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Abstract 
Water has historically been used by humans for several purposes, such as 
power generation, domestic use, and irrigation. However, water management 
in the Nile Basin and, overall, in Africa faces social, technical, economic, po-
litical, and environmental challenges. Energy consumption levels are directly 
proportional to economic growth and development. The Nile Basin nations 
have an estimated 140,000 megawatts (MW) of hydropower potential, but a 
small fraction is exploited except for Egypt. Mainly, the Eastern Nile Basin 
has a vast resource for hydropower development. Nevertheless, currently, 
there is high political tension between the main riparian’s nations (Egypt, 
Sudan, and Ethiopia) on the allocation of Blue Nile water originating from 
Ethiopia. The purpose of this paper is to assess an overview of energy status 
and hydropower development potentials for meeting basic energy needs in 
the Eastern Nile Basin by using different integrative literature review which 
summarizes past and present research works, drawing overall conclusions, 
highlighting unresolved issues, and then provide directions for future re-
search. The finding shows that the Eastern Nile Basin energy sector is charac-
terized by heavy dependency on hydro-electricity in Ethiopia, fuel fossils in 
Egypt, and minimal overall energy supplies in Sudan. Currently, Egypt, Su-
dan, and Ethiopia have produced 2800 MW, 1591 MW, and 894 MW hydro- 
power from the Nile River and its tributaries respectively. In Sudan and 
Ethiopia, electrical connectivity remains very limited, resulting in a high 
overall dependent on biomass to meet basic energy needs. The Grand Ethio-
pian Renaissance Dam (GERD) designed to produce 6000 MW of hydropow-
er, however, would raise the existing supply of Ethiopian electricity by triple 
when completed. Besides, the energy power will be distributed to other East 
African nations to expand energy coverage. This review paper can be used as 
basic information for the Eastern Nile Basin government bodies, researchers, 
and different stakeholders. 

How to cite this paper: Diriba, H. and Li, 
F.T. (2021) Energy Sector Status and 
Hydropower Development in the Eastern 
Nile Basin. Open Access Library Journal, 8: 
e7338. 
https://doi.org/10.4236/oalib.1107338 
 
Received: March 22, 2021 
Accepted: April 4, 2021 
Published: April 7, 2021 
 
Copyright © 2021 by author(s) and Open 
Access Library Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

  
Open Access

https://doi.org/10.4236/oalib.1107338
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1107338
http://creativecommons.org/licenses/by/4.0/


H. Diriba, F. T. Li 
 

 

DOI: 10.4236/oalib.1107338 2 Open Access Library Journal 
 

Subject Areas 
Hydrology 
 

Keywords 
Eastern Nile, Hydropower, Existing Dams, Energy Sector, Key Policies 

 

1. Introduction 

The Eastern Nile Basin, which spans three main riparian nations and covers an 
area of about 1,738,000 km2, is the Nile’s largest sub-basin which includes Sudan, 
Egypt, and Ethiopia countries (Figure 1). The Blue Nile, White Nile, and the 
Main Nile are the basin’s three major rivers [1]. The basin has a large amount of 
hydropower development [2]. The region also has extensive potential for re-
newable energy, especially wind and solar energy. In Ethiopia, hydropower ca-
pacity is significant, however, inadequate in Sudan and Egypt [3]. The basin ri-
parian nations are currently working on several reservoir infrastructures to meet 
the region’s food and energy production needs [4]. Today, more than 45,000 
dams are installed on half of the world’s major river basin and can accommodate 
about 15% of the international yearly surface overflow. Hydropower at present 
accounts for almost 16% of worldwide electrical energy production and around 
70% of renewable electrical energy [5]. More than 3700 major dams with a pow-
er of as a minimum of one MW of hydropower are under a building or planned; 
these dams would help to the supply of electricity to a projected 840 million 
populations yet without access to electrical energy [6]. Dams in international 
river basins can, however, trigger conflict, as dams that control river flows in 
upstream nations can affect the water supplies in downstream nations [5]. 

For over 250 million people, the Upper Blue Nile Basin is taken as a lifeline 
and provides ~50 Gm3/year of water to the River Nile [7]. The main riparian na-
tions (Ethiopia, Egypt, and Sudan) energy sector is characterized by heavy de-
pendency on hydro-electricity in Ethiopia, fuel fossils in Egypt, and limited  
 

 
Figure 1. The eastern Nile Basin and the three countries where the 
river flows. 
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overall energy capacity in Sudan [8]. Simultaneously, in Sudan and Ethiopia, 
electrical connectivity remains very limited, resulting in a general high depen-
dency on biomass to meet basic energy needs [9]. Egypt’s natural gas reserves 
are beneficial for energy generation, but the planned substitution of petroleum 
products would lead to a rapid decrease in reserves [10]. In Ethiopia, generating 
electricity for the national grid is generally almost entirely dependent on hydro-
power. In both Ethiopia and Sudan’s urban and rural regions, there are major 
differences in the ratio of society who have access to electricity, with 42.9% and 
38.5% of the total connected populations, respectively, in 2016. Given the dis-
parities in energy sources and levels of access to electricity, trading in electricity 
may well be cost-effective and may also enhance regional cooperation in the sit-
uation of variability and climate change, which in particular affects the stability 
of hydropower generation [3]. This paper can be used as basic information to 
meet basic energy needs and to make decisions for the basin countries’ govern-
ments. 

2. Water Resource Management and Energy Development in  
the Nile Basin 

Africa has many rivers running through eastern, western, central, and southern 
regions which providing great hydropower development opportunities [11]. In 
the continent, especially in Sub-Saharan Africa, there is huge hydropower po-
tential that could be exploited. However, the water management system in Africa 
faces social, technical, economic, political, and environmental challenges to 
achieve sustainable water management. The hydropower resources in Sub-Saharan 
countries account for approximately 12% of the world’s hydropower potential. 
However, only 17.6% of these resources have been harnessed which is one of the 
world’s lowest figures [12]. The Nile Basin is politically full of tension, suspicion, 
mistrust, and diplomatic conflict between the North-Eastern African countries 
[13]. The basin was viewed as a source of conflict rather than cooperation for 
centuries [5]. 

Currently due to dramatic population increase and an immense rise in human 
activities, climatic change, and hydro-ecological degradation the demand for 
freshwater has increased which will aggravate regional tension over water in the 
world’s disputed basin [14]. Besides, the basin nations have a severe energy 
shortage to improve the region’s energy needs and Sustainable Development 
Goals [15]. The main energy challenges faced by the sub-region and Africa as a 
whole are low-level energy access, heavy dependence on biomass for energy, low 
per capita consumption, lack of resources management, and lack of energy in-
frastructure [16]. To achieve these goals, there should be effective governance of 
the resources with improved institutional performance within the region. More 
deliberative water governance is, thus, needed for informed transboundary water 
and energy utilization [12]. 

Given the increasing demand for clean, reliable, and affordable energy, the 
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role of hydropower is gaining importance, particularly as a means to reduce po-
verty and attain sustainable development [17]. Hydropower can be used not only 
to provide electricity access but can also effectively contribute to regional coop-
eration and development through the judicious and optimally allocating increa-
singly limited sources of energy. Besides, hydropower has a significant role to 
play in the solution of Africa’s energy security and addressing economic, social, 
and environmental issues [11]. The Nile water is enough for all if riparian states 
are managed and used sustainably in the future. 

3. The Eastern Nile Basin 

The Nile Basin has two major basins. These are the Eastern Nile Basin that in-
cludes the Blue Nile also called Abbay River in Ethiopia (59%), Sobat (Ba-
ro-Akobo) (14%), and Tekeze (Atbara) (13%) those totally 86% generating from 
Ethiopia, and the Equatorial Lake Basin (14%) from Central and Eastern Africa 
[18]. The Blue Nile contributes most water of the Nile River [10]. All of the Blue 
Nile’s tributaries originating from Ethiopia’s highlands [18]. Ethiopia and Sudan 
share a border. However, Ethiopia and Egypt don’t share a border, the Nile’s 
ecological relationship has for worse or better, connected the two states intri-
cately. The four months (June-September) of wet season precipitation in Ethi-
opia generates over 70% of the Blue Nile flow. The yearly average precipitation 
over the Blue Nile is 400 × 109 m3/year, 62.5% which falls from the plateau of 
Ethiopia [19]. The Blue Nile is characterized by extremely vigorous topography 
and large altitude variations. The basin’s total area is 311,437 km2, with Ethiopia 
accounting for 63% and Sudan for 37%. The basin’s altitude varies greatly, from 
over 4000 m in some tributary headwaters to 700 m at the plateau’s base. The 
highest mountain in Lake Tana is around 1800 m, and the river reaches Sudan at 
a height of 490 m at the national border, an elevation of around 1.5 m/km. This 
makes the Blue Nile its distinctive attribute of the massive potential energy op-
portunity in the Eastern Nile to growing hydropower [18]. At the time of writing 
this paper, there is no cooperation between Sudan, Ethiopia, and Egypt to use 
Blue Nile River. Egypt and Sudan instead of agreeing to use the resources with 
Ethiopia appeal to different international organizations. Future agreement on 
how to use the water in a win-win situation is a way forward in the region. 

4. The Eastern Nile Basin Energy Sector Status and Key  
Energy Policies  

4.1. Ethiopia 

Ethiopia enjoys multiple renewable resources and has 124 billion cubic meters 
(BCM) of river water, 30 BCM groundwater, and 70 BCM lake water resources 
[20]. The national supply of electricity in Ethiopia depends completely on hy-
dropower. Currently, the country has around 4500 MW of installed generation 
capacity. Approximately 90% of the installed generation capacity is from hydro-
power, while the remaining wind, diesel, and the shares of geothermal energy 
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were, 7.7%, 2.1%, and 0.2% respectively. The overall consumption of electricity 
was 6.7 Terawatt Hours (TWh) in 2014, up from 2.4 TWh in 2006 and 3.8 TWh 
in 2011 [21]. In Ethiopia, only 57% of households have access to as a minimum 
one power source (33.1% grid and 23.9% off-grid) [22], there was a major dif-
ference between rural and urban areas; the latter was connected to just around 
5% of the populations [23], although 87% of urban populations were connected, 
the industry remains a small user of electricity [8].  

About three-quarters of the Ethiopian rural population relies heavily on con-
ventional biomass for heating and cooking. As a consequence, biomass remains 
Ethiopia’s primary energy source, accounted for 91% of the consumed energy in 
2015 [3]. Around 7% of overall main energy is generated by petroleum, and 
electrical energy accounts for just 2% of total energy consumption [24]. Biomass 
use in the housing area accounts for more than 98% of the total supply [25]. 
Ethiopia has a lot of potential for renewable energy [26]. Hydropower has a 45 
Gigawatts (GW) potential, the wind has a 10 GW potential, and geothermal has 
a 5 GW potential. Fossil fuel reserves are also significant [27]. The natural gas 
reserve is around 4 trillion cubic feet, and the coal reserve is projected to be over 
300 million tons. While these local resources are not currently used for power 
generation, the government is interested to explore these resources soon [28]. 

4.2. Egypt 

Egypt is one of the driest nations in the world. The Nile provides more than 97% 
of Egypt’s clean water supply to its 100 million citizens. With over 4.5 billion 
barrels of oil reserves, Egypt is the world’s 25th most oil-producing nation [29]. 
However, the oil reserves of the country have decreased significantly, and by 
2030 it is expected that only around 1.5 billion barrels of oil will be left [3]. The 
country also has important natural gas reserves, which presently the dominant 
power generation in Egypt. While power generation has significantly increased 
in Egypt, growth has not been sufficient to meet the increasingly growing de-
mand for energy. Electrical energy production grew at a 5.8% annual rate from 
95 TWh in 2004 to 131 TWh in 2010 and 168 TWh in 2014 [30]. From 23.5 GW 
in 2009 to 32 GW in 2014, the capacity of installed power generation has in-
creased [3]. Electricity consumption on the national grid grew dramatically from 
64.3 TWh in 2001 to 147.5 TWh in 2014, a 6.5% annual increase [31]. The ad-
ministration has as well started initiatives to inspire renewable energy technolo-
gy for energy production. Due to decreased potential and stagnation at 2.8 GW, 
hydropower dimensions have not improved in current years [3]. 

4.3. Sudan 

Most of Sudan’s land is also either arid or semi-arid as opposed to that of the 
lands of Ethiopia. Sudan faces the dual problems of inadequate access to con-
temporary energy and heavy dependency on conventional sources of biomass to 
meet its increasingly rising demands for energy [3]. Charcoal and fuelwood ac-
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count for about 75% of the population’s energy needs, particularly in rural re-
gions [32]. As a consequence of the division of Sudan into two countries (Sudan 
and South Sudan) crude oil production decreased from 8380 kilotons in 2000 to 
6950 kilotons in 2015. In 2016, 39% of the societies were connected to the na-
tional grid. The rate of electricity access is 62% higher in urban areas, but about 
22% lesser in rural regions in 2016 (up from 18% in 2014) [3]. Power generation 
depends primarily on hydropower, which accounts for 75% of total output and 
has a capacity of 4176 MW. Hydropower and thermal power plants have a com-
bined installed capacity of 1591 MW and 1400 MW, correspondingly. The over-
all generation of electricity rose from 4125 Gigawatt hours (GWh) in 2005 to 
11,848 GWh in 2014. In 2014, Sudan imports approximately 4% of its electricity. 
Electricity feeding per person in 2014 was 140-kilowatt hours (kWh), far below 
the African average of 500 kWh [33]. Renewable energy can perform a substan-
tial role in increasing modern energy access in Sudan, improving energy securi-
ty, and contributing to global climate mitigation. The administration needs to 
incorporate renewable energy into the power system, with a goal of 20% by 2030 
[34]. 

4.4. The Eastern Nile Basin Key Energy Policies 

Egypt is among the largest energy producers and suppliers in Africa. It is one of 
the 3rd most populated countries on the African continent next to Nigeria and 
Ethiopia, which leads to its energy needs increasing. In more recent years, due to 
energy blackouts, the Egyptian government set a plan to diversify and invest 
more in the sector. The Ministry of Planning, Monitoring, and Administrative 
Reform published the “Sustainable Development Strategy: Egypt Vision 2030”, 
Egypt’s first participatory long-term strategy document [35]. Energy is ranked as 
the second critically significant foundation for sustainable development in 
Egypt’s Vision 2030 [36]. The vision report highlights the optimal use of domes-
tic energy sources in addition to the asset allocation of the total energy mix to 
include alternative energy sources for power generation, such as renewable 
energy. Egypt Vision 2030 and the Ministry of Electricity and Renewable Energy 
have established a minimum goal of generating 20% of overall electricity from 
renewable sources by 2020 [3]. Furthermore, Egypt’s Nationally Defined Com-
mitment (NDC) emphasizes Carbon dioxide emissions reduction in the energy 
sector along with the promotion of clean energy-generation technologies [37]. 

Ethiopia is the 2nd most populated country in Africa next to Nigeria which 
leads to its energy needs increasing. As mentioned above, Ethiopia’s power pro-
duction is currently heavily dependent on hydropower; plans to raise capacity to 
13.5 GW by 2040 will make Ethiopia Africa’s second-largest hydro producer. 
The Ethiopian government’s 15-year National Growth and Transformation Plan 
(GTP) targets to double the percentage of the population who has access to elec-
tricity [38], as well as improve large-scale hydropower initiatives to increase the 
supply of other energy sources [39]. To meet the expected rise in electricity de-
mand as a result of the country’s rapid economic development, the Ethiopia 
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Electric Power Corporation (EEPC) aims to incorporate alternative power plants 
interested in the energy sector, including wind, geothermal, solar, fuel-oil, and 
gas-based plants [40]. Additionally, the EEPC intends to export energy to neigh-
boring nations. Installed capacity achieved 4206 MW under GTP I (2010-2015) 
[38], while GTP II (2016-2020) aims to build 14,561 MW of generation projects, 
but not achieved [41]. Currently, the country has about 4500 MW of installed 
generation capacity. Ethiopia initiated the “Light to All” in November 2017, the 
National Electrification Program was initiated, to supply electricity to all Ethio-
pians by 2025 [3]. The Ethiopian NDC is focused on the Climate Resilient Green 
Economy Strategy, and in comparison to baseline levels, it aims to reduce GHG 
emissions by 64% by 2030 [38]. 

Sudan is challenged with numerous energy development problems, including 
high electricity subsidies and climate-related impacts on hydroelectric genera-
tion, which has been declining at a rate of about 4% annually. Sudan’s develop-
ment goal is to improve access to new and affordable energy. Sudan’s govern-
ment intends to incorporate clean energy technology into the energy sector, with 
a 20% renewable energy commitment by 2030 [36]. Utilizing Sudan’s renewable 
energy potential for making electricity accessible throughout the country; pro-
ducing competitive prices energy from renewable sources, and diversifying 
energy supply sources to guarantee energy protection are all key government 
strategies for power sector growth [3], help the national economy by transferring 
technologies and expertise, building power, and supporting the local renewable 
energy industry; and provide access to electric energy supply to rural areas far 
from national or decentralized grids, for which power grid is not a feasible op-
tion [42]. The three countries belong to the Eastern Africa Power Pool, which 
aims to secure energy supply, optimal use of energy resources, provide afforda-
ble electricity prices through grid interconnection, and develop a competitive 
electricity market in the basin [3]. Table 1 shows the summary of present and 
planned power plants and their capacity (GW) by country. 
 
Table 1. Summary of present and planned power plants and their capacity (GW) by 
country. 

Description 
Existing capacity (GW) Planned capacity (2015-2020) (GW) 

Egypt Ethiopia Sudan Egypt Ethiopia Sudan 

Combined cycle (dual fired) 11.33 - 0.36 9.2 - - 

Steam turbine (dual fired) 16.89 - 0.18 1.3 - - 

Diesel simple cycle 0.31 0.089 0.05 - - 0.656 
Heavy fuel oil steam turbine 0.09 - 0.81 - - 0.9 
Biomass based plant - - - - 0.136 - 
Hydro 2.8 4.5 1.585 - 0.639 0.42 
Concentrated solar power - - - 0.24 - - 
Wind 0.55 0.324 - 1.34 0.12 - 
Solar PV 0.14 - - 0.24 - - 
Geothermal - 0.007 - - - - 

Source: Alam Hossain Mondal (2020); Azer. T (2014); Rabah. A (2016). 
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5. Existing and Proposed Hydropower Projects in the  
Eastern Nile Basin 

As discussed above, water management in the Nile Basin and Africa in general 
faces environmental, social, technical, economic, and political challenges [43]. 
Power shortages are a factor in reducing growth and rising food shortages. The 
Nile Basin nations have an approximate hydropower capacity of 140,000 MW, 
but except for Egypt, a limited fraction is exploited. The Democratic Republic of 
Congo (DRC) alone is thought to have a 100,000 MW potential. Ethiopia has a 
hydropower potential of 45,000 MW. However, in terms of installed capacity, 
Egypt with the Aswan Dam leads with 2800 MW, followed by the DRC (2440 
MW), and Mozambique (not basin country) (2180 MW) [44]. Demand for water 
and power is growing in the basin nations as the population increases. Presently, 
the Eastern Nile hydro-system contains eight major hydraulic infrastructures in 
operation and some four proposed hydropower plants in Ethiopia [18], men-
tioned in Table 2 and Table 3. 
 

Table 2. Major eastern Nile basin dams for hydropower development. 

Description 
Aswan 

High Dam 
Merowe Jebel Aulia 

Aswan Old 
Dam 

Roseires 
Khasm  

el-Girba 
GERD Tekeze Dam 

Nile tributary Main Nile Main Nile White Nile Main Nile Blue Nile Atbara Blue Nile Tekeze 

Country Egypt Sudan Sudan Egypt Sudan Sudan Ethiopia Ethiopia 

Year of started 1960 2004 1933 1898 1961 1960 2011 1999 

Year of completed 1971 2009 1937 1902 1966 1964 77% (2020) 2009 

Total storage 163 BCM 12.1 BCM 3.3 BCM N.A. 5.5 b BCM 1.3 BCM 74 BCM 4 BCM 

Initial live storage 137 BCM 5.7 BCM 2.8 BCM 5.3 BCM 5.4 BCM 1.2 BCM 31 BCM 9.3 BCM 

Installed  
hydropower 

2100 MW 1250 MW 30 MW 592 MW 400 MW 10 MW 6000 MW 300 MW 

Source: Whittington; Waterbury (2014); Zedan (2014), and edited by authors. 

 
Table 3. Proposed hydropower plants (installed and target power in megawatts (MW) and tailwater in meters above sea level 
(m.a.s.l) in Ethiopia. 

Hydropower 
plant 

Hydropower (MW) 
Tail water level (m.a.s.l) 

Country  
(location) 

Remarks 
Installed capacity Target power 

Karadobi 1600 933 890 Ethiopia Understudy 

Bekoabo 1940 1329 800 Ethiopia Understudy 

Upper Mendia 1700 802 640 Ethiopia Understudy 

Bekoabo Low 935 514 603 Ethiopia Understudy 

Source: Asegdew G. Mulat (2018) and edited by authors. 

5.1. Ethiopia’s Existing and Proposed Major Hydropower Plants 

The first is the Chara Chara weir, which regulates Lake Tana outflows to the Tis 
Abbay power complex, which is 32 km downstream of Lake Tana [45]. Lake  
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Tana is a natural lake that regulates the flows of the Tana sub-basin [18]. Then, 
the Tana-Bales scheme (started operation in May 2010) consists of an artificial 
link between the Lake Tana and the Bales river to produce 460 MW hydroelec-
tric [45]. The building of Tana Bales hydropower is started in 2005 and was fi-
nished in May 2010, the project directly diverts water from Lake Tana and is 
presented in the models as such [18]. The other is the Tekeze Dam in Northern 
Ethiopia, which is a double-curved arch dam on the Tekeze River, a Nile tribu-
tary that flows downstream near Khartoum and joins the main Nile through the 
deepest canyons. The main goal of this reservoir’s operation is to generate 300 
MW of power generation [5]. The third is the GERD which is about 750 km 
North-West of Addis Ababa and 45 km from the Sudan border on the Blue Nile 
River in a place called Guba [46]. The construction was started in 2011, and 
when finished, currently (79% completed) the GERD will become Africa’s larg-
est hydropower plant and the 8th largest global hydropower plant [46]. The ulti-
mate location for the GERD was discovered during a Blue Nile investigation di-
rected from 1956 to 1964 by the U.S. Office of Reclamation [18]. This ambitious 
project is projected to generate over 6000 MW of electricity. It will make a lake 
with a volume of more than 74 BCM, with an approximate cost of almost $5 bil-
lion which is covered by the Ethiopian government [47]. Domestic and regional 
electrification is the primary aim of this dam and it is projected to boost access 
to electricity in East Africa through current and scheduled power connectors [5]. 
The cumulative energy generation in the Eastern Nile would grow due to GERD 
being in operation [1]. The scheme, however, is troubled by technological and 
financial issues, as well as resistance from its downstream nations [48]. Today, 
cooperation between the main riparian states (Egypt, Ethiopia, and Sudan) is 
becoming more serious than ever in resolving emerging conflicts over the con-
struction and filling of the GERD. The talks among three nations with the gov-
ernment of the U.S. and the World Bank as observers in Washington between 
November 2019 and February 2020 failed to reach an agreement. Further talks 
among three nations were held by the African Union in July 2020 to reach a final 
treaty underscored that “African issues must be given African solutions” [5]. 
When this article was written, no treaty has been reached, the discussion is 
sometimes on-again and off-again. The Ethiopian government has also a plan to 
build further hydropower plant to meet energy needs on the Nile River tributa-
ries (Table 3). However, the GERD situation is an example from which lessons 
can be learned in the politically sensitive and disputed river basins for future 
dam construction. 

5.2. Sudan’s Major Hydropower Plants 

The first is the Jebel Aulia Dam, 40 km upstream of Khartoum on the White Nile 
River, which was built in 1937 to hold water for well along utilizing in Egypt. 
The rapid siltation of this reservoir, as well as the construction of the High As-
wan Dam in Egypt in 1965, put an end to its operation of 30 MW [49]. The other 
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is the Roseires Dam that was constructed in 1966, with an initial capacity of 
3.024 × 109 m3 at 480 m level [18]. The key goal is to provide irrigation require-
ments as a priority and the second priority is the generation of 280 MW hydro-
power [48]. The Khashm El Girba Dam was built just downstream of the Tekeze 
River. The dam was built to produce hydropower of 10 MW [18]. The Merowe 
Dam was Sudan’s largest dam recently built to fulfill the primary objective of 
producing hydropower. The power generation goal is a capacity of 1250 MW. A 
regulation was used to achieve this procedure that requires a turbine’s discharge 
to achieve the energy generation target, accompanied by a flood prevention reg-
ulation which drops any water above a defined elevation [42]. 

5.3. Egypt’s Major Hydropower Plants 

The Aswan Old Dam, completed in 1902 and heightened in 1936, is the Nile 
River’s first dam [48]. The targeted power generation was a capacity of 592 MW. 
The other is the Aswan High Dam reservoir, which extends 500 km along the 
Nile River and occupies 6000 km2, two-thirds of which is in Egypt (recognized as 
Lake Nasser) and one-third in Sudan (known as Lake Nubia) [18]. The dam, 
which was built in 1971 and is located 7 km south of Aswan City, is 2325 m long, 
11 m high above the original riverbed, and 40 and 980 m wide at the crest and 
bottom, respectively [49]. The total reservoir capacity (162 × 109 m3) comprises 
of the dead storage of 31.6 × 109 m3 (147 meters above sea level (m.a.s.l.) of Lake 
water level), the effective reservoirs of 90.7 km3 (147 - 174 m.a.s.l), and the sto-
rage emergency for control of flood 41 × 109 m3 (175 - 182 m.a.s.l) [18]. There is 
rugged desert terrain surrounding the reservoir. To the West is the vast Sahara 
Desert, and to the East in the Eastern Desert, which extends to the Red Sea. By 
providing irrigation water, the Aswan High Dam made a major contribution to 
Egypt’s economic growth and approximately 2100 MW of hydroelectricity, as 
well as shielding the lower reaches of the Nile from coastal flooding [50]. Table 
4 compares the Nile River’s biggest dam with the world’s largest dam. 
 
Table 4. Comparison of GERD and AHD with other hydropower projects of global signi-
ficance. 

Description 
Three Gorges 

(China) 
Itaipu 

(Brazil) 
Nam Theun 

II (Laos) 
AHD 

(Egypt) 
GRD 

(Ethiopia) 

Dam height (m) 101 225 39 110 145 

Annual flow (BCM) 451 368 8 65 48 

Installed capacity (MW) 22,500 14,000 1070 2100 6000 

Total storage volume 
(BCM) 

39 29 7 163 74 

People displaced 1.2 million 35,000 5000 120,000 14,000 

Source: Dale Whittington (2014); Asegdew G. Mulat (2018). 

https://doi.org/10.4236/oalib.1107338


H. Diriba, F. T. Li 
 

 

DOI: 10.4236/oalib.1107338 11 Open Access Library Journal 
 

6. Conclusion 

This study aims to assess the existing status of the energy sector and hydropower 
production in the Eastern Nile Basin. Due to population increase and economic 
development energy use is growing rapidly in Eastern Nile Basin. Connection to 
sustainable sources of energy is important for economic growth and better living 
standards. The area of the Eastern Nile Basin has considerable renewable energy 
potential, especially wind and solar. Hydropower potential is huge in Ethiopia, 
but it is constrained in Sudan and Egypt. The extension of renewable energy 
sources including hydropower would help expand access to grid electricity while 
also promoting renewable energy protection, and climate change is reducing the 
instability of hydropower production. The Eastern Nile Basin energy sector is 
characterized by heavy dependency on hydro-electricity in Ethiopia, fuel fossils 
in Egypt, and minimal overall energy supplies in Sudan. Ethiopia’s and Sudan’s 
energy industry faces both the challenges of restricted modern energy services 
and a strong dependence on conventional biomass energy sources to meet their 
rising energy demands. In more recent years, due to energy blackouts, the basin 
governments set a plan to diversify and invest more in the energy sector. To in-
crease the energy sector in the Eastern Nile Basin cooperation on how to allocate 
the existing resource is the way forward. 
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