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Domestic biogas technology helps to foster sustainable development in different ways. It is particularly impor-
tant in countries like Ethiopia where about 80% of the population lives in rural areas, and more than 90% of the
households use solid biomass for cooking. In light of this, the Government of Ethiopia has launched a National
Biogas Programme in 2008. The Programme, now in its third phase, has successfully installed tens of thousands of

:]t)h?;pia biogas digesters. This paper aims to give a macroeconomic insight on the role of the biogas sector in Ethiopia. The
annual gross value of biogas outputs reached USD 7.7 million in 2015/16. Installing biogas digesters contributes
USD 1.4 million each year to the construction industry. Results of the study indicate that the micro and macroe-
conomic contributions of biogas sector partly rely on the effective utilization of its co-product (i.e., the slurry)
as fertilizer. Agricultural policies of the country should therefore highlight and link domestic biogas production
with the extension services.

Introduction result, in 2008, the Government of Ethiopia launched a National Biogas

Households’ energy consumption accounts for nearly 90% of the
overall energy consumption in Ethiopia [28] where 93% of the house-
holds use solid biomass fuels (firewood, charcoal, branches, leaves,
twigs, dung, and crop residues) for cooking [9]. The Ethiopian energy
mix therefore entails negative externalities on the environment (e.g.,
deforestation, soil nutrient loss) and health (e.g., due to indoor air pol-
lution). One third of the fuelwood comes from the unsustainable extrac-
tion of forests and woodlands [26]. Consequently, fuelwood consump-
tion is the single largest driver of greenhouse gas (GHG) emissions in the
land use change and forestry (LUCF) sector [14]. Indoor air pollution is
responsible for about 5% of the total disease burdens [33]. Removing
and burning agricultural wastes for energy, on the other hand, compro-
mises soil fertility [30] that could reduce agricultural GDP by 7% [40].

As such, diversifying and shifting to cleaner energy sources has re-
cently become one of the key energy sector strategies in Ethiopia [14].
Biogas serves as one of the potential clean energy fuels to foster rural
energy transition in the country [4,23] since 80% of the population lives
in rural areas depending on smallholder agriculture [1,29]. Of the esti-
mated 17.8 million smallholder peasants in 2015/16, about 15.8 million
farmers raise one or more livestock species from which about 8 mil-
lion farmers own three or more cattle heads [1]. Therefore, technically
speaking, between 1.1 and 3.5 million households in Ethiopia could in-
stall domestic biogas digesters [20,23]. This represents huge resource
(and demand) potential to advance the biogas sector in Ethiopia. As a
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Programme of Ethiopia (NBPE) [12]. Chiefly supported by SNV, The
Netherlands Development Organization, the NBPE was able to install
tens of thousands of digesters in the past decade. However, although it
is highly subsidized, the adoption and use of domestic biogas technol-
ogy remains below expectations [4]. For instance, until December 2019,
only 26,867 digesters (of the 66,000 planned) were installed [10].

The existing literature on biogas in Ethiopia is scant and largely dis-
cusses at households’ level. It mainly focuses on the financial feasibil-
ity of domestic biogas technology [17,34], on the determinants of its
adoption [4,24], on its environmental benefits [25], on the resource po-
tentials [12,23], and on the institutional barriers affecting the sector
[5,20]. Several conclusions can be drawn from the existing literature.
First, biogas digesters are financially feasible only with the availability
of subsidies [5,12]. Second, the level of income and education, the size
of cattle holding, access to credit, and distance to the main fuelwood
source strongly influences the adoption of biogas technology among ru-
ral households [4,24]. Third, biogas digesters have the potential to re-
duce GHG emissions [12,25], and indoor air pollution [5]. Fourth, some
of the installed digesters were not functioning properly due to shortages
of water and dung supplies, installation, and maintenance problems,
and in some cases loss of interest and abandonment [5,20,23]. Fifth,
the alignment between stakeholders is poor [5,20]. Put together, the
biogas sector in Ethiopia is still in a niche phase in which the private
sector involvement remains limited [20,36].
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Table 1
Summary of key parameters and data sources.
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Item Unit Value Sources

National Average Prices (NP)

Residues ETB/kg 0.31 CSA [8]

Dung ETB/kg 1.99 CSA [8]

Firwood ETB/kg 0.62 CSA [8]

Charcoal ETB/kg 8.49 CSA [8]

Kerosene ETB/It 12.78 CSA [8]

Adjusted Rural Prices (RP)

Residues ETB/kg 0.15 Adjusted from CSA [8]

Dung ETB/kg 1.00 Adjusted from CSA [8]

Firwood ETB/kg 0.31 Adjusted from CSA [8]

Charcoal ETB/kg 4.25 Adjusted from CSA [8]

Kerosene ETB/It 12.78 Adjusted from CSA [8]

Energy Contents

Residues kWh/kg 4 INFORSE [18]

Dung kWh/kg 3 INFORSE [18]

Firewood kWh/kg 4.5 INFORSE [18]

Charcoal kWh/kg 7 INFORSE [18]

Kerosene kWh/I1t 10 INFORSE [18]

Fuel Shares

Residues Percent 15-29 EREDPC [12]; EUEI [13]; Negash et al. [30]

Dung Percent 12-51 EREDPC [12]; EUEI [13]; Negash et al. [30]; Berhe et al. [4]
Firewood Percent 16-68 EREDPC [12]; EUEI [13]; Negash et al. [30]; Berhe et al. [4]
Charcoal Percent 1-8 EREDPC [12]; EUEI [13]; Negash et al. [30]; Berhe et al. [4]; Teka et al. [37]
Kerosene Percent 0.15-5 EREDPC [12]; EUEI [13]; Berhe et al. [4]; Teka et al. [37]
Substitution Ratios

Residues kg/m3 7.06 EREDPC [12]

Dung kg/m? 9.15 EREDPC [12]; Gwavuya et al. [17]

Firwood kg/m? 6.34 EREDPC [12]; Gwavuya et al. [17]

Charcoal kg/m? 1.82 EREDPC [12]; Gwavuya et al. [17]

Kerosene It/m3 0.61 EREDPC [12]

Biogas Prices

Biogas based on NP ETB/m3 8 Calculated
Biogas based on RP ETB/m® 4 Calculated
Slurry based on fertilizer (DAP) price ~ ETB/kg 0.92 Calculated
Macroeconomic Variables

Gross Domestic Product (GDP) Million ETB 1568,098 NBE [29]
Exchange Rate ETB/USD 21.1 NBE [29]

Note: 1 ETB ~ 0.05 USD, and 1 m® =1000 liters. The prices of crop residues (as fuels) are assumed to be 50% of the prices for firewood

[12].

That being said, to the best of my knowledge, research on the
macroeconomic aspects of the biogas sector in Ethiopia is lacking. Nei-
ther the country’s energy statistics [28] nor the national income ac-
counts [27] report the values of the biogas sector. As a result, the biogas
sector has received little or no attention in both scientific and policy dis-
courses pertaining to energy system modeling and transformation in the
country.

This paper attempts to fill this gap. It identifies and depicts the back-
ward and forward linkages of the sector and the ways through which the
sector supports the achievement of the Sustainable Development Goals
(SDGs). More specifically, this paper estimates the macroeconomic ben-
efits and costs of the sector. The paper aims to stimulate future research
on energy system modeling and transformation to explicitly account for
biogas fuel. It also seeks to inform energy sector planners in agrarian
countries like Ethiopia regarding the co-benefits of diversifying, decen-
tralizing, and shifting into cleaner rural energy sources.

The remainder of the paper is organized as follows. Section 2 briefly
presents the linkages of biogas sector with other economic activi-
ties and the SDGs. Section 3 presents the materials and methods.
Section 4 presents the results which is followed by the discussion and
conclusions in Sections 5 and 6.

Table 1

The nexus between biogas and the SDGs
Domestic biogas digesters produce biogas fuel and slurry. Biogas fuel

is one of the clean household energy fuels that can be used for both cook-
ing and lighting [5]. In a way, biogas improves households’ disposable

income as it converts animal waste to wealth. The slurry enriches soil
nutrients thereby improving agricultural productivity. The installation
of biogas digesters, on the other hand, contributes to the construction
industry, and adds on the rural infrastructure base. Since most of the
rural households cannot cover the upfront investment costs, the instal-
lation of digesters generates additional demand for microfinance loans
[5,12].

Given the country’s cattle stock, rural population, and reliance on
solid biomass fuels, if proper institutional and policy supports are laid
out, the Ethiopian biogas sector has the potential to evolve as an industry
by itself [20,36]. It is therefore important to highlight the linkages of
biogas production with other economic activities and the SDGs.

The domestic biogas sector links rural energy with crop agriculture
(forward linkage), and with the livestock, construction, and microfi-
nance sectors (backward linkages). These backward and forward link-
ages also represent the channels through which the biogas sector con-
tributes to achieving the SDGs. Fig. 1 summarizes these linkages with
other economic sectors (livestock, crop cultivation, energy, construc-
tion, government, and financial intermediaries) and the SDGs (1, 2, 3,
5,7,9,13 and 15).

The expansion of the biogas sector has the potential to particularly
help to achieve the SDG 7 (affordable and clean energy), SDG 3 (ensure
healthy lives and promote wellbeing), SDG 2 (end hunger and promote
sustainable agriculture), and SDG 13 (climate action) [19,39].

The schematic presentation of the backward and forward linkages
of biogas sector (such as the one given in Fig. 1) helps to visualize the
multiple effects of the growth in the biogas sector and to design a bet-
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Fig. 1. The linkages between domestic biogas production, economic activities, and the SDGs
Source: Author’s illustration.
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Fig. 2. A production technology nest for domestic biogas production
Source: Author’s illustration.

ter coordination mechanism among stakeholders. It is also the starting
point to stipulate a production technology nest to represent biogas pro-
duction process, as a separate economic activity, within multisectoral
energy-economy models to assess the energy, economic, environmen-
tal, and health benefits of biogas. For example, one can consider the
production technology nest in Fig. 2 to capture the biogas production
process in multisectoral economic models such as in computable general
equilibrium models (see also, [7]).

Fig. 2 depicts how different intermediate inputs (dung, water, and
maintenance services), and primary factors of production (labor and
capital) are aggregated in the biogas production process that yields bio-
gas fuel (consumed by households) and slurry (used in crop growing
activities).

Materials and methods
The overall approach

There exists little or no market transaction for domestic biogas prod-
ucts (fuel and slurry) and their inputs of production (dung, water, un-
paid family labor) in developing countries like Ethiopia. This makes es-
timating the economic contribution of the biogas sector difficult. The

common approach is therefore to elicit based on the values of replaced
commodities, i.e., other cooking fuels (for the biogas fuel) and fertil-
izer (for the slurry). However, oftentimes, neither most of the substi-
tutable fuels (e.g., dung, crop residues, firewood) nor organic fertilizers
are traded in rural areas. In such cases, it is common to use shadow
prices (see, for example, [17]) or market prices of related commodities
(which is followed in this study) to impute the prices of the inputs, sub-
stitutable fuels, and organic fertilizer.

Due to data availability, all estimated values in this study are built
around 2015/16 Ethiopian fiscal year and, where it is necessary, con-
verted from Ethiopian Birr (ETB) to US Dollar (USD) using the average
exchange rate of the year, i.e., 21.1 ETB/USD [29]. The national aver-
age prices are obtained from Central Statistical Agency of Ethiopia [8].
Because such prices are usually influenced by urban markets, to give
a range of values, the study rather applies two sets of prices for the
substituted fuels (firewood, charcoal, dung cake, and crop residues) to
estimate the unit value of biogas fuel. These are the national average
prices (NP), and the adjusted rural prices (RP = 50% of NP). The inputs
(fresh dung, water, and family labor) are valued using the set of ad-
justed rural prices (RP) as they are entirely collected from rural areas.
Such adjustment to rural prices is also common in the country’s national
income accounting practice [27].

It is natural to expect lower prices for commodities produced and
sold in rural areas on two main grounds. First, unlike those in urban
areas, rural prices hardly include the transport and trade margins. Sec-
ond, oftentimes, economic activities in rural areas use cheap (or un-
paid) family labor, and communal natural resources (e.g., river streams,
woodlands) implying lower production costs compared with the corre-
sponding activities and products in urban areas.

Unit values of outputs

Calculating the unit value of biogas fuel requires information on the
number, types, and prices of fuels that are likely to be substituted, their
substitution ratios (units of a substituted fuel to a unit of biogas, i.e.,
the calorific value or energy content of the presumably substituted fuel
relative to that of biogas), and household energy mix (the share of a sub-
stituted fuel in the household energy consumption) [12]. We presume
that households exhibit “fuel stacking” behavior and thus use multiple
fuels to meet their energy demand [4]. In other words, households may
substitute several fuels by biogas at the same time.

The NBPE assumes biogas can replace crop residues, dung cake, fire-
wood, charcoal, and kerosene [12]. We took this bundle of fuels to be
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the benchmark case. Besides, we assume that households may use and
hence substitute different fuel mixes reported in other four case stud-
ies [4,13,30,37]. The fuel shares are computed after deriving the gross
calorific values of the fuels [18]. When available, the average substitu-
tion ratio is taken [12,17]). Otherwise, we stick to the substitution ratios
given in the NBPE [12]. It is important to note here that substitution ra-
tios are influenced the burning efficiencies of the fuels in addition to
their respective calorific values [17,18].

All in all, we were able to construct five different cases of rural house-
hold energy mixtures each representing a different combination of fuel
numbers, shares, and substitution ratios to finally compute average unit
prices of biogas fuel for each set of prices. The unit value of biogas fuel
is then computed as following:

n
P, = Z T 1)
7=1

Where, Py, = unit price of biogas fuel, P; = unit price of substitutable
fuel f, S¢ = share of substitutable fuel f in the total reported household
energy (varies across case studies), Ry = substitution ratio or units of
replaceable fuel f to a unit of biogas fuel, and f = substitutable fuels
(slightly varies across case studies).

The unit value of the slurry, on the other hand, is estimated based
on its soil nutrient content relative to inorganic fertilizer. In general,
about 80% of the total solids fed into a digester can be expected to come
out [34] with no loss in the form or quantity of the nutrients [17,34].
Accordingly, the price of slurry is computed as following:

P e e e e e e e @)

Where, P = unit price of slurry, P; = unit price of the replaceable in-
organic fertilizer, and D; = quantity of dung equivalent to a unit of the
inorganic fertilizer. On average, 16 kg of dried dung is equivalent to
1 kg of diammonium phosphate (DAP) fertilizer [17,34]. The price of
DAP is 14.76 ETB/kg (Legesse et al., 2019).

The overall procedure gives us rounded up prices of 4 ETB/m3 of
biogas fuel (valued at adjusted rural prices), and 8 ETB/m? of biogas
fuel (valued at national average prices), and 0.92 ETB/kg of slurry.

Production costs

Biogas production (BG) requires animal dung (D), water (W), labor
(L), capital (K), and repair and maintenance services (M) as summarized
below:

BG = f(D, W, LK, M) - wereeroer eue et et ev e et en e o 3)

The technical coefficients (input-output ratios) for many of the in-
puts are obtained from the NBPE [12] and unpublished reports from
the SNV-Ethiopia [35,36]. The estimated prices for fresh dung and water
are 0.40 ETB/kg and 0.002 ETB/liter, respectively. The imputed price
of fresh dung is also very close to the price of fresh dung (0.37 ETB/kg)
derived based on the soil nutrient content of dung using the approach
employed in Gwavuya et al. [17]. The costs of water estimated here are
however lower than the costs reported in Gwavuya et al. [17] which
were computed based on opportunity costs of 30 min of labor needed
to collect water per day. This study instead explicitly accounted labor
cost (discussed below) to easily map and fit the biogas production pro-
cess within multisectoral energy-economy models (see also Fig. 2). It
makes sense to separately account the costs of water, despite negligi-
ble, as evidence shows many digesters have stopped functioning due to
water shortages [5,20,23].

Collecting, mixing, and feeding inputs to the biogas digester as well
as removing and distributing slurry require daily labor services. We as-
sumed an average digester needs a service of 30 min/day (182.5 h/year)
of unskilled laborer [17].! Based on daily wage rates from CSA [8], we

1 Also, personal communication with Mr. Melis Teka, a Senior Biogas Expert
at SNV-Ethiopia, on 14 June 2021.
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estimated the labor cost to be around 1.60 ETB/day (or 584 ETB/year)
per digester. Capital costs are obtained by dividing the total investment
costs per digester by 20, which is estimated life years of a biogas di-
gester [17].% The total investment cost of average-sized biogas plant (or
6 m?3 size) was around 16,465 ETB (780 USD) in 2016 [35] giving an-
nual capital costs of 823 ETB (39 USD) per digester.®> Evidence shows
that many installed digesters stopped functioning, among others, due to
lack of maintenance and technical supports [5,20]. It is therefore neces-
sary to include the costs for repair and maintenance services which are
assumed here to be 100 ETB/year per digester [5].

Digester (installation) costs

The installation of a fixed-dome digester, the most common digester
model in Ethiopia, exhibits the same production technology nest as any
construction activities. It needs cement, sand, gravel, stones, pipping
and fittings, and labor [17,36]. Explicitly accounting the construction
costs of digesters particularly helps to assess the economy-wide effects
of implementing large-scale biogas programs.

Estimating the total investment (construction) cost requires infor-
mation on, at least, the number of digesters installed each year and the
investment cost per digester. Between 2009 and 2019, on average, the
NBPE installed about 1791 digesters per year [10]. As already pointed
above, the construction cost per average-sized biogas plant is 16,465
ETB (or 780 USD) [35]. The total construction costs of a digester are
shared among costs of construction materials (36%), appliances, acces-
sories, and fittings (23%), and labor costs (40%) if the dome is con-
structed by mason [36]. It also involves additional administrative costs
(2%) if the dome is rather constructed by bio-digester construction en-
terprises (BCEs) [36].

Results

An average biogas digester (6 m® size) is assumed to produce 1710
liters (or 1.71 m?) of biogas fuel per day using 45 kg of fresh dung and 45
liters of water [12]. The corresponding annual values are 624,150 liters
(624.15 m®) of fuel using 16,425 kg of fresh dung and 16,425 liters of
water. An average digester therefore produces biogas fuel that values
from 127 to 250 USD/year, and slurry that values 230 USD/year. Taken
together, an average digester yields a total benefit of USD 357 to 480 per
year. It incurs production costs of USD 383/year from which dung ac-
counts for 81%. The remainder of the production costs are shared among
capital (10%), and labor (7%), and water and maintenance services (~
2%).

Next, the average values per digester are multiplied by the total num-
ber of digesters installed until 2016 (16,000 according to [35]) to obtain
the gross value of outputs and production costs at macro level. It should
be recalled here that the number of digesters for calculating annual in-
vestment costs is rather the number of digesters installed per annum
(i.e., 1791) [10]. Table 2 summarizes the aggregate values.

The estimated annual macroeconomic output from domestic biogas
production ranges from USD 5.70 to 7.68 million whereas production
costs are estimated around USD 6.12 million. The contribution of di-
gester installation (29.5 million ETB/year or 1.4 million USD/year) is
however negligible. The results show that not only the profit margins
are small but also could be negative when the prices of displaced fuels
are low justifying the need for subsidies [5,12].

Table 2 also shows that the slurry accounts for 48 to 64% of the total
benefits. This corroborates previous studies which reported the share of
slurry to be 40 to 88% [35], and 65% [17] of the total economic benefits.

2 The average life years of a digester may in fact range from 15 to 25 years or
even beyond [4,17].

3 Amortizing the investment costs over 20 years with 10 % rate of interest
also gives not that much different capital costs (867 ETB/year).
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Table 2
Gross value of outputs and production costs of domestic bio-
gas in Ethiopia (2015/16, USD).

Per digester Total (Million)

ITEMS RP NP RP NP
OUTPUTS

Biogas 127 250 2.03 4.01
Slurry 230 230 3.67 3.67
Total benefits 357 480 5.70 7.68
INPUTS

Dung 310 310 496  4.96
Water 1.53 1.53 0.02 0.02
Labor 27.7 27.7 0.44  0.44
Capital 39 39 0.62  0.62
Maintenance 4.74 4.74 0.08 0.08
Total production costs 383 383 6.12  6.12
INVESTMENT

Construction costs 780.31 780.31 1.40 1.40

Notes: RP= valued at adjusted rural prices, and NP= valued
at national average prices.

The implication is that the success of biogas digesters highly depends on
the use or sale of slurry of as fertilizer.

The total benefits per digester in Table 2 (USD 357 to 480) are how-
ever higher than the USD 224 benefit reported in Berhe et al. [4]. This
may accrue to the differences in the type and share of replaced fuels, the
method used to estimate the value of slurry, and the geographic scope.
The benefits of biogas in Berhe et al. [4] excludes the value of replaced
dung fuel (perhaps assuming it is free disposal) despite the study re-
ported dung as the main source of energy among its sample households.
The same study also calculated the value of the slurry based on the in-
cremental yield of teff crop which is largely controlled by other sets of
climatic and agronomic factors.

Discussion

Overall, the results show that the total gross value of outputs and
investment costs related to the biogas sector to be around USD 9 mil-
lion per annum. The ratio of this sum to the national GDP is however
miniscule (ca. 0.012%) revealing that the sector is currently in early de-
velopment phase [20]. This should be interpreted with caution though.
The cumulative number of digesters considered in this analysis is hardly
1.5% of the potential households (1.1 to 3.5 million) which could install
biogas digesters [20,23].

Fully exploiting this potential will particularly underpin achieving
SDG 9 which aims at “building resilient infrastructure, promoting in-
clusive and sustainable industrialization” [38]. It can also be aligned
with Target 9.3 which involves increasing “the access of small-scale in-
dustrial and other enterprises, in particular in developing countries, to
financial services, including affordable credit, and their integration into
value chains and markets” [38].

The benefits that accrue from biogas sector go beyond fuel and
slurry. Biogas also contributes to reduce deforestation and emissions
(as it replaces fuelwood combustion), to improve soil fertility (as it re-
places crop residues for fuel), to reduce the health impacts of indoor
air pollution on women and children (as it reduces solid biomass com-
bustion), and to reduce workload on women and children (as it reduces
time needed to collect solid biomass fuels) [5,17,23]. Although eliciting
the monetary values of these and other co-benefits of domestic biogas
was beyond the scope of this study, their values cannot be undermined
[17,25]. An average digester could, for instance, cut GHG emissions
from the stationary combustion of fuelwood by 1.9 t CO,eq per year
[25], and thus could seek carbon finance [12,25].

It therefore needs to constantly raise households’ awareness regard-
ing the multiple benefits of biogas digesters [5,23], to ensure a continu-
ous supply of water and dung especially during drought years [20], and

Energy Nexus 3 (2021) 100017

to avail affordable biogas stoves fitting to baking injera that accounts for
50 to 60% of rural households’ energy consumption [4,23].

Pulling together, given its prospects of growth and environmental
co-benefits, it is imperative to incorporate biogas particularly in those
energy models dealing with the energy-economy-environment (E3) or
water-energy-food (WEF) nexus. One of the crucial steps in this direction
is to identify the backward and forward linkages of biogas production
and estimate the macroeconomic contributions. This is what the present
study attempted to accomplish. The study results can easily feed into fu-
ture research on the economic, social, and environmental effects of bio-
gas compared to other centralized or decentralized energy sources un-
der the current or future economic and energy scenarios. Such research
questions can be addressed using models with multiple agents such as
computable general equilibrium (see, for example, [7]) and agent-based
(see, for example, [41]) models.

That being said, the focus of this study was only on the existing do-
mestic biogas technology in the country, i.e., fixed-dome digester that
involves anaerobic digestion of cattle dung mixed with water [12]. It
is however known that Ethiopia has sizeable but underutilized amount
of biomass residues [15] that can be converted into biogas with ad-
vanced technologies. In light of this, future research is highly needed
on the technical and economic viabilities of alternative biogas tech-
nologies that could process other organic wastes such as sewage sludge
[2,3,16,31], crop residues [6,21,32], and other animal wastes [11,22].
Such research will, among others, help to broaden the scope of biogas
technology and product markets in Ethiopia or Africa in general.

Conclusions

The shift in rural household energy mix is the crucial step towards
the overall energy transition in Ethiopia. Clean and decentralized rural
household energy sources such as biogas have substantial role in this re-
gard. This study therefore attempted to provide a macroeconomic anal-
ysis of the Ethiopian domestic biogas sector. It illustrated the backward
and forward linkages of the sector, and estimated the gross value of
biogas products along with their production costs. It also highlighted
the nexus between biogas and the SDGs. The results suggest that the
economic attractiveness of the biogas sector is highly influenced by the
effective utilization of slurry as fertilizer, and the types and prices of
replaced fuels.

It is therefore imperative to properly recognize the backward (live-
stock) and forward (crop) linkages of biogas in the country’s agricultural
policies and extension services. It also requires laying out concrete and
coordinated institutional and policy supports to make the sector more
attractive to the private sector.

The study comes with caveats. Most of the biomass fuels assumed to
be replaced by biogas, and the inputs are usually non-marketed com-
modities in rural areas. In that sense, the economic estimates in this
study might be sensitive to the imputed biomass fuel prices. This is re-
gardless of the efforts made such as taking averages (substitution ra-
tios, prices, and shares) whenever a range of values are available. It
also makes optimistic assumptions regarding the operational rates of
installed digesters and the ability of households to properly apply the
slurry. The estimated values in this study should therefore be considered
only as indicative meant to shed a light on the intersectoral linkages and
the macroeconomic relevance of the biogas sector.

Notwithstanding its limitations, the study suggests that future re-
search on energy transition in developing countries should not overlook
the importance of biogas and hence needs to incorporate within energy
planning models.

4 Injera is a traditional tiny flat-round bread made from cereals.
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