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Abstract

Ethiopia possesses abundant wind resources that have the potential to revolutionize its energy sector by provid-

ing reliable and sustainable electricity through wind power. Despite the presence of a few operational wind farms,
the country is facing challenges in generating sustainable electricity. The slow progress in wind power development
raises concerns, as the impact of declining power generation from existing wind farms on economic development
and return on investment remains insufficiently examined. The research paper aims to examine the status, chal-
lenges, and opportunities in developing, deploying, and sustaining wind power generation. This was accomplished
through qualitative and quantitative analysis using 11 years of power generation data from operational wind farms
and field research. Data sources include Ethiopian Electric Power, wind power operation reports, official government
reports, field observations and discussions with wind power operators. The study reveals that challenges such as inter-
mittent wind resources, high initial investment costs, inadequate transmission infrastructure, limited skilled workforce,
and environmental concerns hinder the realization of wind energy’s full potential. The article provides evidence-based
recommendations for policymakers and the wider stakeholders to address the challenges and maximize benefits

of wind energy in Ethiopia. This contributes to understanding the current situation and necessary actions to harness

the country’s abundant wind power potential.

Keywords Wind power, Renewable energy, Energy security, Ethiopia, Sustainable development

Introduction

Ethiopia’s expanding population and economy has led to
a higher demand of power for the last three decades. The
country designed different energy policies and plans that
address the growing demand and promote accessibility.
The base for all on going grand development plans is the
climate resilient green economy (CRGE) strategy. This
strategy aims to transform Ethiopia from low income to
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a middle-income country by 2025 by developing diversi-
fied energy mix and improved energy efficiency (FDRE,
2011). Subsequently, the country implemented cascaded
plans of its CRGE as the first growth and transforma-
tion plan (GTP1) (FDRE, 2010), the second growth and
transformation plan (GTP2) (FDRE, 2015), and National
Electrification Program (MoWIE, 2019). These plans
were complementarily supported by the UN’s 17 Sustain-
able Development Goals, including SDG 7 for clean and
affordable energy (UN, 2030). SDG 7 intends to achieve
six goals by 2030: ensuring everyone has access to energy,
increasing the use of renewable energy in the world’s
energy mix, doubling the rate of global energy efficiency
improvement, encouraging international collaboration
for clean energy research and technology access, expand-
ing infrastructure, and upgrading technology for modern
and sustainable energy services (UN, 2030)
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Irrespective of all the ambitious plans and efforts,
the country’s combined installed generation capacity
from hydropower, wind, solar, geothermal and few die-
sel based generators reach 5,273.77 MW by 2022 (EEP,
2022). A recent study by (Tesfay et al., 2024), contains
detailed share of each power generations in the Ethio-
pian power sector. Even at a slower development rate,
the power sector is still contributing significantly to the
country’s economic and social development. The elec-
tricity access rate is currently at 51% and clean cooking
access is only at 8%, despite the fact that 89% of total final
consumption comes from renewable energy (Gebreslas-
sie & Bahta, 2023). However, despite efforts to expand
access to electricity and clean cooking, Ethiopia still has
one of the lowest per capita energy supply and consump-
tion rates in the world (IEA, 2019) (IEA & Tracking SDG,
2020) (ESMAP, 2022). The performance indicators of the
country highlight the need for improvement in achieving
the expected targets. Similarly, the tracking SDG 7, 2022
report expressed its concern that Ethiopia, along with
other countries, may not reach their 2030 targets due
to lack of success in implementing national and interna-
tional plans (WHO, 2022).

Ethiopia aims to diversify its energy sources with
wind energy considered as a sustainable way to meet the
increasing energy demands and complement its hydro-
power during dry seasons. Using wind power has mul-
tiple benefits, including being a renewable and clean
energy source that helps reduce greenhouse gas emis-
sions and mitigate climate change (Dong et al., 2023;
Kammen, 2006; Mammadov et al., 2022). Wind power
also has a short construction period, making it a quick
solution to meet energy demands and creating stable jobs
and contribute to local economic growth (Enel, 2023)
(Loomis et al., 2016) (Simas & Pacca, 2014). Despite Ethi-
opia’s abundant wind resources in regions such as the Rift
Valley and highlands, the country has few wind farms,
such as Ashegoda Wind Farm, Adama I and II, and Aysha
IT with several other wind farms planned for develop-
ment. The government has made a strong effort to sup-
port wind power generation by implementing policies
and strategies to attract both local and foreign investors.
Additionally, international organizations and financial
institutions have extended financial and technical sup-
port to facilitate the growth of wind power projects in the
country.

However, generating sustainable electricity from the
few established wind farms is becoming a growing con-
cern in the country, and the pace of wind power devel-
opment has been slow. The decline in power generation
trend from the existing wind farms and its consequences
on the country’s economic development and return on
investment has not been thoroughly studied. The aim
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of this paper is therefore to examine these by address-
ing three main questions: (1) how has power generation
evolved since the inception of wind farm development
in Ethiopia? (2) What are the main causes for discrepan-
cies between predicted and actual power generation and
expansion of the wind energy sector? (3) Which policies
would effectively address these challenges and harness
Ethiopia’s abundant wind energy potential? To answer
these questions, we gathered primary and secondary
quantitative and qualitative data by conducting field
visits, observations, discussions with Ethiopian electric
power officials, recording historical power generation
data from official documents, and reviewing recent pub-
lications. By employing these methods, this study identi-
fies the main challenges contributing to discrepancies in
power generation forecasts, their impact on investment
returns, and the low pace of wind farm development. It
also suggests proven policy recommendations to address
these challenges. The outcome of this study will be signif-
icant for policy makers and stakeholders in solving exist-
ing power plants’ technical issues, local capacity building,
improve research, technology development and planning
for expansion.

The paper has 7 sections. Sect. "Methods and materi-
als" describes the research methods used. Sect. "Power
generation in Ethiopia" shows the trend of wind power
generation in Ethiopia over almost 11 years. Sect. "Chal-
lenges of wind power generation" discusses the challenges
in the sector including discussions on its consequence
to the economic development. Sect. "Opportunities for
wind power development" details the wind power oppor-
tunities with Sect. "Policy recommendations” providing
evidence-based recommendations for policy makers.
Sect. "Conclusions” provides concluding remarks.

Methods and materials

This research paper uses data spanning 11 years and field
research from one of the wind farms to analyse power
generation. The data were collected from various sources
including Ethiopian Electric Power, official reports, and
scientific articles. The goal of the assessment is to pro-
vide an accurate representation of electricity generation
in Ethiopia, as well as evaluate the performance of wind
power plants and their impact.

Description of the study area

Ethiopia has been making efforts to harness its wind
energy potential. As part of these initiatives, the coun-
try has developed four wind farms namely Ashegoda
Wind Farm (120 MW), Adama I Wind Farm (51 MW),
and Adama II Wind Farm (153 MW), and Aysha II
(current initial generation at 80 MW) (EEP, 2022).
These projects have contributed to the overall energy
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generation capacity growth and expanding wind power
in the country that is paving the way for further devel-
opment in the sector. As indicated in Fig. 1, location of
these wind farms is in the Tigray, Oromia and Soma-
lia regions with further developments planned within
these and other regions of Ethiopia.
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Data sources and collection methods

This study uses both primary and secondary data as
shown in Fig. 2. The primary data come from Ethiopian
Electric Power focusing on wind power generation from
2013 to 2021, field observations and discussions with
wind power operators. The authors were part of a con-
sulting forum that supported Ethiopian Electric Power
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Benesha

» Ashegoda wind farm

I—’ Aysha wind farm II
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ations, Nationalities

Fig. 1 Location of the existing three wind farms in Ethiopia
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Fig. 2 Data sources and collection methods
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and Ethiopian Electric Utility regional offices from
July 2021 to November 2022. The forum met weekly to
address challenges at power generation plants in the Tig-
ray region, including the Ashegoda wind farm. The meet-
ings provided detailed primary quantitative data and
discussions among industry experts, higher education
institutions, policy makers, and representatives from the
Ethiopian Electric regional office responsible for operat-
ing the Ashegoda wind farm. During this time, we con-
ducted monthly field observations at the wind farm. Data
on the power generation were gathered from the official
records of the Ethiopian Electric Power regional office,
which maintains the country’s power generation data.

The secondary data come from reviewing recent aca-
demic and policy publications, regional and national
policies, wind power operation reports, and strategic
government documents. The key documents reviewed
were the Ethiopian Energy Policy, the flagship plan for
universal access called "National Electrification Pro-
gramme 2" (MoWIE, 2019), yearly plans from Ethiopian
Electric offices, and other academic policy publications.

The power generation and investment of wind farms
are considered quantitative data, while the rest is qualita-
tive data, which guided the analysis process.

Data analysis procedures
Both the qualitative and quantitative data were analysed
in detail based on the data analysis steps given in Fig. 3.
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The statistical results provide opportunities for inter-
pretations and conclusions. This thorough analysis
offered insights into the challenges and opportunities of
wind power farms. It presented both quantitative and
qualitative data on the contribution and challenges of
wind power generation. The study analysed reasons for
the lack of sustainable wind power generation and its
impact on economic development. The findings informed
evidence-based recommendations for addressing chal-
lenges and enhancing future development in wind energy.

Power generation in Ethiopia

Ethiopia, along with other African countries, struggles
with significant interrelated energy security challenges.
Ethiopia’s heavy dependence on hydropower makes the
country vulnerable to droughts and fluctuating rainfall
patterns, impacting electricity generation and grid stabil-
ity. The on-grid infrastructure related to hydropower also
leaves significant portion of the population, particularly
in rural areas, lacking access to electricity. The coun-
try also lacks technical and institutional capacity and
financial resources making it difficult to develop large-
scale energy projects. To successfully oversee a complex
energy system, trained local staff and strong institutions
are essential, but the country is fully dependant on for-
eign experts for its energy infrastructure development.
It is critical to upkeep current power infrastructure for
dependable electricity provision. Encouraging energy

Data analysis procedures

AV4

Quantitative data

Qualitative data

Historical power generation, investment data

Type of data

discussion notes, reports, publications,

<7 observations
I Data preprocessing |
Cleaning and standardization of data sets data documentation, translation
I Analysis software |
Excel Not applicable
I Analysis tools |

Descriptive statistics such as Bar charts

coding, clustering and integration

Fig. 3 Step-by-step data analysis procedures
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efficiency and deploying demand-side management pro-
grams are key to curbing consumption and easing strain
on the grid. Addressing these challenges demands a com-
prehensive strategy to bolster energy security. Including
wind, solar, and geothermal power can strengthen energy
production and reliability by diversifying the energy
sources for a more robust generation capacity.

Ethiopia’s wind power potential

Ethiopia’s geography and topography provide great
potential for wind power generation (Hameer & Ejigu,
2020). With abundant wind resources in regions such as
the Rift Valley and highlands, both local and global inves-
tors have recognized the importance of wind power as a
key part of the country’s renewable energy strategy. The
Hydrochina Corporation report found that Ethiopia has
6,720 MW of potential sites for wind power develop-
ment (Jiangtao et al, 2012). This is supported by studies
conducted by Ethiopian Electric Power, which projects a
capacity of over 10,000 MW. However, except few wind
resource assessments on certain sites (Jiangtao et al,
2012; Mulugetta & Drake ,1996 ; Wolde-Ghiorgis , 1988),
wind resource estimates in the country rely on satellite
data that are unreliable for investors. There is a lack of
detailed mapping of wind resources, with scattered stud-
ies only indicating some key potentials. The existing wind
resource data collected by the National Meteorological
Service Agency (NMSA) do not follow the standard for
wind speed measurements needed to determine wind
power potential as its for aviation purposes (Asress et al.,
2013). Therefore, in order to attract potential investors
and fully utilize the abundant wind resources, the country
needs extensive wind resource assessment and mapping.
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This will require significant investment requiring com-
mitment from the government and other stakeholders.
Detailed mapping can attract investors to feasible wind
power sites, which has huge potential to make Ethiopia
a top destination for wind power investments in Africa.

Status of wind power generation

Wind power generation began in 2013, and data were col-
lected to track the power generation trend for 11 years.
At the present, the country has few operational wind
farms, such as Ashegoda Wind Farm, Adama I and II,
and Aysha II with several other wind farms planned for
development. Wind trends at the site show that March
has the highest wind resources, resulting in maximum
power generation. In contrast, August experiences the
lowest wind resources and minimum power generation,
as depicted in Fig. 4. It is important to note that power
generation is affected not only by wind availability, but
also by turbine downtime due to maintenance issues.
From 2013 to 2017, the farm’s power production gradu-
ally increased after an initial period of commissioning.
However, there was a decline in power generation from
2018 to 2021 due to disputes between the Ethiopian Elec-
tric Power, owner of the wind farm, and the company that
developed the wind farm. Originally, the company was
supposed to take over operation and maintenance after
commissioning, with the owner paying for the services.
However, a dispute between them led the developer to
abandon the wind farm. This caused significant disrup-
tions in maintenance and operation, impacting power
generation. In November 2020, a war started between the
Ethiopian Government and regional forces in the Tigray
region. This conflict literally halted the operation of the
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m2019
m2018
m2017
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m2014
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Fig. 4 Monthly power generation from Ashegoda wind farm (Own elaboration using data from Ethiopian Electric Power)
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Fig.5 Average monthly power generation from Ashegoda wind farm from 2013 to 2021 (Own elaboration using data from Ethiopian Electric

Power)
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Fig. 6 Monthly power generation from Adama | wind farm (Own elaboration using data from Ethiopian Electric Power)

wind farm located in the region for a specified period,
resulting in minimum power generation from the farm.

The Ashegoda power plant was expected to generate
400 GWh, but it fell short even during its peak power
generation periods from 2014 to 2017. Monthly aver-
age generation from 2013 to 2021 showed a total of 129
GWh power, just 32.3% of the expected amount as shown
in Fig. 5. This significantly impacted the plant’s return on
investment.

Wind data from the site indicate that December has the
highest wind resources, while September has the lowest.
The other months show varying levels of wind resources,
resulting in fluctuating power generation trends as
depicted in Fig. 6. Adama I wind farm has maintained
consistent power generation since its inception, in con-
trast to the Ashegoda wind farm which has experienced
fluctuations. Power generation was slightly higher from
2013 to 2016 compared to 2017 onwards due to mainte-
nance challenges.
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Fig. 7 Average monthly power generation contribution of Adama | wind farm from 2013 to 2021 (Own elaboration using data from Ethiopian

Electric Power)
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Fig. 8 Monthly power generation contribution of Adama Il wind farm (Own elaboration using data from Ethiopian Electric Power)

The Adama I wind farm is expected to generate 168
GWh vyearly. Analysis of its monthly power generation
from 2013 to 2021 shows the plant is operating at around
86% capacity (as in Fig. 7). Adama I wind farm outper-
forms Ashegoda and Adama II wind farms due to better
power generation rates, thanks to the majority of units
functioning as expected.

Both Adama I and Adama II have similar wind resource
trends, with December having the highest and Septem-
ber the lowest availability (Refer to Fig. 8). Adama II out-
performs Ashegoda and Adama I as the best-performing
wind farm in terms of similarity in generating electricity

through the years. Since its commissioning in 2007, the
Adama II wind farm has consistently generated electric-
ity with minor fluctuations throughout the years. How-
ever, there are distinct patterns in power generation each
month. For instance, the highest power output occurred
in July 2021, while in June 2016, the peak power gen-
eration was observed. These fluctuations are primarily
attributed to turbine maintenance challenges rather than
resource availability.

Adama II wind farm is expected to generate 479 GWh
annually, but in reality, it only achieves 56.8% of this
expected output, as indicated in Fig. 9.



Gebreslassie and Tesfay Sustainable Energy Research (2024) 11:43

B Average actual monthly generation

60

50

4

(=]

3

(=]

2

(=]

Power Generation (GWh)
)

[w)

&
& F

&
Nad 3 OC’J\ %QAQJ Q@cﬁz}

Page 8 of 16

B Average expected monthly generation

|||I.|I|IHI|I||||||I||

N
w@a{\ W& &

Fig.9 Average monthly power generation contribution of Adama Il wind farm from 2013 to 2021 (Own elaboration using data from Ethiopian
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Fig. 10 Ethiopia’s wind power generation trend (Own elaboration using data from Ethiopian Electric Power)

Figure 10 shows the average annual power genera-
tion trend from wind farms for better understanding of
the yearly power generation. The highest point of wind
power generation occurred in 2016, coinciding with the
operation of the three wind farms (Ashegoda, Adama I
and Adama II). Power generation consistently rose from
2013 to 2016, ultimately reaching 786 GWh. The power
generation was expected to be steadily increasingly with
all turbine units being commissioned. However, since
2017, power generation has been declining due to opera-
tional challenges highlighted in Sect. "Challenges of wind
power generation”. These challenges include conflicts

such as the Tigray war, affecting the operation of the
Ashegoda wind farm. The Adama wind farms (Adama I
& II) are generating power consistently, albeit at a lower
capacity than anticipated. However, the Ashegoda wind
power plant began experiencing a power generation
decline in 2017 and has been completely inactive since
the start of the Tigray war in 2020. This was caused by a
combination of the war and pre-existing operational dif-
ficulties. This reveals the functionality challenges of the
wind power plants regardless of the expansion efforts.
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Fig. 11 Share of Ethiopia's wind power against total power generation trend (Own elaboration using data from Ethiopian Electric Power)

Share of wind power generation in Ethiopia’s power sector
The up-to-date data showed that the share of wind power
generation in Ethiopia’s total electricity generation is rel-
atively small. According to the Ethiopian Electric Power,
as of 2023, wind power accounted for approximately
404 megawatts (MW) of installed capacity, representing
around 7.7% of the country’s total installed capacity but
the actual generation from the wind farms represents
around 2% only (EEP, 2022). Biomass and geothermal
power generation units are also part of the utility-scale
power sources, but they contribute minimally due to
maintenance challenges, often remaining idle as shown
in Fig. 11. Ethiopia does not have utility-scale solar
power generation. Solar energy is mainly used in rural
areas through off-grid energy systems to improve energy
access. This share is very small compared to the untapped
wind energy potential, which is highly expected to con-
tribute to the government’s ambitious targets to achieve
17,300 MW generation capacity from renewable energy
mix by 2030. The governments focus on renewable
energy development, combined with the country’s wind
resource potential, indicates a positive outlook for the
future share of wind power generation in Ethiopia. Fig-
ure 11 indicates the dominance of hydropower contri-
bution and the pace of wind power development and its
contribution to the overall electricity generation capacity
of the country. Ethiopia’s dominance in hydropower is
primarily due to its abundant water resource and elevated
topography. It has a vast network of rivers, including
the Blue Nile, which originates in Lake Tana and carries
significant volume of water, making Ethiopia the sec-
ond country in hydropower potential from the African

continent (Mohammed, 2024). The strong water flow in
the highlands of the country, along with steep gradients
and elevation drops, created perfect conditions for gener-
ating hydroelectric power. Additionally, the technology is
matured and its industrial use has started since 1880 (Kil-
lingtveit, 2019). The mature technology and ample water
resources is making hydropower the dominant force in
the country’s power generation mix.

However, there have been various factors impacting
the sustainability of hydropower generation in Ethiopia,
such as droughts, siltation, and rising power demand due
to population growth and industrialization. Therefore,
to address these challenges, Ethiopia is actively engaging
in diversifying its power sources by incorporating wind,
solar, biomass and geothermal energy resources. Wind
energy is considered an attractive option due to its abun-
dant resources and increasing competitiveness with tra-
ditional power technologies.

Challenges of wind power generation

While wind power presents promising opportunities,
there are also challenges to its widespread adoption in
Ethiopia. These include the intermittent nature of wind
resources (Ren et al., 2017), the need for adaptable and
reliable transmission infrastructure, and high upfront
costs (Mukasa et al., 2015). Wind speeds can vary sig-
nificantly and are not constant throughout the year. This
intermittency makes it difficult to ensure a consistent and
reliable electricity supply causing problems to the exist-
ing grid (Ayodele & Ogunjuyigbe, 2015) (Perez-Arriaga &
Batlle, 2012) (George et al., 2010).
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Fig. 12 Ethiopia’s wind power monthly generation behaviour (Own elaboration using data from Ethiopian Electric Power)

Operational challenges

Intermittency of wind

Power generation from wind is typically lower from May
to September, during the rainy season of the country,
compared to the other months that are considered as dry,
as indicated in Fig. 12. From October to April, there is a
steady trend with December typically having the high-
est peak in most years. However, even with such variable
resources, wind energy is seen as a promising addition to
hydropower because they complement each other well:
in rainy seasons, hydropower is strong while winds are
weak, and in the dry season, hydropower is weak while
winds are strong.

Maintenance of turbines

The wind power sector faces challenges beyond just
intermittent wind sources. Maintenance of wind turbines
is a major issue for wind farms. Two main reasons con-
tribute to this problem. Firstly, there is a lack of skilled
maintenance experts in the Ethiopian power sector, lead-
ing to delays as foreign experts are often brought in to
address key faults. An example highlighting this chal-
lenge is the situation at the Ashegoda wind farm. The
Ethiopian government, represented by Ethiopian Electric
Power, entered into an agreement with the developer of
the wind farm. The agreement aimed to develop the wind
farm and manage its operations and maintenance post-
commissioning. Nonetheless, a dispute arose between
the parties after a few years of operation, prompting the
developer to abandon the wind farm. The Ashegoda wind
farm experienced significant disruptions due to the reli-
ance on foreign skilled workers for operation and mainte-
nance by the Ethiopian Electric Power. This dependency

highlights the broader issue of the country’s reliance on
foreign manpower across the wind energy sector. While
the other wind farms may not have the same contractual
agreements, they also rely on foreign skilled workers for
their operation and maintenance. This overall sector reli-
ance is a key factor contributing to increased downtime
of turbine units. In order to fully harness the vast wind
energy potential in Ethiopia, a skilled local workforce
is needed to regularly maintain and troubleshoot wind
turbines. Developing wind farms alone is not enough to
ensure uninterrupted power supply, so having trained
professionals is essential for reliable power generation in
the country (refer to Sect. "Focus on the capacity building
of human power"). Secondly, Ethiopia relies entirely on
imported technologies and spare parts. The wind indus-
try is facing delays in supply chain due to the challenge
of acquiring enough foreign currency to purchase these
spare parts. This is exacerbated by inadequate advance
planning and a scarcity of locally available spare parts.
The country must focus on developing local technologies
to tackle these challenges (refer to Sect. "Invest in wind
power R&D"). These challenges are causing a decrease
in power generation from the current wind farms, as
depicted in Fig. 10.

Expansion challenges of wind farms

High upfront cost

The high upfront costs associated with establishing wind
farms become another challenge to the expansion of
wind energy development as planned. The initial invest-
ment required for infrastructure development, including
the purchase and installation of wind turbines, transmis-
sion lines and substations is substantially high. This is
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Table 1 Summery of investment and capacity of wind farms in Ethiopia (EEP, 2022) (Chen, 2016)

No Name of wind farm Investment (USD) Capacity (MW) Inauguration
1 Ashegoda wind farm $290 million 120 2013
2 Adama | wind farm $117 million 51 2013
Adama Il wind farm $345 million 153 2015
3 Aysha | $257 million 120 Not started
Aysha ll 2022
Total $1.009 billion 404 MW

mainly because of the lack of local manufacturing capa-
bility making Ethiopia wholly dependent on imported
technologies (Gebreslassie, 2021). This cost may deter
potential investors and hinder the expansion of wind
power development in the country. Thus, the country
needs to diversify its financial resources to address this
challenge (refer to Sects. “Improve project funding” and
“Improve community engagement and environmental
considerations”). In addition, the existing transmission
infrastructure cannot handle new wind farms without
upgrades. Wind resources are typically in remote loca-
tions, which limits access to the national grid. This insuf-
ficient infrastructure makes it difficult to transport and
distribute wind power to high-demand areas. Expand-
ing and upgrading the transmission network is crucial to
effectively harness and distribute wind energy across the
country (refer to Sect. “Strengthen grid infrastructure”).

Lack of detailed wind resource map

The country relies heavily on satellite mapping for wind
resources due to inadequate detailed mapping. Wind
resource assessments are typically done at specific sites
only when necessary for wind power projects. This hin-
ders the growth and speed of wind power development,
as there are no easily accessible wind resources for inves-
tors to evaluate investing in the country. A key focus for
all stakeholders should be investing in a comprehensive
assessment and mapping of the wind resources (refer to
Sect. “Conduct comprehensive wind resource mapping”).

Economic consequences

Ethiopia has invested more than $1 billion in wind
power development, creating a total generation capac-
ity of 404 MW as indicated in Table 1. This investment
is expected to boost economic development by provid-
ing consistent power, diversifying energy resources, and
enhancing energy security.

In reality, there is a significant discrepancy between the
actual power generation from existing wind farms and
their expected capacity, as shown in Figs. 5, 7 and 9.

This is a significant economic setback for the coun-
try that invested huge money into the wind farm

developments, and it is already struggling to fulfil its
increasing energy needs. Additionally, it could have gen-
erated income from selling electricity to neighbouring
countries. All these economic related challenges make
wind farms less reliable and increases the time it takes
for them to pay off their investment. To maximize return
on investment in current and future wind power plants,
stakeholders must address the key challenges identified
in this research before investing in new developments to
avoid wasting a significant amount of investment.

Opportunities for wind power development
Ethiopia has great potential for wind power generation,
especially in the highlands and along the Rift Valley
where there are high and consistent winds. This untapped
resource can help the country to diversify its energy mix
and reduce dependence on a single energy source as it has
historically relied heavily on hydropower for its electric-
ity needs. Table 2 shows viable locations for wind power
development. These sites have an average wind speed of
5-10 m/s at 50 m Above Ground Level (AGL), suitable
for generating wind power (Jiangtao et al, 2012). Devel-
oping these opportunities would enhance the country’s
electricity capacity and sustainability, potentially improv-
ing economic growth within the country and through
power sales to neighbouring nations. Investing in diverse
sources of energy improves energy security and reduces
vulnerability to climate change impacts and hydrological
variations (Chen, 2016). Wind power can aid Ethiopia in
meeting its national renewable energy goals and decreas-
ing greenhouse gas emissions, aligning with global efforts
to transition to cleaner and more sustainable energy
systems (UN, 2030). Developing wind farms in Ethiopia
can create huge job opportunities, boost local econo-
mies, and encourage industrial growth (IRENA & World,
2022). This can also lead to create additional employment
opportunities in manufacturing, construction, and oper-
ation and maintenance sectors.

Wind power is also useful for remote and off-grid areas
that conventional energy sources cannot reach. Small-
scale wind power projects can enhance energy access and
reduce poverty in Ethiopia’s rural communities. However,
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Table 2 Potential wind development sites (Jiangtao et al, 2012)

No Name of site Capacity (MW) Area (km?) Domicile Altitude (m) Wind speed
50 m AGL
(m/s)
1 Nazret wind farm 300 254 Oromiya 1904 6
2 Mek'ele South wind farm 100 77 Tigray 2231 9
3 Sheno wind farm 100 56 Oromiya 2847 7
4 Ch'ach'a wind farm 100 56 Amhara 2786 8
5 Phase | wind farm in Iteya 100 66 Oromiya 2063 7
6 Sulalta wind farm 100 60 Oromiya 2955 7
7 Gondar West wind farm 50 49 Amhara 2474 7
8 Imdibir wind farm 50 47 SNNP 2191 5
9 Dire Dawa wind farm 50 40 Dire Dawa 1156 7
10 Dilla East wind farm 300 268 SNNP 2323 7
1 Mek'ele North wind farm 200 185 Tigray 2134 7
12 Debre Markos East wind farm 200 143 Amhara 2230 5
13 Soddo wind farm 200 160 SNNP 1841 5
14 Sendafa North wind farm 100 70 Oromiya 3065 8
15 Sendafa South wind farm 100 70 Oromiya 2500 8
16 Gondar North wind farm 100 65 Amhara 2940 7
17 Phase Il wind farm in Iteya 100 70 Oromiya 2017 7
18 Bu'i East wind farm 100 80 SNNP 2045 5
19 Aysha wind farm 100 60 Somali 726 9
20 Phase | wind farm in Bolo 100 60 Oromiya 2480 7
21 Diche Oto wind farm 50 100 Afar 556 7
22 Bahir Dar wind farm 50 80 Amhara 1975 5
23 Assela wind farm 50 71 Oromiya 1777 5
24 Jacho wind farm 600 330 SNNP 1481 5
25 Phase Il wind farm in Bolo 500 300 Oromiya 2655 7
26 Hula wind farm 300 220 Oromiya 2300 5
27 Dilla West wind farm 300 230 SNNP 1386 5
28 Dangla wind farm 200 170 Amhara 2404 5
29 Debre Markos West wind farm 200 150 Oromiya 2186 5
30 Ambo wind farm 200 130 Oromiya 2124 5
31 Babile wind farm 200 130 Oromiya 1587 6
32 Dabat wind farm 100 61 Amhara 2610 7
33 Phase | wind farm in Weldiya 100 43 Amhara 3508 8
34 Phase Il wind farm in Weldiya 100 40 Amhara 3450 8
35 Gondar East wind farm 100 76 Amhara 2563 7
36 Rufa'el wind farm 100 100 Amhara 2715 6
37 Debre Birhan wind farm 100 67 Amhara 3327 8
38 Bale wind farm 100 60 SNNP 1791 5
39 Harar West wind farm 100 90 Oromiya 1965 8
40 Harar Eest wind farm 100 75 Harar 1629 7
41 Jijiga wind farm 100 80 Somali 1919 8
42 Durame wind farm 100 65 SNNP 2478 6
43 Debre Sina wind farm 50 30 Amhara 3013 9
44 Bu'i West wind farm 50 40 SNNP 2602 7
45 Butajira wind farm 50 30 SNNP 3331 7
46 Fonka West wind farm 50 25 SNNP 2331 6
47 Fonka East wind farm 50 25 SNNP 2128 6
48 Yabelo wind farm 50 45 Oromiya 1635 10
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Table 2 (continued)

Page 13 of 16

No Name of site Capacity (MW) Area (km?) Domicile Altitude (m) Wind speed
50 m AGL
(m/s)

49 Mega East wind farm 50 30 Oromiya 1443 10

50 Mega West wind farm 50 30 Oromiya 1497 10

51 Wind energy and solar energy demon- 20 28 Oromiya 2995

stration base in Addis Ababa

these developments are currently limited despite their
potential for off-grid solutions to provide energy access
to remote areas. Ethiopia could have multitude of ben-
efits from wind power generation, such as utilizing plen-
tiful wind resources, expanding energy sources, fulfilling
renewable energy goals, generating employment, improv-
ing energy accessibility in distant regions, expanding
export possibilities, and promoting knowledge trans-
fer. These benefits can lead to sustainable development,
energy security, and enhance Ethiopia’s socio-economic
progress.

Policy recommendations

Ethiopia has made significant progress in develop-
ing the necessary and supportive policy and regulatory
frameworks for the wind power development. These
frameworks include the development of feed-in-tariffs,
power purchase agreements, renewable energy law, grid
interconnection, the need for social and environmental
assessment, and capacity building initiatives. In addi-
tion, the framework includes investment incentives that
include tax holidays, import duty exceptions for machin-
ery and equipment, and access to land for renewable
energy projects. However, in practice, implementation of
these supportive regulatory frameworks is flawed, and,
in some cases, they are not yet implemented. Such chal-
lenges are affecting the development of the wind power
sector. The regulatory framework should be transpar-
ent, stable, and uniform to promote consistency and
encourage the development of wind power both by the
government and the private sector. To address the key
challenges of sustaining electricity supply from the wind
farms and fully exploit Ethiopia’s wind power potential,
policymakers and stakeholders should consider the fol-
lowing key recommendations.

Focus on the capacity building of human power

Developing and managing a complex energy system
requires skilled personnel and robust institutions.
Strengthening technical expertise within the energy
sector and improving regulatory frameworks are essen-
tial for efficient and sustainable energy development.
Building local capacity through education and training

programs can help address the lack of skilled human
power and ensure the sustainable operation of wind
power generators. The country should have a human
power that have the skills and knowledge on resource
assessment, project planning and management, turbine
installation and maintenance, grid integration, and policy
and regulatory frameworks. These necessary capacities
can be achieved through technical training, hands on
experience for trainees on existing wind power plants,
fostering collaboration between national and interna-
tional training institutions and the wind power industry,
and establishing knowledge sharing platforms and con-
tinuous professional development. The knowledge shar-
ing platforms could be used to organize conferences,
seminars, workshops to bring wide range of expertise for
knowledge sharing experiences and best practice to sup-
port the human capacity development of the country.
These are considered effective way of knowledge transfer
as proved in other countries such as in Kenya that fosters
local learning and capacity building through experiences
from local wind power projects (Gregersen, 2022).

Improve project funding

Developing large-scale energy projects requires substan-
tial investment. There are several financing mechanisms
that have been effective to mobilize financial resources
for renewable energy development such as wind power
projects. However, these financial mechanisms require
conducive and effective policy supports. The public—pri-
vate partnership (PPPs) is considered effective in mobi-
lizing financing where the government can provide land
and permits while the private sector could mobilize
capital and expertise. Collaborating with international
financial institutions such as world bank, African devel-
opment bank, and international finance corporation,
renewable energy funds, green funds, carbon financ-
ing through the Clean Development Mechanism (CDM)
could support the wind power development but these
needs conducive working environment including security
guarantees. Developing competitive feed-in-tariffs is also
effective way of attracting the private sector to invest in
the wind power development as it gives long germ fixed
rate guaranteed payments for their investments. Local
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financial institutions could also have huge impact in
supporting the development of wind power projects. In
order for these financial mechanisms to be effective, the
government should provide guarantees or risk-sharing
mechanisms to reduced perceived risks associate with
the development of wind power projects. Developing
and implementing of financial de-risking are considered
effective in attracting the private sector and other finan-
cial institutions as indicated in studies Uganda (Wabu-
kala et al., 2021).

Conduct comprehensive wind resource mapping

Ethiopia’s wind resource potential estimations and maps
are mostly developed by project developers at specific
sites. However, developing a thorough wind resource
maps by conducting detailed assessments throughout
the country would increase the bargaining power of the
country during development negotiations and planning.
In addition, such maps will increase the confidence of the
sector to highlight prioritized areas with greatest poten-
tial for development priority and search for loan to suit-
able wind farms, as well as project planning.

Strengthen grid infrastructure

The transmission infrastructures in Ethiopia were com-
monly developed without considering future expansions,
but the integration of large-scale wind farms into the
grid system can affect the power quality (Mahela et al.,
2020). This is an indication that the power gird requires
extensive rebuilding, upgrading and development of new
infrastructures. Proper planning and development would
improve grid infrastructure to support upcoming wind
and other power integrations by upgrading transmis-
sion and distribution networks, implementing smart grid
technologies, and establishing a reliable grid manage-
ment system to enable smooth and dependable power
delivery from wind farms.

Invest in wind power R&D

Provide resources for wind power technology research
and development. This includes financing research insti-
tutions, working with global partners, and fostering
innovation in wind power generation, storage, and grid
integration. The authors home institution was pioneering
in pushing forward to show the importance of engage-
ment of local stakeholders, research and manufacturing,
in developing windfarm projects. As a result, the univer-
sity has supervised the development of Adama wind farm
II and showed the government how local capacities can
improve the delivery of projects, create remarkable local
capacity, save finance and show the possibilities of local
manufacturing by integrating research institutions, local
manufacturer and a foreign technology provider. Ethiopia
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is lagging behind in developing the wind power technol-
ogy manufacturing capability (Gebreslassie, 2021). The
government and the energy sector should put efforts to
encompass higher institutions and local industries to
develop the necessary capacities for development of the
wind power sector. Energy development generally boosts
local economy during development of projects by creat-
ing various job opportunities for skilled and non-skilled
workers. The job opportunity could expand by engaging
local manufactures by means of joint engagement with
foreign developers. This needs to be supported through
policies that prioritize the use of local labour, materials,
and services.

Improve community engagement and environmental
considerations

Enforce stringent environmental and social regulations
for wind power projects. Prioritize extensive assessments
of potential environmental and social impacts before
initiating projects and implement measures to lessen
negative effects on communities and ecosystems. Envi-
ronmental impact assessment and community engage-
ment in terms of financial support and decision-making
in the planning and operation of the power plants are
essential in the development of wind power projects
and their sustainability (Aitken, 2010; Hinshelwood,
2001; Hinshelwood & Tawe, 2000). It is crucial to assess
the potential environmental and social impacts of wind
farms and involve local communities in the decision-
making process (Gebreslassie, 2020; Yiridoe, 2014). This
helps address concerns related to land use, wildlife pro-
tection, and cultural heritage preservation.

Conclusions

Ethiopia could revolutionize its energy sector by utilizing
wind power as a dependable and sustainable electricity
source. However, tackling the challenges of intermittent
wind resources, expensive initial investments, limited
transmission infrastructure, skilled workforce require-
ments, and environmental concerns is crucial to fully
realizing the potential benefits of wind energy in Ethio-
pia. To overcome the challenges, all stakeholders should
implement the following recommendations: a) promote
policy frameworks that incentivize private sector invest-
ment in wind power through tax breaks, feed-in tariffs,
and simplified permitting processes; b) improve grid
infrastructure and invest in energy storage technologies
to manage the inconsistency of wind power; c) strengthen
research and development efforts to improve the under-
standing of wind resources and optimize wind turbine
technology suitable for Ethiopian conditions; d) encour-
age partnerships and collaborations with international
organizations and experienced wind power developers



Gebreslassie and Tesfay Sustainable Energy Research (2024) 11:43

to benefit from knowledge sharing and capacity building.
The goal of these policy recommendations is to facilitate
the growth of wind power in Ethiopia by creating a posi-
tive environment for investment, encouraging economic
expansion, and advancing the country’s shift toward sus-
tainable energy. By implementing such effective policies
and investments, Ethiopia can become a leader in wind
power generation for the region.
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