to mobilise (attragtiserand barriers to overcome
(reluctance). An analysis of such levers and barriers is proposed, based on the field survey conducted by ENEA on
current endusers, former potential eneusers who exited the process, sector representatives for biogas, SACCO
managers and workshops and discussions with the staff 0BVSMBARAGA.

According to endusers, their interest in biogas before they actually useas mainly irthe reduction of expenses for
cooking or lighting fuels and the use of a more conven@uking solution. However, various additional benefits can
be expected from the use of biogas. Among them, the most often mentioned in the literature (and observed®y VSF
/ IMBARAGA) are: the reduction of smoke exposure, the production and use ofliade(tioslurry), the reduction of

time to collect fuel, possible increase of hygiene with toilets (if toilets are connected to the biodigester) and the
improvement of the social status of the emder in the village thanks to the use of an innovativéntexiogy.

Figurel2 gives the average ranking of actual benefits of biogas use byiead among a series of 8 optigm®posed

in the surve37/. A significant balance in the final ranking is observed betweeprgtiosals with the first 4 being at a
similar level and no proposal being with an extremely low score. Biogas thus produces various benefits whose
importance varies significantly from an ender to another. Plus, the initial sources of interest for -@1sérs are not
systematically the most important benefit observedce they start using the biogas systeiherefore awareness of
potential endusers should be raised on all of these benefits in order to maxithisechances to leverage their
interest in bi@as (during sensitisation sessions for instance).

T T T T T T ———

i |
Less smoke in Boiling water is Cooking is moré.ess expensesfo Improved Lesstime spentUse of bioslurrylmproved social
i
1
i

Score

the kitchen more convenient buyfuelsfor: hygiene with collecting wood status
convenient lighting and ! toilets
cooking |
J

Y
Main reasons for interest in
biogas before actual use

Figurel2 ¢ Initial and actual benefits of biogas use ranked by enders

Figurel3represents the barriers to be overcome by a farmer to adopt biogas, according to the feedback from the EVE
project stakeholder Each barrier is positioned along the process and classifientding to three categories.

The first category (red area) contains barriers that are inherent to the situation of a farmer and that cannot be
overcome within the frame of the EVE project. Technical eligibility to biogas and financial eligibility itofared

®In addition to theindividual questionnaires jointly administrated with the impact evaluation, ENEA conducteid mee

ings with endusers in groups toaher collective feedback and discussions. Three discussion groups have Ipeen co
ducted with 32 enelsers: Huye (8), Nyanza (9) and Nyamagabe (15).

®A sample of 15 former potential engsers has been interviewed individually.

" Each eneliser interviewed wth the individual questionnaire has been asked to rank the 8 proposals by decreasing
order of relevance according to its actual experience with biogas. Each rank was given a score (from 8 points for rank 1
to 1 point for rank 8) and the final score of apbsal is the sum of the scores for each arsar.

® potential endusers, actual endisers, SACCO managers, sector representativesB Y8ABARAGA staff.
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farmers are the two inherent barriers for biogas adoption on which-8®$FMBARAGA cannot have an impact. The
need for a famer to hold two cows is notably responsible for &tdraeduction of the number of potential endsers.

Even though finanal conditions of a farmer are inherent tas/her situation independently from the EVE project,
VSFB / IMBARAGA still contribute to overcome this barrier for a part of potentiatumeds thanks to additional
subsidies (i.e. cement) to reducketamount d the credit and thanks to the guarantee fund provided to SACCOs. This
barrier can therefore be positioned astride the first and second category.

The second category (blue area) contains barriers thatB/SFMBARAGA contribute to overcome for a part of
potential endusers: the lack of knowledge of farmers on biogas, SACCOs and credits and their reluctance to credit.
The sensitiation sessions and the field visit to potential easers are two critical steps in the process where-B3F
IMBARAGA remowtese barriers for a certain number of farmers, thanks to intensive communication and discussion.
According to the feedbaslgathered from project stakeholders, a significant share of farmers living in villages where
VSFB / IMBARAGA operate would be tedatadly eligible to biogas but are nget willing to adopt it, due to one or
several of these barriers. Therefore, there is a likely margin of improvement on the removal of these barriers thanks to
increased sensgation of potential farmers on biogas, S&0s and credit.

The third category (green area) contains the remaining barriers faced byssrd and that VSB / IMBARAGA
systematically contribute to overcome. It consists in a series of possible fears or doubts on biogas mentioned by
current enduseas such as the fear of handling a flammable gas, doubts on the real outcomes of using biogas, the
uncertainty on the reimbursement capacity of the househd@@me of these fears and rumours are linked to past
experiences of earlier neworking biogas systas build in the villages under other progranihanks to the initial

field visit and close support to potential enuers afterwards in the process, VBFIMBARAGA greatly contributes to
inhibit these fears. Nevertheless, adopting biogas in a ruralgelia Rwanda still remains an innovative act that
requires a progressive protagonist.

P I Subsidy Subsidy Credit Credit
Identification Sensitisation S o
application approval application approval

100% ; )
Potential endusers i
N : ¢

10% Final endusers

Technical eligibility
AAtleast 2 cows
AAccess to water
ASite inimudugudu ! \ Ny P
ALand available ! 1 | Financial eligibility N
i | AReimbursement capacity| !
i | ALand guarantee
i ANo ongoing credit

Barriers that cannot
be overcome in the
frame of the EVE
project

Barriers to overcome | Lack of knowledge on biogas

by a higher share of L

potential endusers Lack of knowledge on SACCO |
with improved support i ‘

of VSFB / IMBARAGA | Cultural reluctance to bank credits |

Barriers already !
overcome by g
potential end-users g |
with the support of
VSFB / IMBARAGA

Fears on biogagsafety, rumours, real outcomes)
1

Figurel13 ¢ Barriers to overcome by farmers for biogas adoption
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2.4 Recommendations to accelerate biogas diffusion and scale up the
project

In the 6 administrative sectors currently covered by the EVE project, it is estimated that rural villages account for a
total of 1,500 to 3,000 potential biogas emders (i.e. households holding at least 2 adult cows). This represents a
large resource of futuer biogas endiserseven covering onlyhe current geographical area of the EVE projédtthe
national leve] Rwanda accounts for close to 400 administrative sectors and tens of thousands of rural households
currently eligible to domestic biogas. Therehsis a large potential for the diffusion of the technology at local and
national scale.

The analysis pdormed on the project process and on levers and barriers for biogas adogtiows that domestic

biogas diffusion with VSFQ& | LILINR | OK A & & di@ee@Bh&léss, defargink yiRmpiddemants @e 60 f S a
identified andrecommendationgan be drawrup to improve the efficiency of this approach and accelerate the biogas
diffusionin the perspective of scaling up activitigsd replication through other local organisations active in Rwanda

It is recommended tdkeep theaverage process duratioas short as possible, with a reachable targeft 6 months

from step 1 (identification ofpotential end-users) to step 17 (actual use of bioga¥yith reduced process duration,

VSFB / IMBARAGA will likely increase the efficiency of its human resources allocated to biogas activities and increase
end-users satisfaction. A better control of thgocess duration is also a valuable strength for a possible future-scale

up of activities. To do so, two simple recommendations should be implementedd working with unsatisfactory

biogas companies and dedicate particular attention to the training amibnitoring of farmers on the phase of
biodigester feedingFeedback from the first half of the project shows tlzalimited number of biogas companiase
responsible for most of the delays and manufacturing defaiiterking with the most efficient compaes willreduce

the occurrence oflelays in the construction phase. In the specific context of the NDBPRawbuld require settingup

an agreement with district authorities which are in charge of sabecti biogas compay for each system to install

The hase of initial feeding of the biodigester can dsource of significant delays in the process, even thoughB/SF
IMBARAGA already provide intensive support to farmers at this step. In the first week following the training, it seems
necessary that VSB/ IMBARAGA pay specific attention to check that the farmer properly feed the digester. In order
to avoid excessive allocation of resources in this phase in the following weeks, the monitoring of farmers during the
feeding phase could then be transferrenlrieliable endusers already using biogas in the village.

The presence of biogas technology in a village is a very efficient tool for sensitisation of farmers. The implementation

of the first biogas units in a village is in fact the hardest part of theiteation work. Once the technology is in the

village, farmersare curious and biogas endsers can play an active and efficient role of sensitisation (i.e. trust in the
technology is stronger wheimformation comes from &atisfieduser). VSFB / IMBARAGA have thus achieved aneo

siderable work in the pilot phase by implementing biogas in villages where the technology was completely u

known. The power of sensitisation by current users of the technology in these villages should now be leveraged in a
scaleupphaseLy (KS&S @GAftl3IS&as AG A& (Kdza NBO2YYSYRSR {2 as
identification and preliminary sensitisation of new potential endsers Moreover, the biogas representatives might

also play a positive rol®r the sensitisation of farmersn credits and relationships witBACCOs.

It is recommended that a biogas representative is selected on a voluntary basis, in agreement with the panel of biogas
users of the village. This mode will favour motivation argitimacy of the selected farmers as biogas representatives.
Key functions of a biogas representative would be to:

A Sensitise other farmers of the village on biogas with possible demonstrations of the biogas system operated by
the biogas representative,

A Identify farmers interested in biogas and technically eligible in order to set up avigikdwith VSFB / M-
BARAGA,

A Identify if a new sensitisation session should be organised in the village.

With such a representative in villages, MSFIMBARAGA will beble to increase the number of endsers in villages

with reduced efforts of prospection and higher availability of the staff to conduct sensitisation sessions inl-new vi
lages. According to the feedback of current arskrs, each village currently accoufas a potential of 10 to 15 fan-

ers technically eligible to adopt biogas. The diffusion effect of biogas thanks to biogas representatives coufgt thus si
nificantly increase the conversion rate of the approach in a-tith perspective (i.e. several yearea first biogas
systems implementation in a given village).

AN
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Finally, he conversion rate could be increased with improved sensitisation sessidi®e process and barriers
analysis for biogas adoption shows that more farmers could be reached duringisaitit sessionsSensitisation
sessions could be improved thanks to several possible and complementary options:

A General communication on biogasebefits should be more comprehensivand leverage the positive impacts
observed on eneusers of the pilot phas:

- All the benefits declared as meaningful by actual -esgrsshould be mentioned with specific attention
during sensitisation sessiolsee80)
- Argumentation orbiogas benefits should use examples and feedbtiokn the project feedback.

A The positive and practical testimony of current engsers should be leveraged to sensitise farmeta this
purpose, an endiser of another village (possibtile biogas representativejould participate to sensitisation
sessios (see 9).

A A short movie of typically 5 to 10 minutes, produced by VBFIMBARAGA could besed during sensitisation
sessions in order to provide a practical description of biogas and its benefitee movie shouldocuson bio-
gas only, and not on the project or the process to adopt biogas. This movie could be used as an alternative or a
complanentary tool to thetestimony ofend-usersduringsensitisation sessions. In a lower extent, posters could
be used to desribe biogas systems, thdienefits and the project process.

A The sensitisation session should also focus on the description of SA@Gsredits and generate discussions
with the audience on the possible fears and reluctance of farmers with cretlis could be achieved with the
support of a SACCO agent or with the support of aneset already familiar with SACCOs and credit. Pedctic
examples and feedback from eners should be used to illustrate the eligibility conditions for credit and most
of all, to explicit the eventual satisfaction of enders on credit despite his/her initial reluctance.

C2NJ Ayaidl yOSs 9b9! Q& &adz2NBISe ausess gsavings Kl fiels fidhtibiogasieduals’ A T A O
or exceed the reimbursements of the SACCO credit. This feedback is a robust argument to sensitise farmers on their
actualcapacity to reimburse a credit subscribed for biogas.
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3 Social and environmental impacts: feedback from the EVE
project

3.1 Scope

ENEA conducted @ilot surveywith VSF. kL a. ! w! D! Q& {useis ¥f the pfojedt indrAdr th prépsr®
impact evaluation to be handled at the end of the project and to assess impacts that already materialized at mid
project. The pilot survewas designed to cover the 3 dists of Rwanda in which V&~ IMBARAGA operates: Huye,
Nyamagabe and Nyanza. In each district, three types ofuseds were interviewedTable 3): current enduses
owning a biodigester that already produces biogas, currentesets owning a biodigester in construction or feeding
phase, and farmers that were identified as potential erskrs by VSB / IMBARAGA.

Questions regarding the baseline (status before hgwiogas) were asked to all types of respondents, while questions
on the status after having biogas were asked only to currentus®ts with biodigesters already producing biogas. It
has to be noted that baseline questions for current users of biogas wet asked initially before the commissioning
of their biodigester. Building a baselirexpost requires to rely strongly on the memory of respondents, which
provides high uncertainties on data. Also, while the pilot survey enables the production ef sefirof indicators at

the project midterm, another survey at the end of the project (endline) would enable to better understand the
impacts, and capitalize on lessons learned from the pilot survey.

The survey questionnaire included both impaelated questions and customer satisfaction oriented questions.
Results related to customer satisfaction are presentegection2.2. Theimpact evaluatiorresults obtaired from the
pilot survey on 28 endisers and presented i83.4 will have to be confirmed by VE/IMABARAGA in future
monitoring and evaluations.

Ola e a agabe a a
todate surveyed| todate surveyed| todate surveyed| todate surveyed

LIRS 39 28+ 8 8 19 10 12 10
(baseline + endline)

Feedlpg/constructlon 9 7 2 2 7 5 0 0
(baseline)

G 23 15 11 5 6 5 6 5
(baseline)

e 71 50 21 15 32 20 18 15

* 2 of which did not use gas at the time of the interview (dysfunc

Table3 ¢ Number of EVE project endsers to date and pilot survey sample (August 2015).
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Figurel4d ¢ IMBARAGA surveyor and EVE project arskr(ENEA Consulting)

3.2 Expected impacts: theory of change

Evaluating the impactsf an activity consists in evaluating changes that can be attributed to this activity. Changes can
be evaluated at different levels: direct outputs of the project, direct changes on target population (outcomes or r
sults) and longeterm changes on the tget population (impacts).The first step in building an evaluation is thus to
RSAONARGS GKS GiGKS2NE 2F OKIy3IS¢e¢z AdSd (GKS Ol dzalkt OKIF A
items to evaluate at each step of the chain. Indeed, extefaetors might also lead to the same final changes, and
causality is key to attribute the observed impacts to the activity. A theory of change of EVE biogas project is proposed
in Figure16: the project is expected to contribute to environmental sustainability, improvement of livelihoods and
wg Yy RE Qa ™ $r@ gindlgmpécts on environmental sustainability and livelihoods depend on three outcomes

of the project: use of biogas for cooking, use of biogas for Iigh{fmg'nd use of bioslurryThese outcomes must thus
constitute the first level of impact evaluation: they are key to attribute the other levels of impact, and can also be
more robustly monitored proved, and attributed to the project than further level indicatoowever, some further

level indicators on decreased consumption of alternative fuels, improved sanitation, exposure to indoor air pollution,
lighting time, freed time and savings on egg expenses were tested in the pilot survey. Impact indicators chosen for
each category are described§8.3.

L= ST WA > s > ek >

Inputs Activity = Outputs Results Impacts
A Resources A Activity A Outputs of the A Direct changes to the A Long-term changes due
investedin the description activity target population to the project on the
FfrOJeCt A Analysisof the A Sold units, A Access to a service, t’arget population
A Time, $A chainof value turnover,installed creationof a new A Changes in education,
-7 8 activity... health, income, ...

Figurel5 ¢ Causal chain of an activity, from resources to impacts

Wy2yiNRodzZiAzy (G2 wél yRI Q&hisStddy ghad Métsulvey. 2dzi 2F GKS &02 LS
n the frame of the NDBP, endsers were proposed to use biogas lamps and are now provided with solar lamps in
addition to biogas systems.
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Figurel6 ¢ Theory of change of EVE biogas project
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3.3 Impact Indicators

The causal chain anddicators that would be relevant to evaluate€for each impact categor{Natural Resources,
Climate Change, Health, Education and Household budget) are presented hdhaw to be noted that some impacts
are more difficult to evaluate and attribute, and that tlohoice of indicatorslevel of expectancy on precision and
robustness ofresults ofevaluation has to be calibrated with the resources and efforts that can be dedicated to the
evaluation.In this pilot survey, the data for some indicators mentioned below have proved difficult to gather o
unreliable to use. Results and recommendations for future evaluations are providdiand §3.5.

3.3.1 Environmental sustainability

The use of biogas is expected to reduce the pressure on natural resources and contribution to climate change,
through a reduced consumption of alternative fuels used in the baseline (mainly srabdharcoal).

Natural ResourcesReducing the consumption of baseline fuétsainly wood and charcoal for cookingntributes to
reducing the stress on forest resources, and thus to less deforestation. However deforestation at a national level is
linkedto many more factors thathe effects of ongoroject, especially when of a small sizsd measuring the impact

of the project at the final level is thus not feasibla.the pilot survey,the decrease in baseline fuels consumption

was chosen aan intermediate-level indicator to approach the pressure on natural resourc&his decrease was
approached in terms of expenses, for lack of reliable data on masses.

Climate ChangeReducing the consumption of baseline fuels also contribute to fighting Climatagéhaspecially in
contexts were wood resources are non renewablélowever, proving a reduced consumption of baseline fuels is not
sufficient for the overall net effect of diogasproject towards climate change to be positive. Indeed, the net
contribution to climate change depends on the renewability of alternative fuels and on fugitive emigsions
greenhouse gases in productignocesses. Methane having a GWP (Global Warming Rafjeaf 28° [8], and being

the main component of biogathe net GHG emissions of a biogas project can be greatly affected by fugitive emissions
from biodigesters. Uncertainties on those fugitive emissi@re very important: values reported in the literatuase
commonly of 1% to 1.8% at the biodigester 1ej8}[10], and can@ | NB T NdetactaSye2 yF2 NJ 6 KS-0Sa i
scale available technologies in good operating conditjdd$up to more than 10% in some dysfunctional cale3.

The IPC@commends, without further information, to consider a value of B%. For the evaluation of EVE project,

the high level of uncertainties othe amount of biomass saved, on the amount of biogasduced and on biogas
fugitive emissions at the biodigester level lead to the choice of not evaluating the final net impact on Climate Change.
In the pilot survey, he decrease in baseline fuels consumption was used as an intermedatel indicator to
approachthe impact on climate change

2The fraction of non renewable biomass (fNRBRwanda is 98%47).
3 This means that 1kg of methane emitted to the atmosphere contributes 28 times more to global warmintktha
of CQ emitted to the atmosphereThe GWR), of methane was updated to 28 by the IPi@Gts last report (formerly
25).
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Figurel7 ¢ Collect of fuel wood for cooking in Nyamagabe district (ENEA Consulting)

3.3.2 Improvement of livelihoods

Switching from solid fuels to biogas can lead to improvements in the liveihad endusers, and produce direct or
indirect impacts on Health, Education and Household budget.

Health: using biogas systems rather than solid fuels is linked to the improvement efiggrd health through two
causal chaingreduction of exposure to irabr air poIIutioril4 and improved hygiene and sanitation.

A Reduction of exposure to indoor air pollution is due to the switch from solid fuels, which emit high level of fine
particle matter (PM2.5) while burning, to a clean fuel such as biogas which emjtéoweamounts of particle
matter while burning(at least 1 to 2 orders of magnitude lower than the combustion of solid fli3h.
Evaluating the final effects on the health of easers require heavymeans (materials, method, time) and is
not suitable to yield conclusive results at a small scale. Many factors could indeed explain changes in health
conditions of eneusers (better access to healtientres to clean wateK 0 | YR g2 dz R KI @S G2
ensure the attribution of results to the project. Moreover, relying on information from heeaéthtreswould
provide data of unknown quality, as some easkers may not consult the healttentre, for instance as a regul
of chronic health conditions, distance from heattbntre or cost.In the pilot survey, i was thus decided to use
the reduction of time spent cooking as a proxy for the reduction of time spent in the kitcl@nd of exposure
to cooking smokgand to askthe perception of users on the evolution of the amount of smoke in the kitchen
since using the biodigesteltt has to be noted that exposure is linked to time spent exposed to PM2.5, but also
to the concentration of PM2.5 in the kitchen air, which coutd he approximated. While very low amounts of
PM2.5 are emitted by biogas while burning, some PM2.5 are still emitted in the kitchen -ofsensl since they
keepusing partially wood or charcoal, although for a reduced daily time.

A Improved hygiene and saation are linked to the cleanliness of biogas use in the kitchinthe ability to
quickly boil water for sterilizing utensils and to the possibility of connecting toilets to the biodigéstare
pilot survey, end-users were asked whether they had coacted toilets to the biodigester and their
perception on the overall improvement of hygiene and sanitation since using the biodigester.

Education:EVE biogas project could also lead indirectly to improvements in education levels, through the distribution
of a biogas or solar lamp with the biogas sys{%rhiowever, factors leading to better education levels are multiple,

 TheWHO estimated in 2012 about 4.2 million premature deaths worldvdde to the lack of access to clean or
modern energy services for cookifif].
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and the impact of EVE project at the final lewgls not estimated to beneasurableln the pilot survey, itwas thus
decided to approach elucation impacts byasking the perception of users on the difference made by the lamp
provided by EVE project on the time spent studying at home after sunset.

Household budgetthe impacts of EVE biogas project on the household budget are derived sfeveal aspects:

reduction of energy spending for cooking, lighting or fertilizers, and improvement of yields thanks to the use of
bioslurry'® ¢ thus potentially enabling or increasing the ability to sell part of the harvest to generate indartiee

pilot evaluation, measures of the evolution of budgets for cooking, lighting and fertilizers were attemptétie
evaluability of budgets for cooking was better than budgets for lighting or fertilizers, although with high uncertainties
(see 83.4). The lower evaluability of budgets for lighting was due to the occurrence of more external factors and
influences since the baseline (wider variety of lighting sources, purchasthef solar lamps, connection to the grid,
AYONBFrasS 2F fAIKGAYT LRAYyGa Ay (KS K2dzZASK2f RX0® { I @Ay3
in fertilizer usesand in farming activities (type of crops and surface of lands cultivated)

Indirect impacts on livelihoods can also be due to time saved thanks to the switch from solid fuels to hibgalse

pilot survey the importance of time saved was evaluated qualitatively through the ranking by users of the main
benefits of biogas, anftom the reduction of time spent cooking.

Figurel8 ¢ EVE project endiser biogas stoves in Huye district (ENEA Consulting)

> This lamp is mvided throughthe RwandanNational Domestic BiogasProgram (NDBP), which also specifies the
modelof lamp to be distributed.
'® Anaerobic digestion indeed converts nutrients into forms that are more readily available for uptake by[fp&ints
and can lead to increased yields.
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