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A B S T R A C T   

In Somalia, access to electricity impedes economic growth and sustainable development. Despite having abun-
dant solar energy potential due to its location near the equator, the utilization of solar energy in Somalia is still 
limited due to unfamiliarity, lack of energy awareness, high initial costs, and lack of infrastructure. The Somali 
government has established the National Regulatory Authority and set a goal to increase energy access from 15 to 
45% by 2024 through the National Development Plan (NDP) 9th (2020–2024). This study aims to analyze and 
verify the utilization and potential of solar energy in Somalia to understand opportunities and challenges and 
identify suitable areas and technologies for development. This study explores Somalia’s energy pro昀椀le and the 
potential for harnessing solar energy. The installed photovoltaic capacity was found to be 41 MW and 
contributed 11.9% of the total electricity generation. A case study on a solar power microgrid system in 
Bacadweyene, Somalia, is also presented. The research provides valuable information on the status of the uti-
lization and potential of solar energy in Somalia and aligns with the NDP 9th. The results can serve as a scienti昀椀c 
framework for companies and researchers to seek feasible strategies for future investment in solar energy ap-
plications in Somalia.   

1. Introduction 

The current increase in urbanization, population growth, economic 
development, and technological advancement have proliferated the 
demands for global energy; these can be achieved through new power 
generation capacities. A report published by the International Energy 
Agency (IEA) and the World Bank exposes that the installed energy ca-
pacity may double over the next four decades to meet the projected 
electricity demands of developing countries [1–5]. Although conven-
tional fossil fuels are widely used, they are increasingly concerned about 
their signi昀椀cant environmental impacts, particularly in climate change 
issues. These concerns have been the primary factors in accelerating the 
transition towards green energy. Furthermore, the power generated 
from favorable renewable energy (RE) resources has gained signi昀椀cant 

attention as clean power produced from environmental-friendly energy 
resources. For example, solar and wind energy systems are clean energy 
sources and are quickly growing in the electricity markets. Therefore, 
clean energy sources are more suitable than traditional ones, such as 
fossil fuels, coal, and nuclear energy [6–9]. The global public and private 
sectors are actively seeking new strategies to meet the demands on clean 
energy in reducing greenhouse gas emissions and the energy costs used 
in their operations. Resultantly, the installation of renewable and sus-
tainable energy systems was prioritized [10–12]. Thus, solar energy 
remains the most promising alternative energy source as it offers various 
advantages over other alternatives [13]. Solar energy is naturally 
available as an environmental-friendly energy source produced from the 
sun, which can be utilized to generate power [14] directly. Moreover, 
solar energy causes no pollution, requires little maintenance, and the 
product technology has a long life expectancy of approximately 20–30 
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years [14,15]. Although solar applications were initially introduced for 
rural electri昀椀cation, telecommunication, and agriculture sectors, they 
are currently utilized in a wide range of applications, such as solar water 
heating, solar drying, and solar photovoltaics (PVs) [16–20]. Besides, 
solar power can meet 100% of the world’s primary energy requirements 
[21]. 

In many countries, including Somalia, excessive reliance on fossil 
fuels is a serious concern. Continually, the desire to get relatively cheap 
energy by mainly burning coal is stronger than the desire to maintain a 
good state of the environment [22–24]. The study aimed to assess the 
status of solar energy utilization in Somalia, one of the world’s least 
electri昀椀ed countries, facing challenges such as a lack of infrastructure 
and a chaotic political environment. The research showed that there had 
been an increase in the use of solar energy in recent years, with efforts 
being made to develop small and large-scale solar power systems. The 
昀椀ndings provide valuable information for future investment in solar 
energy in Somalia. However, the utilization and potential of solar energy 
in Somalia, including a lack of comprehensive and up-to-date data on 
solar radiation levels and energy potential, must be addressed to un-
derstand opportunities and challenges better and promote sustainable 
energy access and development. In addition, more comprehensive and 
detailed solar energy potential analyses are required to identify the most 
suitable areas and technologies for solar energy development in Soma-
lia. This study could support and inform the development of policies and 
investment strategies to promote the country’s energy sector’s growth 
[25,26]. 

Based on the extensive review conducted by the authors, no study 
has been performed on solar energy potential and utilization in Somalia. 
Therefore, this paper presents a brief energy pro昀椀le, utilization, and the 
status of the potential of solar energy in all Somalia regions. In addition, 
a case study on the PV systems in Bacadweyne, Somalia, was presented. 
Subsequently, the potential of the electricity generation in theoretical 
PV values and recorded PV generation yield at the Bacadweyne site were 
compared and analyzed. The PV installation’s performance ratio (PR) 
was determined by the difference between on-site energy generation 
(energy production) and expected energy yield. The expected energy 
yield was determined based on the type of module and environmental 
sensor measurements. The PV system performance was also assessed 

using PR values ranging from 0 to 1. In this study, the theoretical data in 
estimating the PR values of PVs were obtained using the Photovoltaic 
Geographical Information System (PVGIS) and Solargis software. 

2. Geographical and demographic conditions of Somalia 

Somalia is located in the eastern part of Africa and is bordered by the 
Indian Ocean, Kenya and Ethiopia, Djibouti, and the Gulf of Aden (see 
Fig. 1). It is partitioned into 18 regions with a total area of 637,540 km2. 
Moreover, it has a coastline of 3333 km, the longest in mainland Africa. 
The capital city, Mogadishu, is located just north of the equator in the 
Indian Ocean. According to the United Nations (UN) Population Divi-
sion, the Somali population was estimated at 16.6 million, with a growth 
rate of 2.92% in March 2022 [27–30]. 

Somalia experiences four seasons based on the north-south varia-
tions of the Intertropical Convergence Zone (ITCZ). The main rainy 
seasons are the two monsoon seasons, “Gu” from April to June and 
“Deyr” from October to December. The dry season, “Xagga,” is from July 
to September, and the winter season, “Jiilaal,” extends from December 
to March. The northern highlands receive an average of 500 mm of 
rainfall annually, while the coastline and Southwest receive 50–150 mm 
and 300–500 mm, respectively [27,31,32]. The climate in Somalia is 
characterized by high levels of temperature and humidity, ranging from 
70 to 85%. The average daily temperature is 27 ◦C with temperature 
昀氀uctuations between 20 and 35 ◦C (68–95 ◦F). The monthly solar ra-
diation in Somalia ranges from 518 to 8160 MJ/m2 [33,34]. 

2.1. Population distribution 

The population distribution was referred from the UN Population 
Division, UN Statistical Division, and other statistical publications from 
national statistical of昀椀ces. Based on the results, the Somali population 
increased from 15.01 to 16.84 million in the last 昀椀ve years (2018–2022). 
Fig. 2 depicts 80% of the population as youths, where females are almost 
50.14% of the population, and the remaining population is males [35, 
36]. Furthermore, the various age groups can impact the economy of the 
country. For instance, the younger generation’s lifestyle differs from 
those over 50. Nevertheless, the population growth for both age groups 

Nomenclature 

AC Alternating Current 
BECO Banadir Electric Company 
BTS Base Transceiver Station 
CO2 Carbon Dioxide 
CSP Concentrated Solar Power 
DG Diesel Generator 
DC Direct Current 
ERC Electricity Regulatory Commission 
ESPs Electricity Service Providers 
EC-JRC European Commission-Joint Research Centre 
FGS Federal Government of Somalia 
FMS Federal Member States 
GW Gigawatt 
GWh Gigawatt-hours 
GHI Global Horizontal Irradiation 
GTI Global Tilted Irradiation 
HSDGs High-Speed Diesel Generator Sets 
HECO Horn Electricity Company 
IEA International Energy Agency 
IPPs Independent Power Producers 
ILO International Labour Organization 
ITCZ Intertropical Convergence Zone 

kW Kilowatt 
kWh Kilowatt-hour 
MJ Megajoule 
MW Megawatt 
MWh Megawatt-hour 
M Metre 
MoEWR Minister of Energy and Water Resources 
MERRA-2 Modern Era Retrospective-Analysis for Research and 

Applications 
NASA National Aeronautics and Space Administration 
NDP National Development Plan 
NECSOM National Energy Corporation of Somalia 
NetEco Network Ecosystem 
PV Photovoltaic 
PVGIS Photovoltaic Geographical Information System 
RE Renewable Energy 
SPMP Somali Power Sector Master Plan 
SESNAIP Somalia Energy Sector Needs Assessment and Investment 

Programmes 
SOMINVEST Somalia Investment 
TW Trillion Watts 
UN USA United Nations United States of America 
USD United States Dollar  
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would still increase energy consumption. Fig. 3 reveals the population in 
Somalia by age group. 

3. Research methodology 

Globally, there is signi昀椀cant concern about pollution and energy 
demand. In order to achieve sustainable development, it is necessary to 
explore energy technology scenarios with low environmental impacts 
(local, regional, and worldwide) and reasonable resource allocation [5]. 

Somalia is known to be the most prosperous country with both con-
ventional and solar energy potentials among other African countries 
[26]. This research aims to analyze and verify Somalia’s utilization, 
energy pro昀椀le, and solar energy potential status. Based on the current 
situation throughout the provinces of Somalia, a comprehensive eco-
nomic perspective and social and environmental studies were conducted 
to highlight the potential of solar energy. Furthermore, the study would 
function as a roadmap to provide relevant information in promoting 
solar energy investments, attracting local and foreign investors, and 

Fig. 1. A map indicating the location of Somalia in the African continent with a small globe map representing the location of Somalia in the world. 
Source: https://www.nationsonline.org/oneworld/map/somalia-political-map.htm. 
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raising public awareness. In addition, a case study was performed on a 
microgrid system in Bacadweyne, Somalia, to verify the economic 
feasibility of RE investments. 

Moreover, this real case study was presented to demonstrate the 
technical viewpoint on the potential of solar energy. We used the 
problem-cause-solution technique to present our work and compensate 
for the lack of utilization analysis and the solar energy potential in So-
malia. The methodology employed for analyzing the utilization and 
solar energy potential assessment is illustrated in the following sys-
tematic 昀氀owchart shown in Fig. 4. In addition, the PV generation yield’s 
measured performance ratio (PR) in Bacadweyne, Somalia, was 
compared to the electricity generation of the theoretical PV values using 
PVGIS and Solargis software. This study collected information on the 
potential of solar energy from various sources. The data gathered are 
presented in paragraph form and table as shown in Table 1, which in-
cludes online scienti昀椀c databases (ScienceDirect®, IEEE Xplore™, and 
other databases), of昀椀cial reports from the Minister of Energy and Water 
Resources (MoEWR) and Ministry of Natural Resources, authorized 
websites of regional and local and global organizations, scienti昀椀c 
research works, and other agencies as tabulated in Table 1. 

4. Current energy overview and prospects in Somalia 

4.1. Primary energy production 

According to the existing data, the utilization of RE in Somalia was 
still lacking compared to conventional sources [39]. Somalia relies 
mainly on high-speed diesel generator sets for electricity generation, 
using 121,000 L of diesel daily. This is expected to increase to 694,000 L 
by 2024 due to rapid urbanization [39,40]. RE is a viable option for 
long-term energy development. Integrating large grid-connected solar 

PV generators into HSDG-based energy generation and distribution 
networks through synchronizing diesel and solar PV generation systems 
can be developed by Electricity Service Providers (ESPs). 

Table 2 compares Somalia’s primary energy production for elec-
tricity generation to Kenya, Africa, and other countries (2015–2019). 
Fossil fuels are the primary energy source in Africa (82.44%) and 
globally (70.04%). In Somalia, 87.8% of electricity is generated from 
fossil fuels, while Kenya generates only 32.5% [41–43]. Nonetheless, a 
signi昀椀cant percentage of electricity in Somalia was generated from fossil 
fuels compared to the rest of the world. 

4.2. Energy supply 

Somalia’s energy capacity is around 344 MW, mainly generated from 
imported diesel fuel. However, some ESPs have installed grid-connected 
solar PV systems. In Table 3, Energy supply and tariffs in the Federal 
Member States have seen a 36% yearly increase in the past six years. The 
Somali National Development Plan (NDP) Of昀椀ce reports that electricity 
generation, as shown in Fig. 5, is steadily rising, excluding electricity 
generated independently. The total installed capacity of RE is 41 MW for 
solar and 1 MW for wind. Most ESPs plan to increase their RE in-
vestments by the end of 2023, and as electricity demand rises, the 
generation capacity in ESPs also increases. Technical losses in the dis-
tribution network are being reduced from 40% to 20%, and electricity 
tariffs have dropped from ($1.5 to $0.79) per kWh since 2015. Never-
theless, the reduction was only observed in major cities near seaports 
like Mogadishu, Kismayo, Bosaso, and Berbera [39,46]. The energy 
demand is expected to increase as the private sector invests in buildings 
and other sectors like irrigation, cold storage, and small industries 
expand. 

4.3. Energy utilization and prospects for Somalia 

Somalia is undergoing political stabilization and reconstruction after 
years of con昀氀ict. Its economy is improving due to urbanization, popu-
lation growth, technological advancement, improved security, and the 
return of the diaspora. In 2015, the Somalia Energy Sector Needs 
Assessment and Investment Programmes (SESNAIP) was introduced to 
reduce Somalia’s overreliance on certain energy types and identify 
short-term assistance needs. The program aims to maintain, rehabilitate 
and develop energy infrastructure, meet current demand, and reduce 
unsatis昀椀ed demand for electricity and modern fuels. Objectives were 
examined from 2016 to 2018, and further assessments will be done to 
identify medium-term needs and investments from 2019 to 2025 to 
expand the generation capacity. 

Somalia is moving towards a mix of energy sources, including solar, 
wind, and natural gas, which are imported. 65% of Somalis live in rural 
areas and rely on agriculture and charcoal production for income, using 
traditional biomass fuels (昀椀rewood and charcoal) for 82% of energy 
[45]. The national electricity access rate is only 36.03%, leaving 9.88 
million people without adequate access [47]. According to the 8th 
(2017–2019) and 9th (2020–2024) National Development Plans (NDPs), 
the government aims to establish a National Regulatory Authority by 
2021 as per the 8th and 9th National Development Plans. SOMINVEST, 
the investment promotion of昀椀ce, was established to promote foreign 
direct and energy investments. The target is to increase energy access 
from 15% to 45% by 2024 [40,48]. 85% of Somaliland state urban 
households and industries are aimed to receive electricity by 2021, and 
25% of rural households and industries by the same year. The Somali 
NDP targets a 6% yearly increase in generating capacity, which was 
achieved with an increase from 115 to 344 MW (2015 to June 2021), 
while the current electri昀椀cation rate is 36% and a target for Somalia to 
increase up to 1043 MW (2022–2027) and expect electri昀椀cation rate will 
increase up to 75%. The Federal Ministry of Planning aims to deliver 
more than 200 MW of the state’s energy production by RE sources. The 
increase in power generated target for Somalia was depicted in Fig. 6, 

Fig. 2. The population in Somalia from 2018 to 2022 [35–37].  

Fig. 3. The Somali population by age group from 2018 to 2022 [36,38].  
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Fig. 4. Research framework outlining the fundamental steps of the methodology.  
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which signi昀椀ed an annual growth of 36% over the last six years and a 
target still enduring [39]. 

5. Potential of solar energy in Somalia 

REs in Somalia are promising due to their strategic geographical 
location, which can support the international effort for sustainable 
development in Somalia. Although Somalia still lacks energy infra-
structure, the current movement for alternative energy sources has 
gradually increased. Since developing a national grid is hardly feasible, 
integrating RE is the best short-term option for the national electri昀椀ca-
tion agenda. Moreover, the cost of RE technologies has declined while 
technology ef昀椀ciency has improved remarkably [49,50]. Somalia has 
abundant solar radiation and receives average solar energy insolation 
between 5 and 7 kW/m2 per day based on the horizontal surface. In 
some parts of Somalia, the average daily solar radiation is among the 
highest [51,52]. 

The solar energy distribution in Somalia is typically uniform, with an 
average rise of no more than 16% between zones with higher and lower 
insulation. Based on the solar energy distribution, the solar panel pro-
duced similar energy output regardless of the location or installation 
angle. The average sunshine duration varies from 2900 to 3100 h per 
year (8–8.5 h daily). Thus, the temperature is not signi昀椀cantly high, with 
a yearly average temperature of 27 ◦C, which is suitable for the 

operational lifespan of solar PVs [39,46]. All these factors make Somalia 
the most appropriate location for a wide range of solar technology ap-
plications, particularly PV applications (off-grid electri昀椀cation and 
grid-connected or Concentrated Solar Power (CSP) [53]. The simulation 
results using PVGIS revealed that the solar PV installation in Somalia 
produced two-fold the energy amount compared to PVs installed in 
Germany. Hence, RE, such as solar energy, can reduce electricity costs 
and the negative environmental impacts [54]. 

According to the energy statistics, Somalia can be the most pros-
perous country in Africa regarding RE adoption as it is primarily warm 
and dry throughout the year [55,56]. Moreover, the Somalia RE market 
has some of the highest prospects in Africa and global markets. There-
fore, the potential of RE sources like solar energy can mitigate the lack of 
electricity access and environmental concerns [57]. 

5.1. Radiation data for eighteen regions 

The irradiation data for eighteen regions in Somalia was collected 
from the National Aeronautics and Space Administration (NASA) and 
the Modern Era Retrospective Analysis for Research and Applications 
(MERRA-2). The global horizontal irradiation (GHI) of Somalia is pre-
sented in Fig. 7. Also, the selected areas’ geographical location is illus-
trated in Table 4. The site elevation above sea level was determined 
using an application based on a digital elevation model [58]. We ob-
tained the region name, elevation above sea level, and the period from 
2010 to 2020 for each region using data from NASA and MERRA-2. 
Furthermore, the data was also time-based at 15 min as an output 
determination. The average yearly irradiation for 11 years of Somalia 
was obtained in terms of maximum radiation in Bari and minimum ra-
diation in the Middle Juba region. Therefore, the data demonstrated that 
solar radiation is typically sound within Somali territory. 

5.2. Utilization of solar energy in Somalia 

The sun’s energy potential is unmatched as the amount of solar ra-
diation can meet the global electricity demand. Hence, the possibility of 
solar energy being exhausted in the future is insigni昀椀cant as it is sus-
tainable and renewable. Furthermore, solar energy is considered a non- 
polluting, reliable, and clean energy source [60–62]. 

The availability of solar energy potential in Somalia varies 

Table 1 
Summary of the various sources used to obtain information on the solar energy 
potential in this study.  
•EU Global Technical Assistance Facility on 
Sustainable Energy  

• International Renewable 
Energy Agency  

• National Energy Corporation of Somalia 
(NECSOM)  

• Somaliland Power (Sompower)  

• Renewables Global Status Report  • Hormuud Telecom Somalia Inc.  
• US Agency for International Development  • Statistical Review of World 

Energy  
• Ibrahim Index of African Governance  • World Bank Electricity Access  
• Banadir Electric Company (BECO)  • Horn Electricity Company 

(HECO)  

Table 2 
Summary of the primary energy production of Somalia, Kenya, and the rest of 
the world [42,44,45].  

Energy 
source 

Total 
electricity 
production in 
Somalia (%) 

Total 
electricity 
production in 
Kenya (%) 

Total 
electricity 
production in 
Africa (%) 

Total 
electricity 
production in 
the world (%) 

Fossil fuels 87.8 32.5 82.44 70.04 
Solar 11.9 1.0 0.99 4.35 
Wind 0.3 0.4 2.23 8.25 
Hydropower 0.0 33.9 11.92 7.71 
Nuclear 0.0 19.0 1.68 9.19 
Geothermal 0.0 13.2 0.73 0.47  

Table 3 
Summary of Somalia’s energy supply with generating capacity and tariffs (data 
collected from ministries and ESPs) [34,39].  

FMS Generating capacity (KVA) Tariff ($/kWh) 
Diesel (kW) RE (kW)  

Banadir Regional Administration 124,920 9500 0.36 
Somaliland 84,000 29,000 0.70 
Puntland 52,750 2500 1.00 
Southwest 17,800 0 0.70 
Hirshabelle 9600 1000 1.00 
Jubaland 8400 0 0.90 
Galmudug 4880 0 1.00 
Total 302,350 42,000 0.81  

Fig. 5. The types of electricity generation in Somalia [39,40].  
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signi昀椀cantly throughout the day, season, year, and even from one 
geographical location to another. Table 5 presents the status of Soma-
lia’s solar energy capacity established by ESPs. Solar energy was 
competitively pursued with conventional energy sources in Somalia. 
Moreover, solar energy signi昀椀cantly contributes to national power 
generation and reduces the environmental effect of fossil fuels. Most 
cities in the country have initiated the use of solar energy, which 
gradually increased based on the solar power generation capacities of 
ESPs in investment values and simultaneously reducing CO2 emissions 
[57]. The overall energy generation in Somalia was 344 MW, with solar 
energy contributing 41 MW (11.9%) of the total power generation in the 
country. In addition, the rest was from DGs and wind power at 302 MW 
(87.8%) and 1 MW (0.3%), respectively. The details are presented in 
Table 5 according to the solar power generation capacity [33,39]. 

Since 2015, the most signi昀椀cant investment in solar energy in So-
malia has been produced by leading ESPs. The companies, which include 
BECO, NESCOM, and Sompower, have invested in the solar system 
project in different capacities, with BECO producing the most signi昀椀cant 
investment in the Somali energy sector. Currently, BECO produces solar 
power (55 MW) from diesel engines, which were installed in 2016 (2.5 
MW) and 2020 (5 MW) in the southern region of Somalia. BECO suc-
cessfully decreased the tariff from $1.2 to 0.46 per kWh. Furthermore, 
BECO plans 25 MW of solar-diesel hybrid power plants to be installed at 
Jabad Gele and 100 MW of hybrid energy systems, including solar- 
diesel-battery, by 2022 and 2023, respectively. Alternatively, Som-
power produced 38 MW of diesel engines and built solar power plants 
with an installed capacity of 20 MW in 2020. Sompower also success-
fully reduced the tariff from $0.79 to 0.57 per kWh in Hargeisa. Other 
ESPs like Mogadishu Power Supply installed 2 MW and planned to in-
crease the output to 10 MW in the coming years, and Blue-sky Energy 
plans to install 4 MW. Overall, the combined capacity of Mogadishu 
Power Supply and Blue-sky Energy was 30 MW and 18 MW of diesel 
engines, respectively. 

Although many solar projects have been implemented in Somalia, 
the cost of electricity remains high. This could be due to various factors, 

including limited infrastructure, high operational costs, limited demand, 
political instability, and low economies of scale. When planning and 
implementing solar projects in Somalia, it is essential to consider these 
factors and their potential impact on the project’s success. 

To ensure the success of a solar energy project from an economic 
point of view, it is essential to evaluate its 昀椀nancial viability and reli-
ability beforehand. A techno-economic analysis should be conducted to 
compare the project’s cost and pro昀椀tability. Hybrid systems combining 
renewable energy sources, diesel generators, and battery energy storage 
can stabilize off-grid and grid-connected systems and provide a contin-
uous power supply to the local loads. However, the feasibility of such 
systems varies by location and must be assessed individually. During the 
analysis, it is also vital to calculate surplus power in solar energy pro-
jects to avoid over-budget, power loss and ensure system consistency. 
This analysis can be complex due to the various energy generation 
systems involved. The optimal capacity of energy facilities is in昀氀uenced 
by factors such as the level of solar energy usage, electric demand, 
levelized cost of energy (LCOE), return on investment (ROI), payback 
period, and capacity factor, which are dif昀椀cult to predict with certainty 
beforehand. To prevent excessive energy consumption, the design ca-
pacity should be determined together with operational planning, which 
relies on projections of future demand and anticipated energy 
production. 

6. Challenges and prospects of solar technology in Somalia 

RE sources and technologies have the potential to solve energy- 
related issues. Hence, solar energy can be a signi昀椀cant aspect of the 
community strategy to add new electricity generation capacity and in-
crease energy security while addressing environmental concerns 
[63–68]. Solar energy is one of the most outstanding solutions for ful-
昀椀lling future energy demands. In addition, solar energy exceeds various 
RE sources in terms of accessibility, economic viability, capacity, and 
ef昀椀ciency [69,70]. The global solar power installed was measured in a 
total of 1.25 TW, with 760 GW of solar PV, 6 GW of CSP, and 500 GW of 

Fig. 6. Target for Somalia electri昀椀cation rate from 2015 to 2027 [26,39].  
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Fig. 7. Diagram indicating the potential of solar energy based on the map of Somalia [51,59].  
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solar thermal power. Thus, the power equates to an annual energy 
generation of approximately 0.24 TWyr or 0.08% of the solar potential 
that can be reasonably exploited yearly [71]. 

In Somalia, there has been substantial progress in solar capacity 
installation in recent years. For example, ESPs have employed 27 MW of 
PV systems in 2021 and beyond, and this represents a notable increase 
compared to previous years. Implementing the systems depicted how 
Somali ESPs have gradually shifted to clean energy by improving energy 
ef昀椀ciency and optimizing investment costs. Based on the current 
installed energy capacity in Somalia, solar energy contributes approxi-
mately 11.9% of total power generation in the country and is expected to 
increase in the upcoming years. 

The ESPs and the MoEWR have also planned to increase electricity 
generation through solar energy, which can bene昀椀t the infrastructures in 
the energy sector and the environment. The BECO is Somalia’s most 
prominent electricity provider, mainly covering Mogadishu (80%), the 
airport (100%), and Halane zone, Hirshabele, Jubaland, and Southwest. 
Additionally, BECO announced a large-scale solar power plant of 25 MW 
last December upon completing two other projects on solar power plants 
in Daarusalaam City and Jabad Gele, as indicated in Fig. 8(a) and (b). 
Therefore, the achievement demonstrated that the objectives of BECO in 
reducing electricity tariffs, carbon footprint, and protecting the envi-
ronment were enduring as planned. Initially, the leading electricity 
supplier in Somalia aimed to reduce the risks of importing fossil fuels for 
electricity production, and thus, the electricity supplier shifted to RE, 
particularly solar energy [72,73]. 

RE utilization is known to be a free and clean energy source that 
reduces CO2 emissions [71,74,75]. Recent efforts are being promoted 
and accelerated in conjunction with the country’s National Renewable 
Energy Action Plan and National Energy Ef昀椀ciency Action Plan. Both 
plans are committed to developing a sustainable and conducive invest-
ment environment for the energy sector in Somalia. Hence, the objective 
is achieved through solar energy technology capacity building to 
improve power generation and distribution ef昀椀ciency [76–78]. 

6.1. Sustainability of the energy sector and 昀椀nancing challenges in 
Somalia 

Somalia’s energy sector has suffered for nearly two decades owing to 
extensive insecurity, the removal of governmental resources and con-
trol, and inadequate investments. Nevertheless, the 昀椀nancial challenges 

Table 4 
Summary of the solar radiation data obtained for 18 Somalia regions (2010–2020).  

Order Location Latitude (◦) Longitude (◦) Elevation (m) Radiation (kWh/ m2) Duration (year) 
1 Awal 10.6334 43.3295 775.55 6.07 2010–2020 
2 Bakool 4.3657 44.0960 489.87 6.05 2010–2020 
3 Banadir 2.1187 45.3369 17.14 6.02 2010–2020 
4 Bari 10.1204 49.6911 532.00 6.67 2010–2020 
5 Bay 2.4825 43.4837 212.40 5.76 2010–2020 
6 Galgaduud 5.1850 46.8253 172.69 6.23 2010–2020 
7 Gedo 3.5039 42.2362 219.46 5.93 2010–2020 
8 Middle Shabelle 2.9250 45.9040 131.25 6.02 2010–2020 
9 Middle Juba 1.5623 42.6667 87.16 5.62 2010–2020 
10 Nugal 8.2173 49.2031 346.97 6.60 2010–2020 
11 Togdheer 9.4461 45.2994 1170.76 6.66 2010–2020 
12 Mudug 6.5657 47.7638 251.74 6.39 2010–2020 
13 Hiran 4.3210 45.2994 290.09 6.10 2010–2020 
14 Lower Shabelle 1.8766 44.2479 73.29 6.20 2010–2020 
15 Lower Juba 2.0780 41.6012 179.15 5.68 2010–2020 
16 Sanag 10.3938 47.7638 1442.68 6.62 2010–2020 
17 Sool 8.7222 47.7638 645.30 6.54 2010–2020 
18 Woqooyi Galbeed 9.5424 44.0960 1147.21 6.65 2010–2020  

Table 5 
A summary of Somalia’s solar power generation capacity from 2016 to 2020 [34, 
39].  

Order State Name Company Name Installed 
(MW) 

Total 
Capacity 
(MW) 

1 Banadir Regional 
Administration 

BECO 7.5 9.5 
Mogadishu 
Power Supply 

2 

2 Somaliland HECO 6 29 
SEPCO 1 
Sompower 22 

3 Puntland NESCOM 1.5 1.5 
4 Hirshabelle Dayah Electricity 

Company 
1 1 

Total 41  

Fig. 8. The solar power plants in (a) Daarusalaam city and (b) Jabad Gele.  
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hinder potential energy growth while the ability to 昀椀nance is limited. On 
the other hand, ESPs are interested in shifting to REs for economic and 
environmental reasons, although lacking a functioning banking sector 
creates challenging RE funding requirements [79–81]. Furthermore, the 
Somali government can extend energy availability through RE in 
achieving various development, security, economic, and climatic ob-
jectives. Two Turkish corporations handling the port and airport of 
Mogadishu are taking their 昀椀rst tentative steps after the law enactment 
by the Federal Government of Somalia (FGS) on private foreign in-
vestments [39]. Many neighboring countries of Somalia do not impose 
tariffs on imported RE products and offer additional incentives to RE 
companies. Meanwhile, RE products in Somalia are heavily taxed as they 
are classi昀椀ed among luxury items, such as cell phones and televisions 
[39,82,83]. According to the current updates on investments and the 
enabling environments in the energy sector, the signi昀椀cant concerns and 
bottlenecks observed are as follows [33,84].  

• The energy sector is concerned about limited regulations and 
oversights.  

• The monopoly in distribution control still exists in some areas.  
• There is a critical shortage of quali昀椀ed personnel in the energy 

sector.  
• Due to inadequate infrastructures and 昀椀nancial collection, there are 

signi昀椀cant losses in electricity generation and distribution (up to 
15–40%).  

• The existing insecurity and political instability issues. 

6.2. Regulation and energy policy frameworks 

Somalia generated the highest electricity tariffs globally compared to 
the United States of America (USA), China, Malaysia, and Algeria [46, 
72,73,85–89]. Most of the power is generated by the local Independent 
Power Producers (IPPs), with businesses and residences paying up to 
$0.30 to 1.00/kWh [26]. Somalia’s citizens rely on charcoal and wood, 
which decimates the forest stock. The Somali government has under-
taken several initial steps to produce favorable environmental-friendly 
policies and regulations. The Somali Power Master Plan (SPMP) out-
lines a strategy to increase energy production in RE sources and fossil 
fuels. The strategy permits an increase in energy access from 15% to 
45% of the population by 2024, or a 6% annual rise, to cut energy prices. 

The non-implementation of policies to improve market ef昀椀ciency, 
generation, and reliability in Somalia is complex and cannot be attrib-
uted to a single factor. Factors such as lack of political will, insuf昀椀cient 
funding, stakeholder resistance, technical dif昀椀culties, inadequate 
enforcement mechanisms, and dif昀椀culties coordinating with existing 
laws could all contribute to the issue. Understanding the root cause is 
essential for effective resolution. The legal framework favors promoting 
renewable energy and the construction of related infrastructure, 
encouraging stakeholders to provide affordable and ef昀椀cient renewable 
energy, reducing investment risks, and promoting ef昀椀ciency [34,40,90]. 
Somalia’s regulations and policies aim to improve electricity tariffs and 
promote sustainable development. The framework includes regulations, 
energy policies, decrees, and ministerial directives to achieve these 
policies.  

• A sector development plan (SPMP) must be made and approved to 
de昀椀ne the basic building blocks for a modern energy sector in 
Somalia.  

• The Council approved the FGS Electricity Bill and Energy Policy of 
Ministers in December 2020.  

• The Electricity Bill is expected to be approved by parliament and 
enacted by the mid of 2023.  

• The Somali Cabinet approved the National Environmental Policy on 
February 13, 2020.  

• The Cabinet passed the National Environment Management Bill of 
2020 to strengthen environmental legal frameworks on November 
26, 2020.  

• The National Climate Change Policy 2020, Draft National Charcoal 
Policy, Draft National Forest Management Policy, and Draft Ozone 
Layer Protection Regulation are being drafted. 

6.3. Overreliance on biomass and diesel 

Somalia’s reliance on biomass and diesel energy sources is due to a 
lack of infrastructure and access to other forms of energy. This leads to 
environmental degradation and harm to the country’s economic growth 
and quality of life. Most energy service providers use diesel generators; 
however, solar PV systems are gaining popularity in certain regions 
[91–93]. Investments in renewable energy are necessary to improve 
sustainability and the reliability of power supply with suitable tariffs. 

6.4. The lack of quali昀椀ed personnel 

The development of RE-based power technologies in Somalia faces 
challenges due to a lack of technical expertise and harsh security con-
ditions, limiting access to high-quality technical assistance [94]. The 
International Labour Organization (ILO) and the Ministry of Energy and 
Water Resources report that a shortage of funds is a signi昀椀cant obstacle. 
Training must be accompanied by 昀椀nancial assistance to ensure imple-
mentation and address the energy gap in quali昀椀ed personnel [95]. The 
energy sector has the smallest number of quali昀椀ed personnel, particu-
larly in primary industries, where 41% of workers are employed, fol-
lowed by professionals (5%), skilled agriculture, forestry, and 昀椀sheries 
workers (10%), and craft and related industry workers (9%) [96,97]. 
This study presents the following recommendations to address the 
shortage of technical expertise in the RE sector and promote its expan-
sion, reducing energy prices and driving economic growth.  

• Establishing vocational schools and enhancing existing secondary 
schools is recommended to address the shortage of quali昀椀ed 
personnel, particularly in the technology sector, in the country.  

• The government of Somalia should develop a strategy to improve the 
soft skills of young graduates and address the shortage of quali昀椀ed 
personnel.  

• The Minister of Higher Education should prioritize the needs of 
technical schools and hold annual workshops to motivate and sup-
port young graduates.  

• The government should encourage private sector involvement and 
foreign investment by creating supportive policies and regulations. 

7. Case study of the microgrid system in bacadweyne, Somalia 

Bacadweyne is a town in Somalia’s North-Central Mudug region, 
known for small-scale farming and businesses. It is home to several 
schools administered by the Galmudug State. The town is located at 
5.330◦ North latitude and 47.900◦ East longitude and receives an 
average monthly solar irradiation of 51–807 MJ/m2 or 5 to 7 kW h/m2 
per day [98]. The annual average solar irradiation in Bacadweyne is 
shown in Fig. 9. In this study, the PVGIS and Solargis software was used. 
The European Commission (EC-JRC) developed the web-based PVGIS to 
estimate PV performance [99]. The system is updated regularly and uses 
solar irradiance measurements from 2005 to 2016 to estimate solar 
irradiation [100]. The Bacadweyne site’s system type and technical 
speci昀椀cations are outlined in Table 6. 

In July 2020, Hormuud Telecom Somalia Inc. Installed a microgrid 
system at the Bacadweyne site. The microgrid includes a storage system 
(1600 A h lithium battery), power conversion system (recti昀椀er), DG, 
main supply, and 6 kWp monocrystalline PV panels [101]. These com-
ponents were connected to form a microgrid system to meet the DC load 
needs of the Bacadweyne town’s base transceiver station (BTS). The 
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measured minimum and maximum loads were 2.8 and 3 kW, respec-
tively. The ground-based, 昀椀xed-mounted PV panels faced south (azi-
muth of 180◦) with a tilt angle of 13◦, and no tracker was used. The solar 
irradiation and temperature data were monitored every 5 min using 
Huawei’s network ecosystem (NetEco), which provides energy and 
environmental management to reduce energy consumption and emis-
sions [102]. The performance of the Bacadweyne PV system was eval-
uated based on its contribution to the load and its impact on the 
company’s cost optimization and CO2 emissions. Hormuud Telecom is 
the largest telecommunication company and private employer in So-
malia, with over 30,000 employees. 

7.1. The PV energy yield assessment study 

Solar PV systems vary in power generation based on location and 
weather, so it’s crucial to have proper monitoring equipment to measure 
installed capacity [103]. Energy output is a critical performance metric 
for PV systems, providing insight into their overall performance [104]. 
The annual average yield (kWh or kWp per year) is the ratio of yearly 
energy generated by the PV system to its total installed capacity [105]. 
Hormuud Telecom aims to reduce tariffs and emissions by connecting all 
current and future microgrid systems, particularly solar PV de-
velopments, to the grid, to increase PV installation at all sites [102]. 

7.2. Comparison study between the estimated and measured results of 
solar irradiation 

A study was conducted at the Bacadweyne site comparing the esti-
mated and measured results of the microgrid system for 2021 using 
PVGIS and Solaris software. Performance factors and component losses 
were obtained from Huawei’s PV system design guidelines and 
measured, including PV system performance, module mismatch, 
shading, inverter losses, dirt, and cabling losses. The results revealed 
12% measured losses and 21% estimated losses for monocrystalline PV 
systems. Fig. 10 compares the estimated and measured losses based on 

average monthly global horizontal irradiation (GHI) at the Bacadweyne 
site, showing a similar trend each month with a maximum in March and 
a minimum in July. 

7.3. Comparison of the theoretical PV electricity potential and PV 
generation yield 

A study compared the estimated and measured results of a 6 kWp 
ground-mounted 昀椀xed-PV system in Bacadweyne, Somalia, disregarding 
long-term aging and degradation. Fig. 11(a)–(b) show the global tilted 
irradiation (GTI), air temperature, and total PV power output for the 
site. The Solargis method was used to obtain data and estimate the 
yearly average GTI, air temperature, speci昀椀c PV power output, and total 
PV power output as 2266.4 kW h/m2, 27.3 ◦C, 1709.6 kW h/kWp, and 
10,257.6 kW h, respectively. The site’s recorded yearly average GTI, air 
temperature, speci昀椀c PV power output, and total PV power output were 
2179.05 kW h/m2, 27.03 ◦C, 1542.4 kW h/kWp, and 9247.72 kW h, 
respectively. The PR of the PV system was calculated using Equation (1), 

Fig. 9. Schematic representation of the microgrid system.  

Table 6 
Summary of the system type and the components in Bacadweyne.  

Site Name Centre State System Type No. Of Solar Panels Solar (KWp) DG (kW) Battery Capacity (Ah) Max DC Load (kW) 
Bacadweyne Mudug Galmudug BTS 30 6 10 1600 3  

Fig. 10. The estimated and measured average monthly global horizontal solar 
irradiation at the Bacadweyne site. 
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estimating the theoretical PV electricity potential and generation yield 
in Bacadweyne, Somalia [105,106].  

Fig. 12 shows the comparison of monthly electricity generation from 
PVGIS-Solargis techniques and actual recorded data at the Bacadweyne 
site. The highest error of 8% was seen in June due to summer rains in 
2021. The estimated total PV generation of 10,257.6 kW h and recorded 
data of 9247.72 kW h resulted in yearly PRs of 75.4% and 70.8%, 
respectively. In 2021, the Bacadweyne site consumed 22 million kWh, 
with PV systems contributing 45% of the total. This highlights the sig-
ni昀椀cance of PV systems in cost optimization and environmental pro-
tection. The PVGIS-Solargis database can be used to estimate PV energy 
yield for various locations in Somalia, demonstrating the potential of 
solar energy in the region. 

8. Discussion of key 昀椀ndings 

Based on the current energy pro昀椀le in Somalia, The largest share of 
electricity was produced from fossil fuels (87.8%), while 12.2% was 
generated from RE. Since 2015, the Federal Ministry of Planning has 
increased its generating capacity from 115 to 344 MW. Solar energy 
contributed 11.9% to electricity generation, with an installed capacity 
that reached 344 MW in 2021. Additionally, the detailed results in 
Table 2 show that RE installed capacity in Somalia were still low 
compared to conventional due to a lack of investment, legislative 
framework, and limited technical capability. 

The average sunshine duration in Somalia ranges from 2900 to 3100 
h per year, averaging 8–8.5 h per day. The surrounding temperature, 
with a yearly average of 27 ◦C, is suitable for the operational life of PV 
systems. Additionally, the data reported for the monthly solar radiation 
in Somalia was approximately 518–8160 MJ/m2, which signi昀椀es the 
solar energy potential. The recent progress in REs, particularly in solar 
energy, has led to a better understanding of the potential for investing in 
REs and is expected to increase in the coming years. The increase in RE 
sources and fossil fuels in 2019 and 2021 has further contributed to this 
understanding. The objectives of increasing access to electricity from 15 
to 45% of the population by 2024 and reducing energy tariffs are 
achievable and will continue to be pursued. 

The results of a case study conducted using the PVGIS tool revealed a 
high potential for solar energy utilization in Somalia. The solar PV 
system installed in the country was found to produce twice the energy 
compared to Germany. The recorded data on the Bacadweyne site 
showed that the estimated PV electricity generation was 10,257.6 kW h, 
while the recorded data was 9247.72 kW h, with an annual performance 
ratio of 75.4% and 70.8%, respectively. In 2021, the Bacadweyne site 
utilized 22 million kWh, with the PV system supplying 45% of the total 
electricity generation. This highlights the widespread use of PV systems 
and the positive impact on cost optimization and environmental pro-
tection. Hormuud Telecom has reduced its carbon footprint by utilizing 
solar energy for two-thirds of its technology masts. The widespread use 
of solar technology has led to cost optimization and a reduction in diesel 
costs, demonstrating the advancements in solar technology in the 
country and its potential to eliminate dependence on diesel generators in 
households, industries, and the commercial sector. 

The performance of PV panels in Somalia is determined mainly by 
the country’s climate, particularly the frequent dust storms. Dust accu-
mulation on the surface of the panels negatively impacts their ef昀椀ciency 
by reducing their ability to absorb sunlight and thus decreasing energy 

Fig. 11. The (a) GTI and air temperature and (b) total PV power output.  

Fig. 12. The estimated monthly electricity generation and recorded PV gen-
eration in the Bacadweyne site. 
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production. Furthermore, high temperatures can cause the operating 
temperature of the panels to rise, leading to further decreased ef昀椀ciency 
and reduced energy production. The combined effects of dust and heat 
can also shorten the panels’ lifespan, increasing maintenance costs and 
reducing their overall economic viability. On the other hand, mitigation 
measures such as regular cleaning, proper shading, and protective 
coatings can help reduce the impact of dust and heat on the performance 
of photovoltaic (PV) panels in Somalia. In addition, the best time to 
clean solar panels is typically early or late in the evening, when the 
panels are more excellent, and the sun is not shining directly on them. 
This minimizes the risk of damage to the panels and ensures that the 
cleaning solution has enough time to dry completely before the sun rises 
or sets. It is also advisable to clean solar panels after signi昀椀cant dust or 
sand storms or when there is an accumulation of dirt and grime on the 
panels that affect their performance. 

9. Conclusions and future research recommendations 

This study analyzed the utilization and potential of solar energy in 
Somalia, including a PV panel performance case study. The 昀椀ndings 
show that Somalia has strong potential for solar energy due to its loca-
tion & ability to develop large-scale power. Solar is ideal for future 
energy generation with constant sunshine, low noise, cheap mainte-
nance, environmentally friendly factors, and contributions to lower 
carbon emissions & zero fuel sources. However, the performance of PV 
panels is limited due to the technical challenges posed by dust and heat 
in Somalia’s typical climate and the need for mitigation measures, such 
as regular cleaning and protective coatings, to improve performance. 
The study also highlighted the importance of investing in high-quality 
panels and incorporating shading and cooling measures. The study 
highlights the need for continued research and investment in sustainable 
energy planning to support the transition to more sustainable energy in 
the future. 

Additionally, a comprehensive approach is needed to address the 
challenges of training specialists in renewable energy in Somalia, 
including a desires assessment, supportive learning culture, and re-
sources such as textbooks, equipment, and information. Specialists 
should stay up-to-date with new technologies, which will help support 
the sector’s growth and realize the potential of solar energy. Further-
more, some recommendations are provided by investors, industries, and 
legislative policies as follows.  

• Regular cleaning, shading, and protective coatings reduce dust and 
heat impact, promote best cleaning practices, and maintain panels.  

• Invest in high-quality panels that can withstand Somalia’s harsh 
conditions. 

• Implement shading and cooling measures to reduce operating tem-
perature and improve performance. 
Based on legislative policies to improve solar energy utilization 
should also be established, including:  

• Somalia needs to improve its infrastructure and technical capabilities 
of sustainable energy organizations.  

• Regulatory authorities and legislative frameworks are required to 
improve energy ef昀椀ciency, power generation, and supply systems.  

• FGS are advised to encourage private investment for medium to long- 
term sustainable developments.  

• FGS, member states, and private sectors are recognized to establish a 
national plan for decentralizing the energy sector, which reduces 
losses and increases energy ef昀椀ciency.  

• Specialized training programs should be created to train personnel 
for solar energy equipment maintenance. 
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