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ABSTRACT The dissemination of biogas technology was not progressing as it was planned in Ethiopia. Thus, this
research aimed at identifying the institutional factors that influenced the dissemination of biogas technology. The
study was a programme evaluation research type. The existence of less suitable institutional structure, the human
resource gaps, user training gaps, maintenance service gaps, the supply and durability biogas digester accessories,
the absence of biogas stove for baking injera and limited involvement of the private sector were identified to be the
major obstacles for the dissemination of biogas technology. Therefore, among other things, the institutional
structure should be increased to programme implementation woreda level. Standby biogas technicians who can give
immediate maintenance services should be assigned at reasonable distances to the biogas adopters. Biogas being a
new technology to farmers, provision of timely user training to each biogas user household involving women and

children should not be compromised.

INTRODUCTION

Energy is a key requirement to improve all
aspects of human life. However, access to ener-
gy, particularly modern energy, has remained
among the major challenges for most of the de-
veloping countries like Ethiopia. Ethiopia, de-
spite its endowment with the huge potential of
renewable energy sources, such as hydropow-
er, wind, geothermal and biofuels, it still suffers
from a severe domestic energy problem. Accord-
ing to International Energy Agency /IEA/ (2015),
in the year 2013, the per capita energy consump-
tion of Ethiopia was merely 0.51 tonnes of the oil
equivalent (toe), while it was 0.67, 4.2 and 1.9 for
Africa, Organization for Economic Cooperation
and Development/OECD/ countries, and the
world average, respectively. Moreover, as high
as 93 percent of the population of Ethiopia re-
lied on traditional biomass fuels for cooking,
while it was 65 percent for Africa, 77 percent for
sub-Saharan Africa and 39 percent for the world
average (IEA 2011).

To address energy and related socio-econom-
ic and environmental challenges, the develop-
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ment and dissemination of domestic biogas
plants emerges to be one of the promising areas
of interventions, particularly in the rural part of
Ethiopia. However, unlike emerging economies
like China and India, where biogas technology
is well-developed, the technology is still in its
infant stage of development and dissemination
in Ethiopia. Though the technology was intro-
duced about five decades*ago into the country,
the total number of biogas installations con-
structed prior to the establishment of the Na-
tional Biogas Programme of Ethiopia (NBPE) was
only about 1000 (Ethiopian Rural Energy Devel-
opment and Promotion Center /EREDPC/ and
the Netherlands Development Organization /
SNV/2008; Yilma 2011).

The feasibility study on potentials of domes-
tic biogas was conducted in 2006 by SNV-Ethio-
pia (Eshete et al. 2006). The study covered four
major regional states, namely, Tigray, Amhara,
Southern Nations nationalities and Peoples
(SNNP), and Oromiya (Fig. 1) where over 70 per-
cent of the human and about 70 percent of the
livestock population of Ethiopia resides (ERED-
PC and SNV 2008). The study report estimated
that the domestic biogas potential ranges be-
tween 1.1 million and 3.5 million households in
the four regions alone. The report also proposed
a five-year period pilot biogas programme in the
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four regions to the government (Eshete et al.
2006). Thus, on the basis of this proposal, the
NBPE was established in 2008 (EREDPC and SNV
2008). The country envisaged developing a sus-
tainable market-driven biogas sector and con-
structing 14 000 domestic biogas plants within
the first phase (2009-2013) of the programme (Yil-
am 2011). Itis now implementing its second phase
(2014-2017) with the aim of building 20,000 addi-
tional biogas digesters (Kamp and Forn 2016).
Nevertheless, in the first phase, to which this
paper focused, the country was able to construct
only 8063 (57.6 %) of its target set. Hence, for
further improvement of the biogas programme and
technology transfer, investigating the factors that
influence the pace of biogas dissemination was
believed to be a crucial area of research.

Much research has been done on the adop-
tion and diffusion of household scale biogas
technology (Gosens et al. 2013; He et al. 2013;
Kabir et al. 2013; Mwirigi 2009; Mwirigi et al.
2014; Qu et al. 2013; Walekhwa et al. 2009). How-
ever, none of them provided an in-depth analy-
sis on how the institutional factors influence
dissemination of biogas technology. Specific to
Ethiopia, biogas technology related research
done so far in the country has focused on the
operational status of biogas installations (Yilma
2011); a feasibility study of domestic biogas (Es-
hete et al. 2006); cost-benefit analysis of biogas
technology (Gwavuya et al. 2012); factors af-
fecting adoption of biogas technology (Meng-
istu et al. 2016); and overall barriers and drivers
of biogas sector development and its further
growth in Ethiopia (Kamp and Forn 2016). The
last gave little attention to problems of benefi-
ciary households and programme implementing
wing at woreda level.

Objective of the Study

The main objective of this research was to
examine institutional factors that influence the
dissemination of biogas technology in Ethiopia.

METHODOLOGY

The study is a type of programme evalua-
tion research which focused on programme im-
plementation activities as factors influencing
dissemination of biogas technology. It employed
both primary and secondary data. Primary data
were generated using a survey conducted from
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June 2013 to January 2014. Instruments of the
survey were semi-structured questionnaires, key
informant interviews, focus group discussions,
and personal observation. Secondary data were
collected from biogas Programme Implementa-
tion Document (PID) of Ethiopia, books, jour-
nals, magazines, office reports and records, and
internet.

The semi-structured questionnaire was first
translated into the local language. Next, it was
pretested with 15 biogas adopter households in
the real ground. This assisted in improving the
language, removing ambiguity, and refining cat-
egories. Then the actual data collection was car-
ried out in two purposefully selected sample
woredas?. The sample woredas, namely, Ofla in
Tigray Regional State and Mecha in Amahara
Regional State (Fig. 1) were selected intention-
ally. Both woredas were the homes of the larg-
est numbers of biogas installations in their re-
spective regions during the survey time. Biogas
adopter households who bought the technolo-
gy earlier than a year were believed to have rel-
atively better experience and familiarity with its
benefits and drawbacks. Thus, rural households
who adopted the technology earlier than a year
were purposefully screened from the biogas
adopter listand used as a sampling frame. There
were 333 biogas adopter households in the sam-
pling frame (235 in the Ofla Woreda and 98 in the
Mecha Woreda). The sample size was determined
to be 179, based on the general formula devel-
oped by Air University (2002). Then, using pro-
portionate random sampling technique, 126 and
53 biogas adopter households were selected
from Ofla and Mecha Woredas, respectively.

Key informants are individuals who are
knowledgeable, open-minded, articulate, and
cooperative for research interview purpose (Cole
2005; Neergaard 2007). In this research, a total
of 45 key informants, who were supposed to
provide research relevant information, were pur-
posefully selected from various administrative
levels.

For the study, eight focus group discussions,
four per sample woreda, were held. To avoid
the possible cultural influences on free discus-
sions, separate groups were formed for two sex-
es. The optimum size for a focus group discus-
sion ranged from six to eight members (Hennink
2007; Liamputtong 2011). Thus, two male and
two female group discussions, having six or sev-
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Fig. 1. Location map of the surveyed woredas and biogas programme implementing regions
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en members per a group, were formed in each
sample woreda. To ease, the task of bringing
group discussants together, occasions of vari-
ous social gatherings, such as religious gather-
ings, public meetings and public labour days,
were exploited. Focus group discussion helped
to gather information about problems of house-
hold energy in the area, barriers constraining
biogas technology adoption among households,
weaknesses of the biogas programme implemen-
tation, and suggested solutions to improve the
programme.

Data analyses involved programme objec-
tives and activity-based evaluation (Owen and
Rogers 1999), and content and thematic analy-
sis techniques. The major programme activities
indicated in the PID included: promotion and
marketing, training (users, promoters, and con-
structors), institutional support, quality manage-
ment, research and development, and monitor-
ing and evaluation.

RESULTS AND DISCUSSION
Institutional Factors

In this sub-section, prior to the analysis of
institutional factors, the various conceptualiza-
tions of the term ‘institution’ were briefly re-
viewed and then an operational definition for
the term was adapted. Next the institutional fac-
tors, namely, institutional structure, human re-
sources, promotion and marketing, institutional
supports (subsidies, manuals and guidelines,
trainings, and maintenance services), supervi-
sion services, supplies of spare parts, monitor-
ing and evaluation, and research and develop-
ment were analyzed one by one.

To begin with the concept, the term “institu-
tion” has been around and widely used over cen-
turies (Hodgson 2006). However, there has not
been full consensus among scholars on its def-
inition (Aoki 2001; Hodgson 2006; Nelson and
Sampat 2001). For instance, in everyday com-
munications, the term institution is used to refer
some well-known established organizations
(Aoke 2001). In this case, the term institution
seems to be synonymous with the concept of
an organization. Contrary to this, North (1990)
stated the existence of a conceptual difference
between an institution and organization. Insti-
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tution was defined as social rules or humanly
developed constraints that dictate people’s in-
teractions, whereas organization was under-
stood as actors or a group of people working
towards attaining a common goal. Ostrom (2007)
conceptualized institution as a variety of enti-
ties that encompasses organizations and rules
controlling human interactions within and out-
side of organizations. Hodgson (2006) revealed
that an organization is a special type of institu-
tion which is characterized by a) its own estab-
lished criteria to delineate its boundaries or
sphere of influence, and differentiate its mem-
bers from non-members, b) principles of author-
ity that specify accountability, and c) lines of
command with defined responsibilities.

So there is a need to adapt an operational
definition that best fits the purpose of analysis.
Therefore, in this particular research, the term
institution is taken to refer to Hodgson’s special
type of institution which has its own specific
lines of commands with clear accountability,
defined members and membership criteria, de-
fined members’ responsibilities, rules and regu-
lations to be abided by all members, and clear
objectives or goals to be achieved in specified
time schedules.

Institutional Structure

The institutional structure designed for the
implementation of NBPE extends only from fed-
eral to regional administrative levels (Fig. 2). At
federal level, under the Ministry of Water, Irriga-
tion, and Electricity, there is Alternative Energy
Technology Development and Promotion Direc-
torate. Under this directorate, there comes a semi-
autonomous office, NBPCO. The directorate
performs regulatory activities and coordinates
programme stakeholders. NBPCO carries out the
daily routine coordination and programme man-
agement activities. In between the directorate
and NBPCO, there is National Biogas Steering
Committee (NBSC). It is composed of seniors
from major biogas programme stakeholders. The
Directorate’s Director is the Chairperson and the
NBPCO manager is the Secretary (EREDPC and
SNV 2008). Since 2012, NBPCO has become di-
rectly accountable to the State Minister for the
Ministry of Water and Energy (at the moment
renamed as Ministry of Water, Irrigation, and
Electricity), in order to empower the programme
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office better. Therefore, the current Chairperson
for the NBSC is the State Minister.

The repeated structural change in the minis-
try to which the NBPCO belongs could have its
own negative influence on the dissemination of
the biogas technology. During the establishment
of the biogas programme, the ministry was named
Ministry of Mines and Energy, and then it was
reshuffled to Ministry of Water and Energy, then
after Ministry of Water, Irrigation and Energy, and
now Ministry of Water, Irrigation, and Electricity.

Based on key informant interview, the NBSC
currently has only eleven members. In addition
to the aforesaid Chairperson and the Secretary,
the members include two senior energy experts
from the Ministry, a representative from SNV-
Ethiopia, a representative from Institute of Sus-
tainable Development, a representative from
Ministry of Finance and Economic Development,
and heads of the regional Mines and Energy
agencies from the four biogas programme imple-
menting regions. Besides, as stipulated in the
PID, arepresentative from the Ministry of Agri-
culture and Rural Development (currently the
ministry has been divided into Ministry of Agri-
culture and Natural Resources Development and
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Ministry of Fisheries and Animals), a represen-
tative from Ministry of Health, a representative
from Environmental Protection Authority (cur-
rently reformed into Ministry of Environment,
Forestry and Climate Change), a representative
from Micro-finance Institutions, and a represen-
tative from private sector was supposed to be
there (EREDPC and SNV 2008). But because of
their repeated absence, they were no longer re-
garded as members of the NBSC. However, these
stakeholders were supposed to play key roles in
development and dissemination of biogas tech-
nology. For example, the agricultural sector was
supposed to manage and ensure proper utiliza-
tion of bio-slurry. Involvement of Ministry of
Health was supposed to follow up sanitation
and proper constructions of shelters for biogas
digester connected toilets. Concerning to the
agricultural sector, Kamp and Forn (2016) indi-
cated that the weak linkages between the bio-
gas and agricultural sectors undermine the in-
ter-sector cooperation.

The NBSC is responsible for setting an over-
all direction to the development of biogas sec-
tor and providing advices on various biogas re-
lated matters, such as policy, annual plans, se-
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lecting partner organizations, links with donors,
quality standards and guides, and programme
evaluation. It is supposed to arrange regular
meetings twice a year or more when the need
arises (EREDPC and SNV 2008). However, inter-
view with some of the committee members indi-
cated that the committee rarely meets as per the
schedule. It has never been involved in pro-
gramme evaluation in the field. Indeed, it was
pointed out that whenever the committee meets,
it forwards valuable ideas for the improvement
of the programme.

Thus, the NBPCO carries out its duties un-
der NBSC. The programme office gets technical
and advisory support from SNV-Ethiopia. SNV-
Ethiopia, as its roles preset in PID (EREDPC and
SNV 2008), provides various capacity building
services, such as training, technical advices,
networking, and partnership building services
to both NBPCO and its regional branches. Kamp
and Forn (2016) also stated that SNV has been
working as a technical advisor and promoter of
the biogas programme of Ethiopia from the start.

At the regional administrative level, mines
and energy agencies are in charge of regulatory
issues and guardians of the programme. Under
the regional energy agencies, there is also Re-
gional Biogas Steering Committee (RBSC). The
committee is composed of a representative from
Mines and Energy Agency (chair person), the
Regional Biogas Programme Coordination Unit
(RBPCU) manager (secretary), a representative
from Bureau of Finance and Economic Develop-
ment, a representative from non-government
organizations working in the region, a represen-
tative from regional Micro-Finance Institutions,
a representative from biogas stove manufactur-
ers, and a rural households’ union representa-
tive. This steering committee is supposed to carry
out similar tasks as that of the national commit-
tee (EREDPC and SNV 2008). The problem lies
with its functionality. Ninety percent of the re-
gional level key informants indicated that the
committee was not as such active. In any case,
under this RBSC, RBPCU performs the routine
coordination activities including operational and
financial management aspects of the programme.

Below the regional administrative level, only
the Mines and Energy sector has increased its
institutional structure to the woreda adminis-
trative level. Even this Mines and Energy sector
is organized under the woreda’s office of Agri-
culture and Rural Development. To realize im-
plementation of the biogas programme, the RB-
PCU utilizes woreda mines and energy person-
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nel as focal persons. Thus, woreda mines and
energy office is acting as the extension of the
biogas institutional structure and delivers pro-
gramme implementation activities. Besides,
whenever the RBPCU plans to start programme
implementation in a new woreda, awareness rais-
ing workshops about the technology and the
mode of dissemination are known to be given. It
was indicated that the workshops involve wore-
da administration cabinet members. The cabinet
members include heads of sector offices, wore-
da mines and energy personnel, development
agents and rural kebele leaders. The cabinet
members were labeled as woreda-level biogas
sector steering committee, also known as wore-
da multi-stakeholder platform members. The Wore-
da Administrator is the Chairperson and the head
of the Woreda Water Resources office is the Sec-
retary. The Woreda Mines and Energy office is
under the Woreda Water Resources office.
Nevertheless, the biogas steering commit-
tee was not that much functional at the woreda
level either. The key informants mentioned two
basic reasons for this. First, at woreda adminis-
trative level, there are always peak time or gov-
erning seasonal tasks done in campaign such as
soil and water conservation campaign, parasitic
insect elimination campaign, rural road construc-
tion campaign, fertilizer and better seed distri-
bution season. The seasonal tasks made the
cabinet members busy in organizing and lead-
ing the campaigns. Secondly, the cabinet mem-
bers” were changed frequently. Therefore, even
if biogas was discussed as a single component
of the various woreda issues among the cabinet
members, there is always the tendency of ‘Let’s
hear from the horse’s mouth’. The members
could say almost nothing about the programme
and the technology because they were not in-
volved in monitoring and evaluation aspects.
Hence, it is the focal persons of the woreda
Mines and Energy office that shoulder nearly
the entire burden of implementation of the pro-
gramme. However, the implementing wing of this
programme could not be as effective as it was
planned, for at least two reasons. First, in the
institutional structure of woreda mines and en-
ergy sector, there are only two employees, name-
ly, one coordinator and one energy expert. They
are responsible for the implementation of all pro-
grammes related to mines and energy of any type
and report to the higher administrative hierar-
chy. So it is automatic to see implementation of
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biogas programme as a single component of the
diverse mines and energy related duties carried
out in the woreda sub-sector. Even in some cas-
es, the heads of the woreda water resources of-
fices may assign one of the two biogas pro-
gramme focal persons to the water resource
projects (irrigation projects) as observed in Ofla
Woreda. Secondly, the regional biogas pro-
gramme coordinating units do not have a direct
‘chain of command’ or regulatory power over
the woreda focal persons. Thus, upon problem
of programme implementation in the woreda, the
only option for the regional biogas programme
coordinating units is to report the case to the
regional mines and energy agency. Hence, it is
likely for a problem of programme implementa-
tion to be delayed for some days, weeks or even
months, before getting corrective legal mea-
sures. In this regard, Kamp and Forn (2016)
pointed out the existence of frequent negotia-
tion between RBPCU and woreda administra-
tion due to the latter commonly assigns the fo-
cal personnel to tasks non-exclusive to biogas.

Key informants at various administrative lev-
els were asked whether the existing institutional
structure is suitable to the development and dis-
semination of biogas technology. The majority
(84.6 %) of the informants at national and re-
gional levels believed that the institutional struc-
ture had to be expanded to programme imple-
mentation woreda level. The programme imple-
mentation level was indicated to be weakly or-
ganized for two reasons: existence of human re-
source gap and the indirect ‘chain of command
between woreda mines and energy office and
the RBPCU.

Human Resources

Adequate size and quality of human resource
is a prerequisite for the successful implementa-
tion of biogas programme. However, the overall
full-time staff size of the biogas programme in
Ethiopia is sixty-two. At NBPCO, there are only
eleven staff members: five technical and six sup-
portive staff. The staff include: 1) a programme
coordinator; 2) two chief biogas engineers; 3) a
database manager; 4) a planning, monitoring and
evaluation officer; 5) a general service provider
(purchasing and logistics); 6) a finance and ad-
ministration officer; 7) a secretary and cashier;
8) a messenger and cleaner; and 9) two drivers.
Even the second biogas engineer and a plan-

ning, monitoring and evaluation officer were
added in the staff in 2012.

The chief biogas engineers are supposed to
be involved in the development of quality con-
trol standards, development of programme strat-
egies, and development and provision of train-
ing. According to key informants, during the first
one or two years of programme implementation,
when various training and workshops were ur-
gently needed in all four biogas programme im-
plementing regions, the size of technical staff,
particularly the number of chief engineers, was
too small to give efficient service. This can be
evidenced from the very low numbers of biogas
installations in the first two year of programme
implementation period. The numbers of biogas
plants constructed in 2009, 2010, 2011, 2012 and
2013 were 30, 731, 1643, 2509, and 3150, respec-
tively. The planning, monitoring, and evaluation
officer was rarely involved in monitoring and
evaluation in the field, due to work burden at the
office. Besides, as described in Rupf et al. (2015)
shortage of technical biogas staff can also lead
to inadequate training and follow up. The low
functioning rates of biogas system in Sub-Sa-
haran Africa are due to inadequate training and
follow and lack of technical biogas skills specif-
ically rural areas.

In the RBPCU, there are also both technical
and supportive staff members. The technical
staff encompasses: 1) programme coordinators
(one for each region); 2) chief biogas engineers
(one for each region); 3) promotion and market-
ing officers (one for each region); 4) bio-slurry
extension officers (one for each region); and 5)
twelve biogas technicians (three for each region).

The regional chief biogas engineers assist
the national chief biogas engineers in develop-
ing quality control standards, programme strat-
egies, and training, as well as providing techni-
cal advisory services to the biogas technicians.
Regional promotion and marketing officers en-
gage in planning how and when to use various
promotion and marketing tools, distribute man-
uals and pamphlets, and coordinate stakehold-
ers participating in biogas promotion and mar-
keting activities. The biogas technicians deliv-
er various construction materials, like dome
pipes, PVC pipes and appliances to woredas and
training masons, following up on biogas con-
struction, and carry out quality control supervi-
sion on a sample basis. Bio-slurry extension of-
ficers coordinate all bio-slurry related extension
services and trainings.
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Given the large number of biogas programme
implementing woredas and rural kebeles in each
region, the long distance between regional of-
fice and each woreda and rural kebeles in each
region, and the presence of only one or two fo-
cal persons at woreda level even without a di-
rect ‘chain of command with the regional office’,
the size of technical staff at the regional admin-
istrative level is also low. For instance, in Tigray
and Amhara Regional States, there were 27 and
33 biogas programme implementing woredas,
respectively, and hundreds of rural kebeles in a
region. Hence, three biogas technicians in a re-
gion were supposed to deliver their intended
professional services to all these woredas and
rural kebeles. As the key informant interviews
revealed, the biogas technicians were supposed
to work in the field for 75 percent of the weeks in
a month. Therefore, distributing biogas appli-
ances and other biogas construction materials
to woredas, giving technical assistances, mak-
ing quality control visits on regular basis and
travelling long distances from the regional of-
fice to various woredas, including the remotest
ones, seems ineffective.

All key informants at both woreda and re-
gional administrative levels revealed the exist-
ence of serious human resources gaps at im-
plementation level (woreda level). Here, it
should be noted that in the absence of institu-
tional structure for biogas programme, talking
about human resource at woreda level may
seem strange but it refers to the woreda focal
person(s). If the human resource gap at wore-
da level is solved, the existing staff size at re-
gional level could be adequate. Author’s ob-
servation in Tigray Regional State, Ofla Woer-
da, showed that because there is only a single
individual in the woreda’s Mines and Energy
Office, it was the regional biogas technicians
who paid money to the masons, after checking
the quality and completion of the biogas con-
struction on a sample basis. It is therefore un-
likely that these biogas technicians will have
sufficient time to effectively get involved in
other duties, such as after-sale supervisions.
Similarly, Bensah and Brew-Hammond (2010)
revealed that the lack of skilled human resourc-
es that follow up the biogas installations is likely
to be number one cause to the non-function-
ing of the biogas plants in Ghana. Thus, the
human resources gap at programme implemen-
tation level needs due consideration.
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Promotion and Marketing

According to regional biogas promotion and
marketing officers, the biogas sector employed
various promotion tools: electronic media (ra-
dio, television, and documentary films), printed
materials (user manuals, calendar posters and
pamphlets), and door-to-door promotion (words
of mouth). However, the most effective and fre-
quently used type of biogas technology promo-
tion tool is door-to-door promation. In support
of this, 81.6 percent of the respondents indicat-
ed that orientation was their first and major
source of information, and for 10.6 percent it
was their neighbors and friends. In door-to-door
biogas promotion type, woreda mines and ener-
gy personnel, development agents, rural kebele
administrators, masons as well as biogas users
were known to be involved. For each biogas
installation, there is 5.13 $* incentive to be given
to the one who convinced the potential adopter
to buy and use the technology. This incentive
was believed to be the primary reason that made
the tool being the most effective one. Neverthe-
less, equal attention should also be given to the
functioning status of the already installed bio-
gas plants. Words-of-mouth from the satisfied
biogas users can serve as a vital promoter of the
technology (Gitonga 1997).

Institutional Supports
Subsidies and Credit Arrangements

The NBPE allocated a flat rate financial sub-
sidy (256.25 $) given in kind per biogas installa-
tion, irrespective of the variations in digester
size, location, inflation, and income status. With
regard to the need for allocation of subsidy, it
was pointed out that high initial investment cost
of biogas technology has remained a principal
obstacle for adoption and widespread use of
the technology by the rural households (Arthur
etal. 2011; Bensah and Brew-Hammond 2010).
Hence, provision of financial incentives such as
soft loans and subsidies are among the recom-
mendations made for the success of biogas tech-
nology dissemination programmes (Winrock
International 2007).

The subsidy was devoted first to cover pre-
determined rate of payment for masons, and then
the remaining money was used to purchase bio-
gas appliances and other construction inputs
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until the subsidy is used up. However, frequent
fluctuations, mostly incremental, of the prices
of various biogas construction materials, such
as cement, biogas appliances and PVVC pipe, have
posed their own negative repercussions on the
dissemination of biogas technology for at least
two reasons. First, as clearly indicated in the
PID under risk assumptions (EREDPC and SNV
2008), continual rise of prices of biogas con-
struction materials definitely increases the tech-
nology’s initial investment cost and reduces its
affordability and hence, adoption and dissemi-
nation. Secondly, it creates suspicion among
biogas adopters as to whether the government
subsidy is being received in its entirety. In a
difference of a few days or weeks in the adop-
tion of biogas technology, households are re-
quested to pay various amounts of money for
differences between prices of the total purchas-
es and the subsidy. The problem is particularly
related to cement which cannot be purchased in
bulk and stored over a year.

As indicated earlier, arrangement of soft
loans is another mechanism that assists in re-
ducing the backlash effects of high initial in-
vestment costs on biogas dissemination. As
pointed out in the PID, microfinance institutions
were supposed to be participating in the provi-
sion of credit for biogas construction (EREDPC
and SNV 2008). However, according to key in-
formants at national and regional administrative
levels, micro-finance institutions particularly in
Tigray and Amhara Regional States showed less
interest in providing credits for financing bio-
gas constructions for various reasons. The rea-
sons included: 1) having rules to provide loans
on immediate profit-making jobs while biogas is
not such type; 2) fearing repayment problem; 3)
having less encouraging information on opera-
tional rates of biogas installations; and 4) be-
lieving in the need to prepare special regulation
for biogas loans. In contrast to this Kamp and
Forn (2016) reported the gradual integration of
the micro-finance institutions to the NBPE. Be-
sides, it has also been reported that as high as
57 percent of the biogas installations that were
built by the NBPE utilized loans from the micro-
finance institutions in funding the initial invest-
ment of the technology. This might be true in
other biogas programme implementing regions
(Oromiya and SNNP). But the percent indicated
is still doubtful. As indicated earlier, due to their
less interest in providing loans to the biogas

installations, microfinance institutions were not
members to the biogas programme steering com-
mittee at both federal and surveyed regional
states. Among the sample biogas households,
only 5 (2.8 %) of the biogas adopters reported
using loans from microfinance institutions in fi-
nancing their biogas installations.

That is way the regional government in Tigray
designed its own solution and provided cement
and PVC pipes on credit through farmers’ coop-
eratives to all biogas adopters, to be repaid over
three years. This credit scheme helped the region
to increase the uptake of biogas technology, com-
pared to the SNNP and Amhara Regions. During
the programme period, the total biogas installa-
tions in Tigray were 1992, Amhara 1892, SNNP
1699, and Oromiya 2480. In Amhara Regional
State, it was stated that farmers who are members
of the farmers’ cooperatives can take credit for
biogas construction through the cooperatives.

Manuals and User Guidelines

For the success of biogas programme imple-
mentation, various manuals, guidelines, pam-
phlets, and calendar posters were prepared. The
manuals and guidelines prepared by the NBPE
included: 1) construction manual; 2) quality con-
trol standards and formats; and 3) biogas utili-
zation guideline. In Cambodia too, manuals for
biogas users on how to operate, make mainte-
nance, and use bio-slurry; manuals for masons;
and manuals for programme office managers
were indicated to be prepared and used (Buys-
man and Mol 2013).

It is clear that the availability of detail user
guideline contribute a lot to the long-lasting uti-
lization and continuous operation of the biogas
system. However, the distribution of these user
guides which could be used as references in
case of doubts or difficulties in operating or
maintaining the biogas system were very much
limited. Among the surveyed biogas households,
about 82 (45.8 %) did not get any written materi-
al on biogas. More specifically, 38 (71.7 %) of
the sample households in Mecha Woreda and
44 (34.9 %) in Ofla Woreda did not obtain user
guideline. In the absence of a reference material,
biogas adopters may fail to operate or maintain
the biogas system and may make the potential
clients retreat from its adoption. Nevertheless,
the biogas households had the potential to uti-
lize the user manuals effectively. This is because
150 (83.8 %) of the surveyed biogas household
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heads had a minimum of reading and writing
skills. Even among those 29 (16.2 %) illiterate
household heads, 27 (93.1 %) had at least one
educated family member with a grade 5 or higher
level of education. Hence, a detail user guide-
lines written in local language, comprising step-
by-step techniques of operating and maintain-
ing the biogas plant, having pictorial depiction
and principles of do’s and don’ts, should either
be provided to all users timely or presented at a
reasonable price.

Training

For successful implementation of a new pro-
gramme involving new technology and new ap-
proach, the provision of training is a key require-
ment (EREDPC and SNV 2008). Consequently,
diverse training, such as mason training, biogas
users’ training on how to operate and do minor
maintenance, bio-slurry utilization training, su-
pervisor training, refresher training for masons
and supervisors, and biogas technician training
were given to the different groups of actors in-
volved in the implementation of NBPE.

Mason training was seen as a priority re-
quirement for the implementation of the pro-
gramme (EREDPC and SNV 2008). Thus, a total
of 1022 biogas masons with previous masonry
or plumbing experiences were screened, trained,
and certified in the programme period. Although
the plan was to develop 20 private biogas con-
struction enterprises in the programme period,
the key informants revealed the absence of any
enterprise created in the period. Kamp and Forn
(2016) also stated that the duty of creating pri-
vate biogas sector that was unaccomplished
during the first phase of NBPE has been a vital
goal to the second phase of the NBPE.

Measuring the skill of the masons and effec-
tiveness of the trainings offered definitely need
independent research. However, the skill of the
masons can be reflected in the quality of the
biogas installations. In this respect, the surveyed
biogas adopters were asked whether the masons
were skilled in constructing the biogas plants.
Accordingly, 154 (86 %) of the respondents said
they were skilled while the remaining 25 (14 %)
said not skilled. The justifications given by the
latter incorporate the following: 1) cracking of
domes and cracking and/or fracturing of inlet
pits, outlet tanks, and slabs that results from the
use of impure sand and incorrect cement-sand
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ratio; 2) bio-slurry outflow before fermenting and
inflow of bio-slurry back to the digester; 3) fail-
ure to function after the completion of construc-
tion and being unable to identify the problems;
4) improper plumber work and problem of gas
leakage; 5) the inability to make it functional,
after doing the laborious task of emptying and
plastering digesters; 6) improper orientation giv-
en to the biogas adopter to feed one’s biogas
digester as much input as one full of inlet pit
everyday and the plant failed to operate as a
result; and 7) improper site selection, where ei-
ther the bio-slurry flows to neighbors’ yards or
digesters are installed in front of the houses,
which make them difficult to use biogas digest-
er-connected toilets.

A problem like the use of impure sand could
be the result of carelessness and irresponsibili-
ty. Other problems such as the outflow of bio-
slurry before fermenting, the improper ratio of
cement and sand, and failing to identify where
the problems lie could be the result of skill gaps
in taking measurements and other basic skills.
Thus, masons with such irresponsible behavior
or skill gaps should be identified as early as pos-
sible before ruining a number of biogas installa-
tions through establishing communication net-
work with biogas adopters and closer follow-up
and supervision.

Biogas user training is also an essential re-
quirement that equips the farmers to be able to
properly operate the biogas plants and resolve
minor maintenance problems. As indicated in the
PID, the plan was to provide user training twice
during the pre- and post-construction periods
(EREDPC and SNV 2008). However, with the ex-
ception of provision of a simple orientation/in-
struction for a few minutes (10-15’) by masons
and/or supervisors, biogas user training was
neither given uniformly across all biogas imple-
menting regions, nor to all biogas user house-
holds. In the Tigray Regional State, user train-
ing was given more often to three members of a
biogas user household whereas in Amhara Re-
gional State it was given only to a single house-
hold member, mostly to the head. So in a culture
where women and children are almost exclusive-
ly responsible for cooking, provision of user
training to household heads, dominantly males,
definitely contributes little to the proper and
sustainable utilization of the biogas plants. The
budget for user training was known to be given
on unit biogas installation basis. As key infor-
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mant revealed, the problem with the provision
of user training at the right time was associated
with the matter of commitment at the Regional
Mines and Energy Agency and the Regional
Biogas Programme Coordination Unit.

In addition, 61 (34.1 %) of all the surveyed
households did not get user training. Indeed,
provision of user training was quite better in
Tigray Regional State than in Amhara. Among
126 surveyed biogas households in Ofla Wore-
da, Tigray Region, only 30 (23.8 %) households
did not get user training. Whereas, in Mecha
Woreda, Amhara Region, of the 53 surveyed bio-
gas households, as high as 31 (58.5 %) did not
get any user training.

Moreover, of the total biogas adopter sam-
ple households, only 11 (6.1 %) of them got both
the pre- and post-construction user trainings.
Nevertheless, provision of these planned user
training types at the right time are critically im-
portant for sustaining utilization of the biogas
plants at least as further in time as the presup-
posed service years of the technology. Buys-
man and Mol (2013) also stated that the provi-
sion of both pre- and post-construction biogas
user trainings assist the users to maximize bene-
fits and satisfactions.

Provision of trainings on utilization of bio-
slurry was also lacking the necessary attention.
One of the main reasons for this could be lack of
belongingness on the part of the agricultural
sector towards the biogas programme or the bio-
gas projects. Most likely, this tendency came as
a result of the non-involvement of the sector
during biogas programme development. At the
initial stage, more attention was given to the
energy benefit aspects of biogas technology.
The agricultural sector was not involved in the
preparation of the PID (EREDPC and SNV 2008).
Besides, the sector was not regarded as a mem-
ber of the regional biogas steering committee.
As aresult, the bio-slurry extension component
of the biogas programme was not given to be
led and guided under the sector’s institutional
structure. So this should also be reconsidered.
Otherwise, the existing regional bio-slurry ex-
tension component of the RBPCU would remain
nominal and inactive.

Therefore, apart from the regular duty of pro-
moting compost preparation and utilization to
the entire public, no special attention was given
to bio-slurry utilization and training on the same
in the sector. Even as observed in Ofla Woreda,

there seemed be a conflict of interest between
biogas programme unit and agricultural and ru-
ral development office. In the Growth and Trans-
formation Plan (GTP), there was a target to boost
up smallholder-farmers’ productivity to about
twofold by the end of the plan period (2010/11-
2014/15) (FDRE 2010). In connection with this
grand plan, in Ofla Woreda, the agricultural and
rural development office compel every house-
hold who own farmland to buy at least a prede-
termined minimum amount of chemical fertilizer.
The amount is proportional to the size of farm-
land ownership. This situation interferes with
promotion of bio-slurry use and discourages
biogas owners who effectively utilize bio-slurry
for fertilizer.

The Institute of Sustainable Development
(ISD), local non-governmental organization, pro-
vided bio-slurry training to about 800 biogas
users in all the four biogas programme imple-
menting regions. The interviewee indicated that
the trainings focused on model and influential farm-
ers so that knowledge and experiences were be-
lieved to be shared among biogas users. Kamp
and Forn (2016) also indicated the participation of
ISD in user training on the utilization of bio-slurry.

Maintenance Services

Absence of follow up and maintenance ser-
vice was one of the major problems identified
for the failures of many of the biogas installa-
tions constructed prior to the establishment of
NBPE (Eshete et al. 2006; EREDPC and SNV
2008). So to solve this problem in the newly-
established NBPE, quality management was de-
signed to be one of the basic programme activi-
ties. Quality management, as indicated in the
PID, comprises control of construction qualities
and maintenance service (EREDPC and SNV
2008). In the 15-point tri-party agreement among
biogas adopter, mason, and the programme agen-
cy, the mason was required to give a two-year
guarantee for the structural part and a one-year
guarantee for appliances and pipelines. One of
the enforcement mechanisms designed for this
purpose was withholding 10.25 $ from the total
subsidy so as to be given to the mason after two
years of free maintenance services upon the
approval of the users for the service gained.

However, maintenance service was not giv-
en as expected for the following reasons. First,



128

though it was the masons who signed the afore-
said tri-party agreement, some masons give the
duty of fitting biogas pipelines to plumbers agree-
ing to pay them 5.13-10.25 $. This was because
masons with previous plumber work experienc-
es tend to work on fittings while masons with
previous masonry experiences tend to work on
the structural parts of the biogas plants. Actual-
ly, it is good for the biogas pipelines to be fitted
by experienced plumbers. But at the same time,
it is this part of the biogas plant that needs re-
peated maintenance services. Whenever the bio-
gas plant develops problems in any part of the
pipeline, the plumbers were not willing to give
maintenance service whereas the masons in
some cases failed to identify and solve the prob-
lem. It may be this skill gap that made some ma-
sons to give pipeline fitting duties to plumbers.
Even in conditions where the masons did the
entire cement and pipelines work, the masons
more often did not give immediate maintenance
services as they were busy in constructing new
biogas plants in further rural kebeles. In this
regard, a regional advisor from SNV-Ethiopia re-
vealed that masons have not yet seen the con-
struction of biogas plants as a business. As a
result, they do not visit biogas plants after the
completion of construction. In this regard, Ben-
sah and Brew-Hammond (2010) stated that lack
of skillful attendants of the biogas installations
is likely to be number one factor that contrib-
utes to the failures of biogas projects in Ghana.
In fact, mention also has to be made of the pos-
itive social relations created between some ma-
sons and the biogas adopters which morally
compel the masons to give maintenance service
at any cost of time and distance.

Second, greater attention seems to be given
to the number of biogas installations. In free-
grazing system where cattle are roving during
the day time, it was recommended that a mini-
mum of four heads of cattle would be able to
effectively feed a domestic biogas plant with a 4
m? digester size (EREDPC and SNV 2008). How-
ever, when the sample biogas adopters were
asked whether there was change in size of cattle
following biogas adoption, it was found that a
biogas household started with a single head of
cattle in Ofla Woreda. The reason given was that
being a kebele female representative, she was
supposed to help in promotion activities. Be-
sides, all the surveyed biogas digesters in Ofla
Woreda were 6 m3in size. But normally house-
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holds were expected to have a minimum of four
heads cattle which is below the standard indi-
cated. Besides, the woreda focal persons were
given around 25.63 $ per biogas installation. So
it is more likely to push the masons to finish a
biogas installation within 15 days as per their
commitment indicated in the tri-party agreement.
Here, this is not to criticize the incentives given,
but it is to say incentives should be as per the
number of functioning biogas plants too. By ex-
amining the ambitious yearly forecast and actual
number of biogas installations, Kamp and Forn
(2016) also reported the existence of higher inter-
est in the number of biogas plants in Ethiopia.

Third, withholding 10.25 $ as an enforcement
mechanism is too small to morally attract the
masons given dispersed locations of biogas
plants and frequent operation problems result-
ing from lack of user training. Fourth, despite
the tri-party agreement, there was no practical
legal enforcement mechanism to compel masons
to give timely maintenance service. This was
evidenced by the fact that some masons left the
construction of biogas plants before finishing,
for financial reasons. As a result, some biogas
plants remained incomplete for one or more years.
The payment for masons varies from 123 $t0 146.1
$ depending on digester size and distances.

A question was raised to supervisors and
programme coordinators about the measures
taken in such circumstances. They revealed that
though they explained the possibility to take
the case to the courts, they didn’t do that due to
shortage of manpower to follow up the cases.
Instead, they explained payments to masons
were given according to the stage of construc-
tion progress. So if a mason fled away at certain
stage, the mason could easily be substituted by
another mason and the payment for the remain-
ing construction stages could be shifted. This
progressive payment is also mentioned in the
tri-party agreement. However, the surveyed in-
complete biogas plants remained unfinished for
14 to 24 months. One possible reason for this
could be progressive payments were not put
into practice. Therefore, for a variety of reasons,
of the total 179 surveyed biogas plants, 129 (72.1
%) of them were operating where as the remain-
ing 50 (27.9 %) were not operating. Of the 129
functioning biogas plants, only 96 (74.4 %) of
them have both functioning stoves and biogas
lamps whereas the rest have either functioning
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stoves or biogas lamps. Thus, of the total sur-
veyed biogas plants, only 53.6 % had fully-func-
tioning stoves and lamps. But in PID it was tar-
geted to maintain the rate of functioning more
than 90 percent (EREDPC and SNV 2008). The
problems with non-functioning biogas plants
included: 1) problems on pipelines (leakages,
loosen valves, blockage by bio-slurry); 2) crack-
ing of domes; 3) incompleteness from the begin-
ning due to masons fled away; 4) shortage of
appliances; 5) demolished by task force due con-
struction on illegal sites (Ofla Woreda); 6) biogas
adopters own problems; 7) improper site selec-
tion (bio-slurry flows to neighbor); 8) flow of bio-
slurry before fermenting; 9) backflow of bio-slur-
ry to the outlet tank; and 10) over-feeding.

The respondents were asked about the ef-
forts made to get maintenance services. Thus,
the responses included: 1) applied many times
but obtained no more than lip service [22 (44
%)]; 2) tried nothing [12 (24 %)]; 3) masons and/
or supervisors came but unable to repair [4 (8
%)]; and 4) repaired but failed to operate again
[2 (4 %)]. In the absence of standby personnel
who can give maintenance service, there may be
delays for several days or weeks until masons
working in further rural areas arrange their con-
venient time. Ghimire (2013) also mentioned that
upholding maintenance service is one of the key
challenges of biogas programmes in Asia and
Africa. One of the main reasons for the non-
functioning of 28 percent of the surveyed bio-
gas plants in Ghana was lack of maintenance
service (Bensah and Brew-Hammond 2010).

Despite the better trainings given, the prob-
lem of maintenance services was found to be
more serious in the Ofla Woreda than in Mecha.
Out of the total 50 surveyed non- operating bio-
gas plants, 43 were found in Ofla Woreda. Nine
out of forty-three non-operating biogas plants
remained incomplete for 14 to 24 months in Ofla
Woreda. One of the major justifications for this
could be the absence of follow-up. There is only
one focal person in the woreda. The same is true
in ensuring the existence of maintenance ser-
vice. Therefore, the problem of maintenance ser-
vice needs urgent action. Focus group discus-
sants also emphasized on three issues for imme-
diate improvement in the programme: mainte-
nance service, user training, and availability of
spare parts. Hence, one solution may be to as-
sign a standby biogas technician who can give
immediate maintenance and advisory services

in each woreda. The other solution, which is
even more cost-effective, could be the provi-
sion of on-the-spot intensive maintenance train-
ing to a few, may be three, educated, wise, and
committed farmers per rural kebele. In support
of the latter, mentioning a specific case may be
very helpful. In Mecha Woreda, a biogas owner
requested about the existence of maintenance
service. He had a blockage of the pipeline and
asked the mason for maintenance service. While
the mason was repairing, he attentively followed
how the mason did repair and observed the
necessary tools for repairing. Then afterwards,
he repaired not only his own but neighboring
biogas plants too. He was asked how he was
able to learn how to repair in such a short time
and he replied that he had grain mill and carried
out some minor maintenance on it.

Supervision Services

Closer supervision and follow up is quite
essential to control quality of construction, ver-
ify adherence to the standardized design, con-
firm compliance of measurements to the stan-
dards set, check proper operation of the biogas
installations, and entertain complaints on main-
tenance and other services. Accordingly, the
NBPE prepared four types of quality control
forms: quality control Stage One (QC1) and Stage
Two (QC2) to be filled in by focal persons, con-
struction completion quality control form (CCF)
to be filled by regional biogas technicians, and
‘after sales services’ quality control form (ASS)
to be filled by regional or federal supervisors.
QC1 was expected to be filled before and during
construction. Starting from site selection, plan-
ning, and layouts, QC1 helped to follow up the
various stages of construction and check qual-
ity and sufficiency of construction materials pre-
sented. QC2 was filled immediately after com-
pletion of construction (MoWE 2010). The avail-
ability of these quality control forms clearly helps
the supervisors to have in-depth supervisions.
They help to cross-check whether all types of
work are done right.

The surveyed biogas adopters were asked
about how often supervisors visited their bio-
gas plants after the completion of construction.
Accordingly, 123 (68.7 %) of them replied they
were visited at least once whereas the remaining
56 (31.3 %) said no supervisor came at all. Among
the former, 34 (27.6 %) of the plants were visited
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once, 46 (37.4 %) visited twice, 24 (19.5 %) visit-
ed thrice, and the remaining 19 (15.4 %) visited
four or more times. The latter were also asked
the benefits they obtained from the supervisions.
About 86 (69.9 %) of them replied they obtained
advice, maintenance services, and motivation.
The remaining 37 (30.1 %) said that they ob-
tained nothing. It was also pointed out that su-
pervisors mostly come without any maintenance
tools. Hence, they can only maintain the type of
problems requiring no maintenance tools.

In the PID, it was indicated that supervisions
would be carried out on sample basis (EREDPC
and SNV 2008). If this is so, the proportion of
visited biogas plants could be quite enough.
But supervisors seemed to be directed towards
the operating ones. This is because the propor-
tion of non-operating visited biogas plants [29
(58 %)] was greater than operating visited bio-
gas plants [94 (72.9 %]. Hence, if supervision is
not done on random basis, there will not be more
chance for those non-operating biogas plants
to get solutions. For instance, in Ofla Woreda,
based on information obtained from the sur-
veyed biogas owners and the survey itself, the
entire seven biogas plants constructed in Ad-
ishmbereket Tabiya (Kebele) remained incom-
plete (four of them were among the surveyed
ones). Had there been supervision on random
sample basis, these biogas plants might get so-
lution. Based on personal observation, in rural
kebeles, where there were many non-operating
biogas plants, such as Adishmbereket in the Ofla
Woreda and Bachima in Mecha Woreda, there
were no new uptakes at all. Bachima Kebele
was the first kebele where domestic biogas was
introduced in Mecha Woreda. Unfortunately, as
informants indicated, because of improper sand
type used for construction, six out of eight bio-
gas plants failed to function.

Supplies of Spare Parts

Availability of biogas spare parts within rea-
sonable distance is a decisive factor for dissem-
ination of biogas technology. Spare parts of bio-
gas technology that are used in common as
spare parts of pipe water installations and other
constructions are widely available in the market.
Those spare parts which are used solely for bio-
gas technology are not available as needed. Bio-
gas stoves have started to be produced by pri-
vate manufacturers in the regional capitals. For
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example Walta Workshop in Mekele Town and
Munic Engineering Plc in Bahir Dar Town have
stated producing biogas stoves. After attend-
ing workshops at the Selam Technical and Voca-
tion Training Centre in Addis Ababa and given
the required biogas stove model by NBPE, they
are now producing and selling biogas stoves
when ordered. They also produce and sell reduc-
ers, dome pipes, and templates. Even the efficien-
cy of the stoves produced in Ethiopia (46.4%) are
reported be much less efficient than India or Chi-
na (60%) (Khandelwal and Gupta 2009). But bio-
gas lamp and all its accessories and pressure
gauges are imported by the government.

Two basic problems were raised by group
discussants with regard to spare parts particu-
larly biogas lamp glasses and mantles. First, the
spare parts are not available all times at the wore-
da offices. So farmers were requested to wait
until they come from the regional or federal of-
fices. Second, sometimes the woreda offices are
closed for field or other reasons. For those farm-
ers coming from the remotest parts of the wore-
da, it is very tiring. In Ofla Woreda, due to the
shortage of the right biogas mantle types, bio-
gas users commonly buy and use mantles orig-
inally meant for kerosene lamps. These mantles
purchased from shops were indicated to be less
durable as compared to the ones given at the
woreda office. Thus, owing to shortages of
spare part only, operation of 7 (3.9 %) of the
surveyed biogas plants were interrupted. Key
informants at various administrative offices ad-
mitted the existence of spare part supply prob-
lems in the first two years of programme imple-
mentation. But the problems were indicated to
be solved afterwards. Even it was pointed out
that the spare parts were given freely at the wore-
da offices. However, in reality, may be because
of the problem of distribution or failure to re-
quest for the spare parts from the regional or
federal offices at the right time, there were com-
plaints about the shortages of supplies of spare
parts. Wondyfraw (2015) also reported the exist-
ence of inadequate supply of spare parts.

Therefore, instead of even giving the spare
parts freely but demanding farmers to travel long
distances to the woreda offices, it would be bet-
ter to put the spare parts at each rural kebele
office and sell them at reasonable prices. Espe-
cially during peak cropping seasons, farmers may
not have enough time to travel a long distance
to the woreda offices to get spare parts. Be-
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sides, sometimes they may find offices closed
and the other times there may be a temporary
unavailability of spare parts.

Monitoring and Evaluation

Monitoring and evaluation was also planned
to be carried out in the programme period. Mon-
itoring the overall progress of the programme
was supposed to be carried out by EREDPC (now
named Alternative Energy Technology Devel-
opment and Promotion Directorate). The daily
monitoring was intended to be done by NBPCO
and RBPCU. Two types of evaluation were men-
tioned: internal or external ones. External valua-
tion was planned to be done twice in the pro-
gramme period by external consultants (ERED-
PC and SNV 2008). However, only the mid-term
review was conducted in August and Septem-
ber 2011 by an external consultant recruited by
the African Biogas Partnership Programme. The
mid-term review had three focus areas. The first
focus area was to determine the status of the
programme in terms of four dimensions: expec-
tations, efficiency, efficacy, and partnership map-
ping. It was presented by the National Biogas
Programme Office of Ethiopia. The second area
was programme implementation assessment us-
ing strength, weakness, opportunity, and threat
(SWQOT) analysis system. It was done in the
workshop that involved programme stakehold-
ers. The third area was to evaluate whether the
programme was developing towards sustainabil-
ity in relation to market development, enabling
economic environment, and responsive policy.
So the mid-term review was a workshop-based
assessment. Moreover, as a component monitor-
ing and evaluation, user survey was also planned
to be conducted annually. However, there wasn’t
any done so far. Hence, the numbers of operating
and non-operating biogas plants were not known
correctly at national level.

Research and Development

Research and development is one of the major
activities designed to be implemented in the
national biogas programme. It is aimed at ame-
liorating programme implementation, reducing
the costs of unit installations, and maximizing
the benefits of the technology. For practical pur-
poses, the activity’s budget share and potential
research areas were mentioned in the PID. The

document also pointed out that capable research
institutions, biogas companies, and consulting
firms were supposed to be involved in research,
monitoring and evaluation endeavors of the bio-
gas programme (EREDPC and SNV 2008). Intro-
ducing thorough research and development and
quality control components to the biogas pro-
gramme assist to ensure that the supply side
stakeholders provide full-fledged services to
their customers (Ghimire 2013).

However, key informant interview with vari-
ous individuals indicated the absence of well-
coordinated research and development activi-
ties. Despite the existence of various research
trials, both at private and institutional levels,
they were fragmented and lacked continuity. For
instance, institutionally there was an attempt to
replace stones with interlocking soil blocks but
this failed and was interrupted. In Amhara RB-
PCU, there was an attempt to develop a biogas
lamp, but it was not developed further. An in-
jera stove was also developed by a private re-
searcher in Amhara Region and three injera
stoves were given to farmers for piloting pur-
pose. The stove enabled baking 23 injeras at a
time, after saving gas for three days. However,
the research has still continued for further im-
provement. In the Tigray Region, an injera stove
and a clamp, a biogas lamp accessory, were also
developed by Mesfin Industrial Engineering and
Walta Workshop, respectively. But both tech-
nologies were not upgraded for consumption.

Thus, among the major bottle necks that re-
tard adoption and dissemination of biogas tech-
nology include: 1) failure to use biogas technol-
ogy for baking injera; and 2) short lifespan of
biogas lamps, that is, the frequent breaking of
biogas lamp glass and burning of mantle. Bak-
ing injera was estimated to be consuming about
5-0 percent of the total household energy con-
sumption (Gebreegziabher 2007). Consequent-
ly, adoption and use of biogas technology has
never fully replaced the utilization of traditional
biomass fuels. The sample biogas adopters were
asked what to be improved in the overall biogas
programme of Ethiopia. Accordingly, as high as
124 (69.3 %) of the respondents suggested the
need to introduce an injera stove that works
with biogas. Focus group discussants also em-
phasized the need to introduce injera stove.
Besides, improving durability of biogas lamps
through research and development is a critical
requirement for further dissemination of biogas
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technology. The frequent breaking of biogas
lamp glass and burning of mantles, together with
their unavailability on the local market, not only
discourages the biogas users but also the po-
tential adopters. As Buysman and Mol (2013)
stated, convincing clients to adopt biogas tech-
nology in the presence failures is challenging.

CONCLUSION

Dissemination of biogas technology was not
progressing as it was planned in Ethiopia. The
factors that stunted the pace of dissemination
of the technology, among others, are institutional
ones. The institutional structure for NBPE is
found to be less suitable for smooth implemen-
tation of the programme. It extends only from
federal to regional administrative levels. Pro-
gramme implementation level is left to the pre-
existing woreda level government structure. The
woreda mines and energy office which is acting
and serving as an extension of the biogas institu-
tional structure was not suitably rearranged. 1)
There isno a direct ‘chain of command’ between
RBPCU and woreda mines and energy offices;
and 2) there are only one or two employees in the
woreda mines and energy office structure.

The biogas programme steering committee
established at different administrative levels was
found inactive. The members lacked commitment
and even some important stakeholders, like the
agricultural sector, were not involving at federal
and regional level. The biogas programme has
also a serious human resource shortage. The
technical staff members particularly a single bio-
gas engineer, three biogas technicians, and a
single bio-slurry utilization expert (agronomist)
in aregion are few to give the required technical
services.

Provision of subsidies and credit arrange-
ments, the latter as seen in Tigray Region, were
known to make a great contribution towards
speeding up the dissemination of biogas tech-
nology. Indeed, the frequently rising of prices
of biogas construction materials due to inflation
were posing backlash effects on biogas dissem-
ination and reduced real value of fixed and con-
stant subsidy rate.

Biogas user training was neither given uni-
formly to all biogas adopter households nor
across all biogas programme implementing re-
gions. In Amhara Region, user training was giv-
en only to the head of biogas adopter house-
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hold, dominantly men. Provision of training on
utilization of bio-slurry also lacked the neces-
sary attention. The involvement of the agricul-
tural sector in this regard was found to be limit-
ed. Most of the biogas adopter households
(more than 95 %) have either literate household
heads or have at least one literate household.
But biogas user guidelines were not provided
uniformly.

As evidenced by problems like the cracking
of domes, bio-slurry outflow before fermenting,
failure to work right from the beginning and in-
ability to identify the problems, and inability to
solve the problem after ordering the laborious
duty of emptying the digesters, some biogas
masons lack basic biogas construction skills.
Biogas users were not obtaining maintenance
service regularly and immediately on demand.
The enforcement mechanism is too weak for
masons to give regular maintenance service.
Therefore, for a variety of reasons, of the total
surveyed households, 50 (27.9 %) were not op-
erating at all, and 25 (14.0 %) had either non-
operating stoves or biogas lamps.

Biogas spare parts, particularly biogas lamp
and its accessories, were not available regularly
and at a reasonable distance from the biogas
users. However, due to frequent breakage of the
biogas lamp glasses and burning of the mantles,
these spare parts are demanded every time. The
regular unavailability of these spare parts has a
daunting effect on the further dissemination of
biogas technology.

User survey has yet been conducted. Thus,
the numbers of operating and non-operating bio-
gas plants have not yet been known at national
level. Research and development in the NBPE
was found to be fragmented and lacked conti-
nuity. Despite the various attempts, there were
no any concrete research and development re-
sults that reached to the public consumption
level, during the programme period.

Given all the above constraining factors and
the absence of biogas masons developed to bio-
gas construction enterprise level, realizing the
emergence of market driven biogas sector seems
to take a long time and need an endless effort
and commitment to resolve those constraints.

Finally, the research gaps that the author
would like to suggest further studies include:
measuring the skills of masons and effective-
ness of trainings given,; the relative advantages
of bio-slurry fertilizer over that of chemical fertil-
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izer, the conventional manure, and compost sup-
ported with practical demonstration over differ-
ent agro-ecologies and soil types; the effect of
transaction costs on biogas technology dissem-
ination in rural Ethiopia.

RECOMMENDATIONS

1. The institutional structure of the national
biogas programme should be increased to
the programme implementation level, wore-
da administration, with clear ‘chain of com-
mand’ and accountability.

2. The shortage of biogas engineers, biogas
technicians, and agronomists should be re-
solved and standby biogas technicians,
who can give immediate maintenance and
advisory services, should be assigned at
the earliest time possible.

3. To reduce the negative effect of inflation
on fixed subsidy rate over programme peri-
od, subsidy size should be adjusted based
on inflation rate scenario ranges from a giv-
en base year.

4. Biogas being a new technology to farmers,
provision of timely user training to each
biogas user household involving women
and children should not be compromised.

5. Adetail user guideline comprising step-by-
step techniques of operating and maintain-
ing the biogas plant with pictorial depic-
tions and principles of do’s and don’ts can
augment user training and thus should be
presented at least with reasonable price.

6. Biogas masons having basic skill gaps
should be identified and corrected as early
as possible through establishing commu-
nication network with biogas users and
closer follow-up and supervision. Those
skillful biogas masons who construct quali-
ty and properly functioning biogas installa-
tions should get reasonably attractive in-
centive that could retain them in the sector.

7. Biogas spare parts like biogas lamp and its
accessories which are less durable and fre-
quently demanded by the users should be
purchased in bulk with revolving fund and
be available regularly for sale at centers
(rural kebele offices) that are reasonably
near to the biogas users. It is also impor-
tant to encourage local shops to include
selling these items.

8. The NBPCO should also give due atten-
tion how words of mouth from the satisfied
or dissatisfied biogas users can enhance
or retard adoption of biogas technology.
The office should also ensure the proper
functioning of the already installed biogas
plants through monitoring and evaluation
services, establishing biogas technology
maintenance service centers at reasonable
distance, and assigning a standby biogas
technology technician(s) for the centers so
that biogas households can get immediate
maintenance and aftersales services. To
learn the number of operating and non-op-
erating biogas plants, ensure whether the
biogas adopters have gained the intended
benefits of the biogas technology, identify
the practical problems of the users, and
formulate a successful plan to the future,
conducting a national level user survey at
aregular time should not be an optional in
a biogas programme period.

9. Research and development should focus
on cost reduction aspect of biogas tech-
nology, augmenting the technology’s ser-
vice through developing biogas stove for
injera baking, and improving durability of
biogas lamp and its accessories.

NOTES

1. Though there are variations among authors as to
the exact time when biogas was introduced into
Ethiopia, it seems reasonable that it was Bekele
who wrote that it was he himself who constructed
the first biogas installation in 1962 at Ambo School
of Agriculture, the later Ambo College of Agricul-
ture (Bekele 1978).

2. Woreda is the second lowest administrative unit
next to kebele in Ethiopia

3. United States Dollar ($) is based on January 2014,
exchange rate with Ethiopian currency- Birr (1

Birr= 0.05125 $).
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