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Small-scale renewable energy technologies (RETs), such as improved cook stoves 
(ICS), solar power, and biogas, are recognized as crucial for mitigating 
deforestation and greenhouse gas emissions. While various organizations have 
distributed these RETs throughout Ethiopia for diverse purposes, limited evidence 
exists on their actual impact and the challenges hindering widespread adoption. This 
paper reviews existing research and key informant interviews to identify both the 
contributions and barriers specific to these RETs. The findings demonstrate that 
promoting selected RETs significantly decreases household biomass consumption, 
which in turn lowers forest degradation and greenhouse gas emissions. Specifically, 
using ICS and biogas technologies can reduce annual carbon dioxide equivalent 
emissions by 0.56 to 5.67 million tons and wood fuel consumption by 0.3 to 3.1 
million tons. However, the potential wood fuel savings from currently disseminated 
biogas plants and ICS offset less than 7.2% of Ethiopia's overall annual biomass 
energy demand. Several obstacles impede the broader adoption of RETs, including 
technical, financial, market, institutional, and infrastructural limitations. This study 
suggests that greater sector integration, robust financial institutions, capacity-
building centers, active community engagement, and the development of renewable 
energy sources are essential for wider dissemination of RETs.  

 

INTRODUCTION 
Globally, it's estimated that forests cover 4.06 

billion hectares and contain approximately 668 
gigatons of above and below-ground biomass 
(FAO, 2020). Despite this, the total global tree-
growing stock has slightly declined from 560 billion 
cubic meters in 1990 to 557 billion cubic meters in 
2020, largely due to a net decrease in forest area. 
Consequently, carbon stock in these forests has also 
decreased, falling from 668 gigatons to 662 
gigatons between 1990 and 2020 (FAO, 2020; UN, 
2021). Studies suggest that if current deforestation 
rates persist, an estimated 2.76 billion megagrams 
of carbon stored in Ethiopian forest vegetation 
could be released into the atmosphere within the 
next 50 years (FRL, 2016; Meragiaw et al., 2021). 
A primary driver of forest loss, particularly in 

developing nations like Ethiopia, is the heavy 
reliance on fuelwood for energy (Girma et al., 
2024). 

Ethiopia's rapidly growing population is 
driving increased fuelwood demand, which, in turn, 
intensifies deforestation and forest degradation, 
hindering sustainable forest management (Wassie, 
2020; Abebaw, 2024). This reliance on wood-based 
biomass for energy, coupled with inefficient 
technologies, is a major contributor to both 
deforestation and greenhouse gas (GHG) emissions 
(Belachew et al., 2022; Kefalew et al., 2021; Tiruye 
et al., 2021). Traditional fuels like charcoal, 
fuelwood, dung cakes, and agricultural residues 
remain dominant in Ethiopia's energy mix, 
presenting significant health and environmental 
hazards (Mekonnon, 2022; Seboka et al., 2023). 
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Fuelwood collection is also a significant driver of 
forest degradation across Sub-Saharan Africa, 
including Ethiopia (Mperejekumana et al., 2024). 
Ethiopia experienced substantial annual forest loss 
of approximately 140,000 hectares between 1990 
and 2010 (Dresen, 2014). Consequently, under a 
business-as-usual scenario, Ethiopia's GHG 
emissions are projected to rise dramatically, from 
150 to 400 Mt carbon dioxide equivalents (CO2e) 
between 2010 and 2030 (Kefalew et al., 2021). 

Ethiopia is actively pursuing renewable energy 
as a solution to address widespread energy 
inefficiency and limited access to modern energy 
services like electricity (Amare, 2014; Kamp and 
Forn, 2016; Arega and Tadesse, 2017). The country 
is committed to developing RETs for a sustainable 
future. Specifically, biogas plants, solar 
photovoltaic panels, and ICS are being promoted 
and implemented (Marie et al., 2021). This focus on 
sustainability reflects a broader global trend, 
heightened by the 2015 United Nations Sustainable 
Development Summit (Fashina et al., 2018). This 
summit emphasized the need for collaboration 
among various stakeholders to adopt cleaner 
cooking solutions (Hewitt et al., 2018). 
Consequently, numerous researchers have 
underscored the importance of disseminating and 
adopting RETs, recognizing their socio-economic 
and environmental advantages at all levels (Wassie 
and Adaramola, 2019). 

Numerous studies indicate that Ethiopia has 
abundant renewable energy potential, which can 
meet its rising energy demand and spur sustainable 
economic growth (Tiruye et al., 2021). The 
Ethiopian National Biogas Program shows that a 
single biogas digester can conserve approximately 
0.3 hectares of forest each year by lowering 
fuelwood use and can also mitigate up to 4 tons of 
CO2e annually through carbon sequestration and 
emission reductions (GIZ, 2014). Moreover, the 
ICS program, among various stove initiatives in 
Ethiopia, achieves roughly a 40% fuelwood 
reduction over traditional stoves. This translates to 
an annual CO2 emission saving of 11,800 tons, 
equivalent to the carbon storage of over 30 hectares 
of forest (Dresen et al., 2014). 

To address fuelwood consumption and 
greenhouse gas emissions, a variety of strategies are 
being implemented, which include promoting ICS 
and encouraging changes in cooking behaviors 
(Mamuye et al., 2018). In Ethiopia, the national ICS 
program has already achieved the dissemination of 
around 9 million ICS, with the ambitious goal of 
distributing 31 million by 2030. This paper provides 
a detailed assessment of ICS, biogas, and solar 
photovoltaic (PV) technologies, evaluating their 
impact on sustainable forest management and 
greenhouse gas mitigation. The study also explores 
the various challenges that hinder the adoption of 
ICS, biogas, and PV, such as technical, 
sociocultural, financial, institutional, and 
informational barriers.  

 

METHODS 
This research combined a comprehensive 

review of recent publications and documents with 
insights from key informant interviews (KII) with 
stakeholders and energy officials at both regional 
and federal levels in Ethiopia. Articles were sourced 
from international databases including Web of 
Science, Scopus, Library Genesis, SCI-Hub, and 
Google Scholar. Additional data came from books, 
conference proceedings, and working papers 
focusing on the adoption of renewable energy 
technologies (biogas plants, solar panels/ 
photovoltaic cells, and improved cook stoves) 
across Ethiopia. This collected literature was 
rigorously reviewed, screened, and organized to 
extract relevant qualitative and quantitative data.  

A detailed literature review then explored 
barriers hindering the spread of these technologies 
and their impact on sustainable forest management 
and greenhouse gas reduction. The findings from 
this material were synthesized using a narrative 
approach and presented in tables, figures, and 
summaries. Finally, to meet the study's objectives, 
systematic analysis tools were applied to the 
reviewed articles, allowing for the creation of case 
studies and the extraction of qualitative and 
quantitative data following the data collection 
methods outlined in Figure 1. 
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Figure 1. A process flow diagram for the search of articles and data collection method 
The targeted RETs are biogas, ICS, and solar PV which are included in the result sections. 
 

RESULTS AND DISCUSSION 
Implication of Small-Scale Rets on Sustainable 
Forest Management and GHGS Emission 
Reduction 

Africa's forests face severe depletion, ranking 
among the most degraded globally. In 2009 alone, 
approximately 3 million hectares were lost due to 
activities related to woodfuel production, collection, 
and use (Hall, 2024). Woodlands and forests 
function as both carbon reservoirs and carbon sinks; 
their role is dependent on their management and 
utilization (Pelletier et al., 2018; Domke et al., 
2020). The depletion of natural forests for woodfuel 
extraction can diminish carbon sequestration 
capacity, potentially resulting in a net increase in 
CO2 emissions if mitigation strategies are not 
adopted. Current woodfuel extraction methods in 
African nations like Ethiopia pose a significant 
obstacle to achieving Sustainable Development 
Goal 15, which emphasizes forest protection, 
restoration, sustainable management, combating 

desertification and land degradation, and 
biodiversity conservation. Unfortunately, the 
effectiveness of stakeholders responsible for 
safeguarding and monitoring these forests has been 
limited (Gisladottir et al., 2020; Mensah et al., 
2020). 
Improved Cookstoves 

By 2030, ICS is projected to save the 
residential sector 241 petajoules (PJ) of energy 
compared to traditional stoves, a 13.4% reduction 
achieved through ICS promotion and dissemination 
(Mondal et al., 2018). The majority of these 
savings, 233.2 PJ, will stem from decreased 
firewood demand, with an additional 7.7 PJ saved 
from other biomass sources. Given Ethiopia's high 
reliance on biomass energy to 2030, these energy 
savings offer benefits for GHG emissions and 
sustainable forest management. Specifically, 
increased ICS adoption could lower GHG emissions 
by 0.8 million metric tons (mmt) of CO2e in 2020 
and 1.8 mmt of CO2e in 2030. This translates to a 

Data Colleted 

Data Colleted Using Literature Interview: 

 Journals 
 Books 
 Conference Papers 

 Working Papers 

Data Colleted Using Key Informant 
Interview: 

 From Regional and National Bureau 

Focus of Data Collection: 

 Improved Cook Stoves (ICS) 
 Domestic Biogas 
 Solar PV 

 

Main Objectoves of the Article: 

 Implication of small-scale renewable energy technologies to sustainable foresh management 
and green houses gases emission reduction 

 Barriers to dissemination of small-scale renewable energy technologies 
 Solar PV 

 



Indonesian Journal of Innovation and Applied Sciences (IJIAS), 5 (1), 1-17 

4 
 

3.5% and 5.8% reduction in GHG emissions 
respectively in 2020 and 2030, compared to a 
baseline scenario without ICS. The ICS scenario 
holds substantial promise for reducing GHG 
emissions and specifically is projected to help 
reduce about 5.8% of GHG emissions in 2030 
relative to the reference pathway (Mondal et al., 
2018). 

Studies demonstrate that using ICS instead of 
traditional inefficient ones significantly reduces 
biomass consumption. This, in turn, combats forest 
degradation and alleviates health issues stemming 
from indoor air pollution (Adane et al., 2020). 
Research in East Africa, specifically Ethiopia, 
indicates that ICS can decrease household fuelwood 
use by 22% to 46% annually compared to 
traditional stoves (Hanna et al., 2016). However, 
actual fuel savings are influenced by stove type, 
design, food being cooked, cooking duration, and 
stove size (Hanna et al., 2016). Comparatively, 
Wassie and Adaramola (2019) found ICS to use 
33% less fuel and produce 75% fewer CO2e 
emissions than traditional stoves. 

Studies in Ethiopia have demonstrated 
significant benefits of using ICS. Gebreegziabher et 
al. (2012) found that households in the Tigray 
region using ICS collected approximately 70 kg less 
fuelwood and 20 kg less animal dung monthly, 
resulting in a yearly fuelwood saving of 840 kg per 
household. Further research by Beyene et al. (2015) 
indicated that ICS usage in rural Ethiopia saves an 
average of 634 kg of fuelwood and 0.94 tons of 
carbon equivalents per year. A study in the Kafa 
area (Deresen et al., 2014) highlighted ICS's dual 
role in reducing pressure on forests and mitigating 
climate change when used effectively. Specifically, 
an assessment of 11,000 “Mirt” stoves found a 40% 

fuelwood saving in injera baking compared to 
traditional stoves. This translated to an annual 
saving of 1.28 tons of fuelwood per household and a 
total reduction of 11,800 tons of CO2e emissions 
from 11,156 ICS used in the district. 

Each ICS is estimated to decrease wood fuel 
consumption by 3.03 million tons. With 3.3 million 
ICS currently being used in Ethiopia, this translates 
to annual savings of 5.54 million tons of CO2e 
emissions (Wassie and Adaramola, 2019). The 
considerable fuelwood savings observed are 
particularly vital in regions facing fuel shortages, as 
they directly combat forest degradation. These 
findings highlight the significant role of ICS in 
supporting sustainable forest management, reducing 
greenhouse gas emissions, and easing pressure on 
diminishing forest resources. This ultimately 
strengthens climate change mitigation at both local 
and national levels. 

Improved cook stoves are crucial for 
mitigating emissions from deforestation and forest 
degradation (Adane et al., 2021; Parker et al., 
2016). For instance, a study by Kedir et al. (2019) 
in Southern Ethiopia compared the biomass 
consumption and emissions of ICS, Mirt, and 
Gonzie stoves against traditional stoves (see Table 
1). Their findings revealed that the Gonzie stove 
reduced fuelwood usage by 34-54% compared to 
traditional open fires. Furthermore, Gulilat and 
Wedajo (2014) found that the Gonzie stove saved 
41% of fuel when baking injera, compared to 
traditional methods. Variations in the firewood-
saving performance of different ICS models likely 
stem from differences in stove design (Dresen et al., 
2014) and the materials used in their construction 
(Mamuye et al., 2018). 
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Table 1. Summary of ICS contribution to fuelwood saving and emission reduction 

Stove type Fuel-saving Emission reduction Study Sites References 
Mirt stove 22-47.8%  Ethiopia Dresen et al., 2014; 

Biratu, 2016; Kedir et 
al., 2019; Manaye et al., 
2022                                                                                                                                                       

Tikikil stove 18%  Tigray Ethiopia Manaye et al., 2022 
Lakech 23%  Dodola, Ethiopia Mamuye et al., 2018 
Mirchaye 32%  Dodola, Ethiopia Mamuye et al., 2018 

Gonzie 51%  Jogo-Gudedo, 
Ethiopia 

Assefa, 2016 

Gonzie 34-54%  Southern Ethiopia Kedir et al., 2019 
ICS 29%  Bale Eco-region, 

Ethiopia 
Gizachew and Tolera, 
2018  

Standard fuel-
saving stoves 
could 

50% 663.52 tons of 
carbon could be 
reduced. 

Ethiopia Addisu and Alemie, 
2020 

Mirt stove 50%   Ethiopia Addisu and Alemie, 
2020 

Mirt 50% 14ha forest /ha/year 
980 tCO2/stove/year 

Rural Ethiopia Alemayehu, 2015  

Gonzie 64% 18ha forest /ha/year 
1269 
tCO2/stove/year 

Rural Ethiopia Alemayehu, 2015 

Lakech 25% 7.3ha forest /ha/year 
503 tCO2/stove/year 

Rural Ethiopia Alemayehu, 2015 

Mirt stove 31%  Dilla, Ethiopia Yayeh et al., 2021 

 22–31%  Ethiopia Gebreegziabher et al., 
2012 

Mirt stove 634 kg 0.94 tons of carbon 
equivalent per year 

Ethiopia Beyene et al., 2015  

 

Domestic Biogas 
Several studies (Kefalew et al., 2021; Desta et 

al., 2020) have established that implementing small-
scale biogas plants significantly curtails woodfuel 
reliance at the household and local levels. A case 
study in the Fogera district of Northern Ethiopia 
(Amare, 2015) provides concrete data: annual 
household fuelwood consumption fell from 3596 kg 
to just 1062 kg, achieving a remarkable 70% 
reduction. Before biogas implementation, these 
households consumed an average of 324 kg of 
charcoal yearly; this use completely stopped after 
the installation of biogas plants. Animal dung cake 
consumption for fuel also saw a dramatic decrease. 

While households had previously used between 138 
and 230 kg annually, this fell to between 11.5 and 
46 kg after biogas adoption, corresponding to an 80-
92% reduction (Amare, 2015). 

According to a study by Tajebe (2016), the 
dissemination of 10,678 biogas plants in the country 
from 2008 to 2014 led to substantial reductions in 
traditional fuel use. Specifically, it was estimated 
that 8,732 tons of charcoal and 27,162 tons of 
fuelwood were saved annually, along with the 
substitution of 66,463 tons of biomass and 485 tons 
of fossil fuel with biogas. The study calculated that, 
on average, a biogas user consumed 818 kg less 
charcoal and 2,544 kg less fuelwood yearly. This 
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resulted in an estimated annual reduction of 64,684 
tons of CO2e emissions from these plants. 
Likewise, Mengistu et al. (2016) found that biogas-
user households in rural Ethiopia reduced their 
greenhouse gas emissions by an average of 1.9 tons 
of CO2e per plant per year, and saved about 1,038 
kg of fuelwood per year. These results suggest that 
biogas plants offer a pathway to decreasing the 
country's dependence on forests for fuel, thus aiding 
in greenhouse gas reduction and climate change 
adaptation. 

To update national figures, a conservative 
estimate of woody biomass savings and CO2e 
emission reductions from domestic biogas plants 
and ICS can be derived from empirical evidence. 
For instance, Wassie and Adaramola (2019) 
estimated that Ethiopia's 15,000 biogas plants save 
approximately 0.071 million tons of wood and 
reduce CO2e emissions by 0.13 million tons 
annually. However, the Ethiopian biomass energy 
strategy and action plan (MoWIE, 2014) reports that 
the country consumes about 60 million tons of 
biomass for energy each year, with fuelwood for 
cooking accounting for 81% of this total. Therefore, 
existing biogas and ICS programs are currently only 
meeting about 5.2% of the country's total biomass 
energy demand. 

Research indicates that biogas adoption 
contributes to a partial shift in household energy 
sources, moving away from wood fuel towards 
renewable and cleaner alternatives. This trend 

supports the 'energy ladder' hypothesis, suggesting a 
progression from fuelwood to electricity with rising 
household income and improved access to 
renewable energy (Hosier and Dowd, 1987). 
Nevertheless, studies demonstrate that biogas 
adopters often continue to utilize fuelwood and 
animal dung. For instance, Amare (2015) observed 
in Ethiopia that while biogas-adopting rural 
households reduced fuelwood consumption, they 
still relied on it for baking “injera” and used animal 
dung for other cooking needs. Likewise, Laramee 
and Davis (2013) found that both biogas adopters 
and non-adopters primarily used firewood for 
cooking. These results confirm that efficient biogas 
utilization can significantly reduce reliance on wood 
fuels, thereby mitigating deforestation, 
environmental damage, and greenhouse gas 
emissions stemming from the unsustainable 
consumption of traditional biomass and fossil fuels. 

Between 2005 and 2015, Ethiopia distributed 
3.3 million ICS and 15,000 biogas digesters 
(Wassie & Adaramola, 2019), aiming to reduce 
fuelwood consumption and greenhouse gas 
emissions. Each ICS or biogas plant is estimated to 
save 0.918 tons of fuelwood and 4.719 tons of 
CO2e emissions annually. This equates to a yearly 
national woodfuel saving of 3,029,400 tons per ICS 
and 70,791 tons per biogas plant, resulting in a 
greenhouse gas emission reduction of 5,543,802 
tons of CO2e per ICS and 129,548 tons per biogas 
plant each year. 

 

Table 2. Summary of biogas contribution to fuelwood saving and emission reduction 

No. Fuel-saving  Emission/deforestation 
reduction /Money saving 

Study Sites References 

1 275,209 kg of firewood 
and 113,863 kg of charcoal 
per year 

417.768 tons of CO2e and saved 
44.7 ha of forest trees per year. 

Arba-Minch Zuria 
district in South 
Ethiopia 

Tekle and 
Sime, 2022 

2 1856.78 kg per year n annual Carbon dioxide (CO2) 
emission reduction capacity of 
2.75 tons per biogas plant 

Central Rift 
Valley, Ethiopia 

Kefalew et 
al., 2021 

3 1423.06 kg  2.1 tons of CO2 e per biogas 
plant annually 

Wondo Genet 
district, Southern 
Ethiopia 

Desta et al., 
2020  

4 Saving 3847.2192 
kilogram  

1612 kilogramCO2e/Household 
per year (70.47%) 

Amhara National 
Regional State, 
Fogera District, 
Ethiopia 

Amare, 
2014 
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5 Annual savings of 3833.28 
Birr from fuel wood, and 
Birr 1243.20 from 
charcoal, respectively. 

 Amhara National 
Regional State, 
Fogera District, 
Ethiopia 

Amare, 
2014 

6 1.067 tons of firewood 
/biogas annually per year. 

2160.93kg CO2e (52.6%) of 
GHG emission per year per 
household. 

Aletawondo 
Woreda, Sidama 
Zone, South 
Ethiopia 

Woldesilass
ie and 
Seyoum, 
2017 

7  1.9 t of  CO2e per digester per 
year. 

Northern 
Ethiopia, the Case 
of Ofla and 
Mecha Woredas 

Mulu, 2016  

8  221.85 tons of CO2 saved 
annually and 1.53 t CO2 e per 
biogas digester/year. 

Gimbi District, 
Western Ethiopia 

Wakjira et 
al., 2024 

 

Solar PV 
Small-scale solar technologies, including Solar 

Home Systems (SHS), solar cookers, and solar 
photovoltaic (PV) water pumps, offer significant 
environmental benefits in sub-Saharan Africa, 
despite limited research documenting these effects, 
particularly in countries such as Ethiopia. Often, 
they are assumed to reduce dependence on 
traditional biomass fuels, leading to decreased 
forest degradation and greenhouse gas emissions 
(Guta, 2018). Specifically in East Africa, solar PV 
technologies are largely used for electricity 
generation for lighting and water heating (Wassie 
and Adaramola, 2019; Guta, 2018). Crucially, these 
technologies produce virtually no greenhouse gas 
emissions and can deliver electricity to off-grid 
communities, including millions of rural 
households, schools, and clinics. This shift away 
from fuelwood for lighting and heating allows solar 
PV to play a critical role in mitigating deforestation 
and greenhouse gas emissions. 

Despite efforts to expand solar PV technology 
in rural East Africa, Amankwah-Amoah (2015) 
contends that it has done little to decrease reliance 
on biomass for cooking. They attribute this to the 
continued prevalence of biomass fuel use in 
countries like Ethiopia, arguing that PV technology 
fails to address inefficient biomass consumption in 
rural households. Consequently, they advocate for 
substantial investment in alternative, biomass-
efficient technologies to foster responsible forest 

management and ensure long-term energy security 
in East African nations. 
Barriers to RETs Promotion and Dissemination 

Studies indicate that the expansion and 
integration of Renewable Energy Technologies 
(RETs) in Ethiopia are significantly hampered by 
several barriers. These include policy inadequacies, 
technical limitations, quality control issues, a lack 
of standardization, and economic and financial 
constraints (SNV, 2018). A key obstacle is 
insufficient public awareness regarding RETs 
(Fashina et al., 2018). Despite supportive policies 
and strategic plans for the renewable energy sector, 
effective implementation measures are lacking 
(Mekuria, 2016). Furthermore, information and 
awareness gaps exist not only among the public but 
also among designers and promoters of RETs 
(Kassa, 2019; Tiruye et al., 2021). Policymakers are 
also hindered by the limited availability of 
comprehensive and current energy data and maps 
(Kamp and Forn, 2016; Tiruye et al., 2021). This 
data scarcity extends to most renewable resources 
beyond solar and wind, affecting both national and 
regional planning. Ethiopia also struggles with a 
deficit of technical knowledge and skills, evidenced 
by the reliance on foreign experts for the installation 
and maintenance of solar plants, except for small-
scale solar home systems (Kassa, 2019). Finally, the 
limited development and adaptation of energy 
technologies within Ethiopia poses a major 
challenge (Tiruye et al., 2021). 
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The successful adoption and accessibility of 
renewable energy technologies within communities 
hinges on the quality of associated products (Kassa, 
2019; Boke, 2022). However, ensuring quality 
control in a free market economy presents 
challenges, particularly as high-quality products 
often demand substantial upfront investment 
(Mekonnen, 2022). A concerning trend is the 
prevalence of importers who neglect quality 
certification, and investors choosing solar 
equipment certified by less stringent African 
standards. This has led to a surge of substandard 
renewable energy technology in the country. While 
these low-quality components appear cheaper 
initially, their frequent replacement ultimately 
increases costs and negatively impacts the overall 
performance and efficiency of solar PV systems. 

Financial and institutional factors are crucial 
for the promotion of RETs. A major constraint is 
the high initial investment cost (Kebede and 
Mitsufuji, 2017). While banks and institutions offer 
loans to support RET development, the Ethiopian 
energy sector remains largely government-
controlled. Strong institutional support is vital for 
effective RET planning, adoption, and 
dissemination, connecting stakeholders from project 
initiation to financing. Establishing localized 
institutions based on regional resource availability 
is a promising strategy. These institutions can 
facilitate stakeholder networking, assist with 
funding (grants and loans), provide capacity-
building training, conduct resource assessment 
research, address policy issues, and contribute to 
strategy development. 

Currently, community involvement and 
ownership in renewable energy projects in Ethiopia 
are nascent (Kassa, 2019; Kefalew et al., 2021). 
Fostering local participation in fundraising and 
ensuring community ownership are crucial for plant 
security. When communities are engaged from the 
outset and feel a sense of ownership, addressing 

maintenance and sustainability challenges becomes 
more manageable. Ethiopia possesses substantial 
renewable energy resources, potentially allowing it 
to satisfy its domestic needs and export energy 
throughout Africa and beyond. However, several 
challenges impede the sustainable development of 
renewable energy in the nation. The subsequent 
sections will explore these key obstacles, 
summarized in Tables 3, 4, and 5. 
Barriers to Solar PV Promotion and 
Dissemination 

Numerous studies (as summarized in Table 3) 
demonstrate that the adoption of solar PV systems 
continues to be hampered by various sociotechnical 
barriers. These barriers are shaped by local 
conditions, national political and financial structures 
(Müggenburg, 2012), and growing concerns over 
the quality of solar products imported from China to 
countries like Ethiopia (Karakaya and Sriwannawit, 
2015). This mistrust leads consumers to prefer more 
expensive alternatives (Pode, 2013). Furthermore, 
solar PV systems sometimes face competition from 
technologies more suitable for specific geographic 
regions. 

Inadequate management also significantly 
impedes technology diffusion, especially in rural 
areas. A key issue is unsuitable business strategies 
for the target market. Specifically, strategies for 
rural electrification in low-income economies, using 
solar PV, should differ significantly from those 
used in high-income economies (Pode, 2013), 
requiring financial schemes like fee-for-service and 
microcredit (Karakaya and Sriwannawit, 2015). 
Neglecting after-sales service is another major 
barrier to PV system adoption in rural areas. The 
remoteness of many rural electrification sites limits 
access to information, technical assistance, and 
infrastructure, underscoring the necessity of 
ongoing monitoring and maintenance services even 
after purchase (Karakaya and Sriwannawit, 2015; 
Pode, 2013). 
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Table 3. Summary of main solar PV promotion and dissemination barriers 
Category of 
barriers 

Major systemic problems References 

Institutional 
barriers 

 Unclear standards and regulations 

 Tax exemption problem 

 Lack of working culture and trust between users, suppliers, 
and companies 

 No clear and coherent policy 

Gebreslassie, 2021; 
Tiruye et al., 2021; 
Mekonnen, 2022 

Market barriers  The high upfront cost of solar PV 

 Subsidized kerosene fuel 

 Conventional marketing strategy (put items in the shop 
and pay upfront) 

 Poor promotion and dissemination strategy (such as 
suppliers being far away from rural users) 

 Lack of awareness among rural users  

 Poor solar PV supply chains. 

Girma, 2016;  
Kebede and 
Mitsufuji, 2017;  
KII, 2022 

Network 
barriers 

 Poor integration of actors 

 Conflicting approach among actors 

 Poor interaction between users and suppliers 

Kebede and 
Mitsufuji, 2014; 
Kamp and Forn, 
2016; Kassa, 2019  

Infrastructural 
barriers 

 Lack of supportive infrastructure 

 Lack of maintenance service 

KII, 2022 

Financial 
barriers 

 Lack of finance for investment by local companies 

 Unavailability of loan (microcredit) systems and 
institutions  for rural solar users 

 Less investment interest from existing financial 
institutions 

Pode, 2013; 
Karakaya and 
Sriwannawit, 2015; 
Kebede and 
Mitsufuji, 2017 

Capacity 
barriers 

 Lack of skilled manpower for maintenance service 

 Lack of technical know-how of policymakers and customs 
officers 

 Lack of capability of rural users  to prevent or fix minor 
problems 

 Lack of research and capacity building 

Kebede and 
Mitsufuji, 2017; KII, 
2022 

 

Economic barriers significantly limit the 
widespread adoption of residential solar PV 
systems. Specifically, the cost of solar home 
systems is prohibitive in rural areas of many 
developing countries in Asia and Sub-Saharan 
Africa due to high total expenses, substantial initial 
investment, and limited payment flexibility (Pode, 
2013; Karakaya and Sriwannawit, 2015). Moreover, 
factors like the lack of financing options in some 
regions such as Ethiopia often necessitate financial 
support to incentivize the adoption. (Karakaya and 
Sriwannawit, 2015). 

Barriers to Biogas Promotion and Dissemination 
The adoption of biogas technology is hindered 

by various factors, preventing it from reaching its 
intended targets (Mengistu et al., 2016). A primary 
challenge is the significant upfront investment cost, 
particularly burdensome for rural communities 
(Table 4). Researchers propose financial incentives, 
such as subsidies and soft loans, as a possible 
solution (Yousuf et al., 2016). However, other 
barriers persist, including a lack of understanding 
about the technology, insufficient private sector 
participation, limited availability of essential 
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resources like manure and water, and negative 
perceptions surrounding the use of human excreta 
(Kamp and Forn, 2016). Moreover, technological 
issues and land scarcity also contribute to the slow 
adoption rate (Kelebe, 2018). 

Effective dissemination of biogas technology 
is hindered by existing institutional barriers. The 
current institutional structure of the National Biogas 
Program of Ethiopia (NBPE), limited to federal and 
regional levels, does not adequately support 
program implementation in the field. The program's 
reliance on pre-existing woreda-level government 
structures without sufficient modification in the 
woreda mines and energy offices has resulted in a 
broken chain of command between regional and 
woreda offices (Kamp and Forn, 2016; Mengistu et 
al., 2016; Kelebe, 2018). This suggests a need for a 
more robust and integrated institutional framework. 

Technical obstacles hinder biogas adoption. 
Existing domestic biogas systems don't produce 

enough energy to satisfy most Ethiopian 
households' needs (Kamp & Forn, 2016). Critically, 
biogas cannot replace traditional injera baking, 
which represents a major component (50-60%) of 
household energy consumption. The National 
Biogas Program Ethiopia and SNV actively 
promote biogas by involving various stakeholders 
(Gebreegziabher, 2007; Tiruye et al., 2021). While 
the NBPE has moved from a solo approach to a 
collaborative multi-stakeholder model for biogas 
technology dissemination (Boers et al., 2008), local 
technical support hasn't improved noticeably, and 
the dependability of existing biogas plants is still a 
concern (SNV, 2019). Independent initiatives are 
exploring alternative biogas models and business 
strategies to overcome the limitations of the 
standard approach (Kamp & Forn, 2016). Whether 
the NBPE will incorporate these complementary 
efforts remains to be seen (SNV, 2019). 

 

Table 4. Summary of key biogas promotion and dissemination barriers  
Category of 
barriers 

Major systemic problems References 

Technical barriers 

 Lack of standards and quality control measures  

 Inadequate availability of materials( feedstock) 

  Insufficient local research and development work  

 Poor design and construction  

 Lack of technical skills and training  

 Lack of local system performance documentation 

 Low rate of functional installed biogas systems/short 
lifespans 

Kamp and Forn, 2016; 
World Bank, 2019; 
KII, 2022 
KII, 2022 

Financial/economic 
barriers 

 High initial investment cost  

 Lack of financial mechanism  

 Inadequate subsidy  

 High transaction cost  

 High-risk perception by financial institutions 

 Poor financial conditions and purchasing power for 
households 

Kamp and Forn, 2016; 
KII, 2022; 

Information  
barriers 

 Poor dissemination of information regarding the 
technology and incentives are given by the 
government. 

 Lack of awareness regarding substrates other than 
cattle dung for biogas generation 

Hameer and Ejigu,  
2020; Sawo, 2024 

Socio-cultural 
barriers 

 Taste and traditions 

 Strong preference for cooking tradition 

World Bank, 2019  
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 Lack of knowledge and awareness 

 Lack of social acceptance 

Policy & 
Institutional 
barriers 

 Poor implementation of policies and insufficient 
government incentives  

 Lack of institutional coordination and collaboration  

 Absence of competition for construction and 
deficiency in marketing campaign 

 Lack of information and knowledge sharing  

 Lack of monitoring and follow-up services  

 Poor understanding of ownership and responsibility 
of the biogas system 

 Limited private sector involvement 

 Lack of extension network of the Bureaus of 
Agriculture for a large-scale dissemination program 

Kamp and Forn, 2016; 
World Bank, 2019; 
Gebreslassie et al., 
2022; KII, 2022; 
Lohani et al., 2023; 
Smarte Anekwe et al., 
2024 
 
 
 
 
                 

 

Knowledge gaps and lack of awareness, often 
stemming from user behavior, contribute to the 
underutilization of biogas plants in the country 
(Kamp & Forn, 2016). For instance, inadequate 
feeding of bio-digesters directly hinders biogas 
production. Furthermore, water scarcity and 
drought, prevalent in many regions of Ethiopia, 
pose a significant obstacle (Kamp & Forn, 2016). 
The traditional fixed-dome model requires a 
consistent daily input of equal parts manure and 
water (Kamp & Forn, 2016). While approximately 
50% of current bio-digesters are connected to toilets 
to address this water demand, the contribution from 
these connections remains insufficient compared to 
the digester's daily needs. 
Barriers to Improved Cookstoves Promotion and 
Dissemination 

Lack of cohesive strategy and resource 
limitations are significantly hindering the adoption 
of ICS. Despite broad government involvement, a 
lack of capacity and coordination among 
stakeholders results in conflicting priorities. For 
example, the health sector emphasizes clean stoves 
with chimneys, while the energy sector prioritizes 

fuel efficiency (SNV, 2018). The SNV (2018) also 
identifies significant barriers including limited 
access to production resources, small-scale 
workshops using basic, inefficient production 
techniques, and inadequate transportation and 
distribution infrastructure. These factors limit the 
availability of ICS, increase their cost, and impede 
overall market growth. Existing distribution models 
are ineffective and overly focused on production 
capacity rather than supply chain development. The 
lack of incentives for distributors to reach 
customers, combined with poor marketing and weak 
market monitoring, further stifles market 
development. Furthermore, product design issues 
and financial constraints impede progress. Some 
stoves fail to meet user needs, emphasizing the need 
for improved monitoring and feedback during 
product development. Insufficient product 
development capabilities, particularly in testing and 
evaluation, also undermine the national ICS 
program's effectiveness. Limited financial resources 
at all levels of government (federal, regional, and 
Wereda) exacerbate these challenges (KII, 2022). 
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Table 5. Summary of main ICS promotion and dissemination barriers 
Category of 
barriers 

Major systemic problems References 

Institutional 
barrier 

 Weak institutional capacity, inadequate funding & human 
resource 

 Unsatisfactory policy support 

 Dependence on donor funding and government subsidy. 

KII, 2022;  Smarte 
Anekwe et al., 2024 

Market 
barrier 

 Lack of access to production inputs 

 Lack of ICS market channels 

KII, 2022; 

Product 
barriers 

 The problem of fulfilling customer requirements 

 Lack of suitability for local users 

Lohani et al., 2023; 
Olabi et al., 2023  

Economic and 
financial  
barriers 

 Lack of access to long-term credit and/or high-interest rates  

Lack of cross-
sectoral 
integration 
and policy 
alignment 

 No meaningful integration among the diverse agencies, 
stakeholders, and the private sector to effectively develop 
and use RETs  

 The direct link between technology companies supplying 
the ICS and local users is almost non-existent. 

 Limited coordination of stakeholders 

Kamp and Forn, 
2016; Gebreslassie et 
al., 2022; KII, 2022; 
Sawo, 2024 

Capacity 
barriers 

 Lack of technical assistance and adequate pre/post-
adoption training 

 Lack of proper management and maintenance of the 
technologies 

KII, 2022 

 

Lessons Learned and Policy Implications 
1. Strengthening financial support mechanisms, 

such as subsidies and microfinance, to enhance 
affordability. 

2. Expanding awareness campaigns and technical 
training to promote adoption and sustainability. 

3. Integrating small-scale RETs into national 
energy policies and development plans for 
broader impact. 

4. Encouraging public-private partnerships for 
improved distribution and maintenance 
services. 
 

CONCLUSION 
Ethiopia is experiencing a notable increase in 

the promotion and use of RETs, as demonstrated by 
this review. Between 2005 and 2015, substantial 
distribution efforts resulted in approximately 15,000 
biogas plants, 3,300,000 ICS, and 40,000 Solar 
Home Systems reaching communities across the 
country. As a result, households and small 
businesses are significantly decreasing their 

dependence on wood fuel. This shift towards 
cleaner energy is reducing local CO2 emissions and 
encouraging households to adopt a more diverse 
energy portfolio with a significant proportion of 
renewable sources. 

Studies show that using RETs significantly 
eases the strain on forests by lessening reliance on 
wood for fuel, thereby reducing forest degradation. 
Reduced wood burning and increased tree 
conservation contribute to lower greenhouse gas 
emissions. While RETs show potential to aid forest 
conservation and lower emissions, their overall 
impact on deforestation and climate change is 
currently modest and developing. For example, 
Ethiopian biogas plants could potentially save 0.071 
million tons of wood and 0.129 million tons of 
CO2e annually. Improved Cook Stoves (ICS) in the 
same region could save an estimated 3.03 million 
tons of wood and 5.54 million tons of CO2e each 
year. The underutilization of RETs stems from 
various barriers to their promotion and 
dissemination. This review suggests leveraging 
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current local successes to meet broader, long-term 
needs by addressing these barriers and accelerating 
nationwide RET adoption. The adoption of small-
scale RETs has led to reduced fuelwood 
consumption, alleviating pressure on forests. 
Households using Mirt stoves reported a 50% 
reduction in firewood use, while biogas adopters 
nearly eliminated the need for wood-based cooking 
fuel. Solar energy systems have contributed to rural 
electrification, reducing reliance on kerosene and 
other biomass fuels. 

To effectively address the growing demand for 
woodfuel and protect forest resources while 
mitigating climate change, a key policy 
recommendation from this review is the swift and 
extensive promotion and distribution of RETs, both 
in the short-to-medium term and in the long term. 
The national government should prioritize 
supporting this sector through appropriate financial 
and non-financial incentives to encourage the 
widespread adoption of these chosen RETs. 
Crucially, this effort must be accompanied by the 
establishment of maintenance service centers 
staffed by skilled technicians, robust monitoring 
and follow-up services, improved coordination and 
strengthening of institutional structures, and 
comprehensive community awareness campaigns. 

Addressing challenges related to financing, 
awareness, and policy enforcement remains critical 
for further progress. 
1. Strengthening policy frameworks and 

incentives for RET adoption. 
2. Enhancing public awareness and technical 

capacity-building programs. 
3. Expanding financial mechanisms to improve 

affordability. 
4. Integrating RET initiatives with broader 

environmental and rural development 
strategies. 
 

CONFLICTS OF INTEREST 
The authors declare that there are no conflicts 

of interest regarding the publication of this paper. 
 

REFERENCES  
1. Abebaw, S. E. (2024). Household Fuelwood 

Consumption and Its Implication for Carbon 
Dioxide Emission. New Energy Exploitation 
and Application, 3(2), 215-227.   

2. Adane, M. M., Alene, G. D., & Mereta, S. T. 
(2021). Biomass-fuelled improved cookstove 
intervention to prevent household air pollution 
in Northwest Ethiopia: a cluster randomized 
controlled trial. Environmental Health and 
Preventive Medicine, 26(1), 1-15.   

3. Addisu, S., & Alemie, A. (2020). Energy-
saving technology contributions for emission 
reduction under the current climate change 
prospects, Ethiopia. International Journal of 
Environment and Waste Management, 26(4), 
458-470.   

4. Alemayehu, Y. A. (2015). Status and benefits 
of renewable energy technologies in the rural 
areas of Ethiopia: A case study on improved 
cooking stoves and biogas technologies. Int. J. 
Renew. Energy Dev, 4(2), 103-111.   

5. Amankwah‐Amoah, J. (2015). Solar energy in 

sub‐Saharan Africa: The challenges and 
opportunities of technological leapfrogging. 
Thunderbird International Business Review, 
57(1), 15-31.  

6. Amare, Z. Y. (2014). The role of Biogas 
Energy Production and Use in Greenhouse Gas 
Emission Reduction; the case of Amhara 
National Regional State, Fogera District, 
Ethiopia. Benefits, 1(5).  

7. Amare, Z. Y. (2015). The benefits of the use of 
biogas energy in rural areas in Ethiopia: A case 
study from the Amhara National Regional 
State, Fogera District. African Journal of 
Environmental Science and Technology, 9(4), 
332-345.   

8. Arega, T., Tadesse, T. (2017). Household 
willingness to pay for green electricity in urban 
and peri-urban Tigray, northern Ethiopia: 
determinants and welfare effects. Energy Pol. 
100, 292–300.   

9. Belachew, A., Beyene, A. D., & Melka, Y. 
(2022). Households’ Willingness to Pay for 
Improved Cookstove Attributes in the Case of 
Basona Worena District, Ethiopia. Ethiopian 
Economics Association (EEA), 260.   

10. Beyene AD, Randall AB, Gebreegzhiaber Z, 
Martinsson P, Mekonnen A, Vieider F. (2015). 
Do improved biomass cookstoves reduce 
fuelwood consumption and carbon emissions? 
Evidence from rural Ethiopia using a 
randomized treatment Trial with electronic 



Indonesian Journal of Innovation and Applied Sciences (IJIAS), 5 (1), 1-17 

14 
 

monitoring. World Bank Policy Research 
Working Paper; 7324.   

11. Biratu, A. A. (2016). The Implication of Wood-
Burning Stove Efficiency for Environment, 
Health and CO2 Emissions in the Jogo-Gudedo 
Watershed, Ethiopia. Academic Research 
Journal of Agricultural Science and Research, 
4(4),154-163.   

12. Boers, W., Workneh, K., & Eshete, G. (2008). 
National biogas programme Ethiopia. 
Programme Implementation Document (draft 
version). Ethiopian Rural Energy Development 
and Promotion Centre (EREDPC) and SNV-
Ethiopia.   

13. Boke, M. T., Moges, S. A., & Dejen, Z. A. 
(2022). Optimizing renewable-based energy 
supply options for power generation in 
Ethiopia. Plos one, 17(1), e0262595.   

14. Desta, G. A., Melka, Y., Sime, G., Yirga, F., 
Marie, M., & Haile, M. (2020). Biogas 
technology in fuelwood saving and carbon 
emission reduction in southern Ethiopia. 
Heliyon, 6(10).    

15. Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ). (2014). Energy from 
biogas and biomass: Market opportunities in 
Kenya.   

16. Domke, G. M., Oswalt, S. N., Walters, B. F., & 
Morin, R. S. (2020). Tree planting has the 
potential to increase carbon sequestration 
capacity of forests in the United States. 
Proceedings of the national academy of 
sciences, 117(40), 24649-24651.   

17. Dresen E, DeVries B, Herold M, Verchot L and 
Müller R (2014). Fuelwood savings and carbon 
emission reductions by the use of improved 
cooking stoves in an Afromontane forest, 
Ethiopia. Land, 3 (3), 1137-1157.   

18. Fashina, A., Mundu, M., Akiyode, O., 
Abdullah, L., Sanni, D., & Ounyesiga, L. 
(2018). The drivers and barriers of renewable 
energy applications and development in 
Uganda: a review. Clean Technologies, 1(1), 9-
39.   

19. Food and Agriculture Organization of the UN 
(FAO). (2020). “Global Forest Resources 
Assessment 2020”.   

20. FRL (Ethiopia’s Forest Reference Level) 
(2016). Ethiopia’s forest reference level 
submission to the UNFCCC.   

21. Gebreegziabher Z, Mekonnen A, Kassie M, 
Köhlin G. (2012). Urban energy transition and 
technology adoption: The case of Tigrai, 
northern Ethiopia. Energy Economics, 34 (2), 
410–418.   

22. Gebreegziabher, Z. (2007). Household fuel 
consumption and resource use in rural-urban 
Ethiopia. Wageningen University and Research. 
https://edepot.wur.nl/31629 

23. Gebreegziabher, Z., Beyene, A. D., Bluffstone, 
R., Martinsson, P., Mekonnen, A., & Toman, 
M. A. (2018). Fuel savings, cooking time and 
user satisfaction with improved biomass 
cookstoves: Evidence from controlled cooking 
tests in Ethiopia. Resource and Energy 
Economics, 52, 173-185.    

24. Gebreslassie, M. G. (2021). Development and 
manufacturing of solar and wind energy 
technologies in Ethiopia: Challenges and policy 
implications. Renewable Energy, 168, 107-118.   

25. Gebreslassie, M. G., Cuvilas, C., Zalengera, C., 
To, L. S., Baptista, I., Robin, E., ... & Castán 
Broto, V. (2022). Delivering an off-grid 
transition to sustainable energy in Ethiopia and 
Mozambique. Energy, Sustainability and 
Society, 12(1), 1-18.   

26. Girma, G., Shimeles, A., Abate, T., Berhanu, 
D., Alemayehu, A., & Belachew, A. (2024). 
Correlation of woodfuel production 
participation among rural households in the 
drylands of Ethiopia. Frontiers in Forests and 
Global Change, 7, 1162114.   

27. Girma, Z. (2016). Techno-economic feasibility 
of small-scale hydropower in Ethiopia: The 
case of the Kulfo River, in Southern Ethiopia. 
Journal of Renewable Energy, 2016.   

28. Gisladottir, J., Sigurgeirsdottir, S., Stjernquist, 
I., & Ragnarsdottir, K. V. (2020). Corruption 
risks in renewable resource governance: case 
studies in Iceland and Romania. Politics and 
Governance, 8(2), 167-179.   

29. Gizachew, B., & Tolera, M. (2018). Adoption 
and kitchen performance test of improved cook 
stove in the Bale Eco-Region of Ethiopia. 
Energy for sustainable development, 45, 186-
189. https://doi.org/10.1016/j.esd.2018.07.002 

30. Gulilat, A., & Wedajo, T. (2014). Stove Testing 
Result: A Report on Controlled Cooking Test 
of Gonzie Stove.   



Indonesian Journal of Innovation and Applied Sciences (IJIAS), 5 (1), 1-17 

15 
 

31. Guta, D. D. (2018). Determinants of household 
adoption of solar energy technology in rural 
Ethiopia. Journal of Cleaner Production, 204, 
193-204.   

32. Hall, C., Vansant, E., den Braber, B., Olesen, 
R. S., & Rasmussen, L. V. (2024). Forestry. In 
Handbook of African Economic Development 
(pp. 390-403). Edward Elgar Publishing.   

33. Hameer, S., & Ejigu, N. (2020). A prospective 
review of renewable energy developments in 
Ethiopia. AAS Open Research, 3, 64. 

34. Hanna, R., Duflo, E., & Greenstone, M. (2016). 
Up in smoke: the influence of household 
behavior on the long-run impact of improved 
cooking stoves. American Economic Journal: 
Economic Policy, 8(1), 80-114. 

35. Hewitt, J., Ray, C., Jewitt, S., & Clifford, M. 
(2018). Finance and the improved cookstove 
sector in East Africa; Barriers and opportunities 
for value-chain actors. Energy Policy, 117, 
127–135.   

36. Hosier RH, Dowd J. (1987). Household fuel 
choice in Zimbabwe: An empirical Test of the 
energy Ladder hypothesis. Resource Energy, 9, 
347–61.   

37. Kamp LM, Forn EB. (2016). Ethiopia's 
emerging domestic biogas sector: Current 
status, bottlenecks, and drivers. Renewable and 
Sustainable Energy Reviews, 60, 475–88.   

38. Karakaya, E., & Sriwannawit, P. (2015). 
Barriers to the adoption of photovoltaic 
systems: The state of the art. Renewable and 
Sustainable Energy Reviews, 49, 60-66.   

39. Kassa, A. B., (2019). Current Status, Future 
Potential and Barriers for Renewable Energy 
Development in Ethiopia. Iranian (Iranica) 
Journal of Energy & Environment, 10(4), 269-
274. 

40. Kebede, K. Y., & Mitsufuji, T. (2014). 
Diffusion of solar innovations in Ethiopia: 
Exploring systemic problems. International 
Journal of Technology Management & 
Sustainable Development, 13(1), 53-72.   

41. Kebede, K. Y., & Mitsufuji, T. (2017). 
Technological innovation system building for 
the diffusion of renewable energy technology: 
A case of solar PV systems in Ethiopia. 
Technological Forecasting and Social Change, 
114, 242-253.   

42. Kedir, M. F., Bekele, T., & Feleke, S. (2019). 
Problems of Mirt, and potentials of improved 
Gonzie and traditional open cookstoves in 
biomass consumption and end-use emission in 
rural wooden houses of Southern Ethiopia. 
Scientific African, 3, e00064.   

43. Kefalew, T., Tilinti, B., & Betemariyam, M. 
(2021). The potential of biogas technology in 
fuelwood saving and carbon emission reduction 
in Central Rift Valley, Ethiopia. Heliyon, 7(9).   

44. Kelebe, H. E. (2018). Returns, setbacks, and 
future prospects of bio-energy promotion in 
northern Ethiopia: the case of family-sized 
biogas energy. Energy Sustainability and 
Society, 8.   

45. KII. (2022). Key Informants Interview with 
Federal and Regional Energy Stakeholders. 

46. Laramee, J., & Davis, J. (2013). Economic and 
environmental impacts of domestic bio-
digesters: Evidence from Arusha, Tanzania. 
Energy for Sustainable Development, 17(3), 
296-304.   

47. Lohani, S. P., Gurung, P., Gautam, B., Kafle, 
U., Fulford, D., & Jeuland, M. (2023). Current 
status, prospects, and implications of renewable 
energy for achieving sustainable development 
goals in Nepal. Sustainable Development, 31 
(1), 572-585. 

48. Mamuye, F., Lemma, B., & Woldeamanuel, T. 
(2018). Emissions and fuel use performance of 
two improved stoves and determinants of their 
adoption in Dodola, southeastern Ethiopia. 
Sustainable Environment Research, 28(1), 32–
38.   

49. Manaye, A., Amaha, S., Gufi, Y., Tesfamariam, 
B., Worku, A., and Abrha, H. (2022). Fuelwood 
use and carbon emission reduction of improved 
biomass cookstoves: evidence from kitchen 
performance tests in Tigray, Ethiopia. Energy, 
Sustainability and Society, 12(1), 1-9.   

50. Marie, M., Yirga, F., Alemu, G., Azadi, H. 
(2021). Status of energy utilization and factors 
affecting rural households' adoption of biogas 
technology in north-western Ethiopia.   

51. Mekonnen, BA. (2022). Thermal efficiency 
improvement and emission reduction potential 
by adopting improved biomass cookstoves for 
sauce-cooking process in rural Ethiopia. Case 
Studies in Thermal Engineering, 38 (2022) 
102315.   



Indonesian Journal of Innovation and Applied Sciences (IJIAS), 5 (1), 1-17 

16 
 

52. Mekuria, E. (2016). Challenges and Prospects 
of Solar Home System Dissemination in Rural 
Parts of Ethiopia: The Case of Solar Energy 
Foundation. Addis Ababa University.   

53. Mengistu MG, Simane B, Eshete G, Workneh 
TS. (2016). The environmental benefits of 
domestic biogas technology in rural Ethiopia. 
Biomass Bioenergy, 90, 131-138.   

54. Mensah, S., Egeru, A., Assogbadjo, A. E., & 
Glèlè Kakaï, R. (2020). Vegetation structure, 
dominance patterns and height growth in an 
Afromontane forest, Southern Africa. Journal 
of Forestry Research, 31(2), 453-462.   

55. Meragiaw, M., Woldu, Z., Martinsen, V., & 
Singh, B. R. (2021). Carbon stocks of above-
and belowground tree biomass in Kibate Forest 
around Wonchi Crater Lake, Central Highland 
of  Ethiopia. Plos one, 16(7), e0254231.   

56. Ministry of water, irrigation, and energy of 
Ethiopia (MoWIE) (2014). National Biomass 
Energy Strategy for Ethiopia. Addis Ababa. 
http://www.euei-pdf.org/sites/ 
default/files/field_publication_file/Ethiopia 

57. Mondal, A. H., Bryan, E., Ringler, C., 
Mekonnen, D., & Rosegrant, M. (2018). 

Ethiopian energy status and demand scenarios : 
Prospects to improve energy efficiency and 
mitigate GHG emissions. Energy, 149, 161–
172.   

58. Mperejekumana, P., Shen, L., Gaballah, M. S., 
& Zhong, S. (2024). Exploring the potential and 
challenges of energy transition and household 
cooking sustainability in sub-Sahara Africa. 
Renewable and Sustainable Energy Reviews, 
199, 114534.   

59. Müggenburg, H., Tillmans, A., Schweizer-Ries, 
P., Raabe, T., & Adelmann, P. (2012). Social 
acceptance of PicoPV systems as a means of 
rural electrification—A socio-technical case 
study in Ethiopia. Energy for Sustainable 
Development, 16(1), 90-97.   

60. Mulu, G. M. (2016). Biogas Technology 
Adoption and Its Contributions to Rural 
Livelihood and Environment in Northern 
Ethiopia, the Case of Ofla and Mecha Woredas. 
Thesis Submitted to Center for Environment 
and Development, Presented in Fulfillment of 
the Requirements for the Degree of Doctor of 
Philosophy in Development Studies, Center for 

Environment and Development), Addis Ababa 
University, Addis Ababa, Ethiopia.   

61. Netherland Development Organization (SNV), 
(2018). Review of Policies and Strategies 
Related to the Clean Cooking Sector in 
Ethiopia. Strengthening the Enabling 
Environment for Clean Cooking Project. 
https://snv.org/assets/explore/download/eth-
seeccs-
review_of_policies_and_strategies_final_report
.pdf 

62. Netherland Development Organization (SNV), 
2019. Biogas Dissemination Scale-Up 
Programme (NBPE+). Report of Bio-digester 
Users’ Survey (BUS), Addis Ababa, Ethiopia.   

63. Olabi, A. G., Elsaid, K., Obaideen, K., 
Abdelkareem, M. A., Rezk, H., Wilberforce, T., 
... & Sayed, E. T. (2023). Renewable energy 
systems: Comparisons, challenges and barriers, 
sustainability indicators, and the contribution to 
UN sustainable development goals. 
International Journal of Thermofluids, 20, 
100498.   

64. Parker, R. J., Boesch, H., Wooster, M. J., 
Moore, D. P., Webb, A. J., Gaveau, D., & 
Murdiyarso, D. (2016). Atmospheric CH 4 and 
CO 2 enhancements and biomass burning 
emission ratios derived from satellite 
observations of the 2015 Indonesian fire 
plumes. Atmospheric Chemistry and Physics, 
16(15), 10111-10131.   

65. Pelletier, J., Paquette, A., Mbindo, K., Zimba, 
N., Siampale, A., Chendauka, B., Siangulube, 
F., & Roberts, J.W. (2018). Carbon sink despite 
large deforestation in African tropical dry 
forests (miombo woodlands). Environmental 
Research Letters, 13(9), 094017.  

66. Pode, R. (2013). Financing LED solar home 
systems in developing countries. Renewable 
and Sustainable Energy Reviews, 25, 596-629.   

67. Sawo, B. A. (2024). Prospects and Challenges 
of Renewable Energy in Ethiopia With Special 
Focus on Trends and Practices. JIM: Jurnal 
Ilmiah Mahasiswa Pendidikan Sejarah, 9(2), 
651-664. 

68. Seboka, A. D., Ewunie, G. A., Morken, J., 
Feng, L., & Adaramola, M. S. (2023). 
Potentials and prospects of solid biowaste 
resources for biofuel production in Ethiopia: a 



Indonesian Journal of Innovation and Applied Sciences (IJIAS), 5 (1), 1-17 

17 
 

systematic review of the evidence. Biomass 
Conversion and Biorefinery, 1-32.   

69. Smarte Anekwe, I. M., Akpasi, S. O., Mkhize, 
M. M., Zhou, H., Moyo, R. T., & Gaza, L. 
(2024). Renewable energy investments in South 
Africa: Potentials and challenges for a 
sustainable transition-a review. Science 
Progress, 107(2), 00368504241237347.   

70. Tajebe, L. (2016). Bio-Gas Technology 
adoption in rural Ethiopia: Its effect on the 
crisis of deforestation. J Energy Technol Policy, 
6(1).   

71. Tekle, T., & Sime, G. (2022). Technical 
Potential of Biogas Technology to Substitute 
Traditional Fuel Sources and Chemical 
Fertilizers and Mitigate Greenhouse Gas 
Emissions: The Case of Arba-Minch Area, 
South Ethiopia. The Scientific World Journal, 
6388511.  

72. Tiruye, G.A., Besha, A.T., Mekonnen, Y.S., 
Benti, N.E., Gebreslase, G.A., Tufa, R.A. 
(2021). Opportunities and Challenges of 
Renewable Energy Production in Ethiopia. 
Sustainability, 13, 10381.   

73. UN. (2021). United Nations Department of 
Economic and Social Affairs, United Nations 
Forum on Forests Secretariat (2021). The 
Global Forest Goals Report 2021. 
https://www.un.org/esa/forests/wp-
content/uploads/2021/08/Global-Forest-Goals-
Report-2021.pdf 

74. Wakjira, L., Tolera, M., & Shifaraw, G. (2024). 
Contribution of Biogas Technology in Forest 
Conservation and Carbon Emission Reduction, 
Gimbi District, Western Ethiopia. Science, 5(1), 
1-18. 

75. Wassie, S. B. (2020). Natural resource 
degradation tendencies in Ethiopia: a review. 
Environmental Systems Research, 9, 1-29.   

76. Wassie, Y. T., & Adaramola, M. S. (2019). 
Potential environmental impacts of small-scale 
renewable energy technologies in East Africa: 
A systematic review of the evidence. 
Renewable and Sustainable Energy Reviews, 
111, 377-391.   

77. Woldesilassie, G. S., & Seyoum, A. (2017). 
The determinants of biogas technology 
adoption and its implication on environmental 
sustainablity: the case of Aletawondo Woreda, 

Sidama Zone, South Ethiopia. J. Energy 
Technol. Policy, 7(8), 2225-0573.   

78. World Bank. (2019). Global financial 
development report 2019/2020: Bank regulation 
and supervision a decade after the global 
financial crisis. The World Bank. 
https://openknowledge.worldbank.org/handle/1
0986/32595 

79. Yayeh, T., Guadie, A., & Gatew, S. (2021). 
Adoption and fuel use efficiency of mirt stove 
in Dilla district, southern Ethiopia. Cleaner 
Engineering and Technology, 4, 100207.   

80. Yousuf, A., Khan, M. R., Pirozzi, D., & Ab 
Wahid, Z. (2016). Financial sustainability of 
biogas technology: Barriers, opportunities, and 
solutions. Energy Sources, Part B: Economics, 
Planning, and Policy, 11(9), 841-848.   

 

 

 

 

 

 

 

 


