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ABSTRACT

This study overviews the status of the power supply; implications of the inadequate power supply; and the significance of hydropower in the 
socioeconomic wellbeing of Sub-Saharan Africa (SSA). This study noted that despite the large presence of energy potentials across the entire region, 
the power supply is grossly inadequate. Currently, the world’s highest population without access to electricity live in SSA and the number, which was 
585 million in 2009 is expected to increase to 645 million in 2030. The supply of clean, affordable and adequate power in the region is compounded 
by the global energy trends, described as energy trilemma by the world energy council. These attributes are anchored in three pillars - energy 
equity, energy security and environmental sustainability. This article sees hydropower technology, which has been revolutionised over the years into 
different categories, as a vital modern energy source for clean power generation. The hydropower technologies discussed are large hydropower, small 
hydropower (SHP) and pumped storage hydropower. Hydropower provides clean, relatively cheap electricity, reliable and sustainable power supply. 
The study identifies SHP as a system that satisfies the modern energy attributes of low CO2 emissions and environmentally friendly scheme, suitable 
for standalone and rural electrification.

Keywords: Hydropower, Small Hydropower, Renewable Energy, Power, Electricity, Sub-Saharan Africa 
JEL Classifications: Q2, Q4, Q5, Q420

1. INTRODUCTION

In 2000, the World Bank reported that 70% of the 1.6 billion 
people that gained access to electricity between 1990 and 
2000 were in urban areas. Its 2010 report has it that 1.2 billion 
people lack access to electricity, with 173 million of them in 
urban areas because of the increase in urban population. In 
2018, Renewable Energy Policy Network for the 21st century 
(REN21) reported that about 14% of the world’s population, 
which is estimated to be 1.06 billion people, have no access to 
electricity (REN21, 2018). Developing Asia and sub-Saharan 
African (SSA) regions have over 95% of the population without 
electricity and with approximately 84% of the people without 
electricity access being rural areas dwellers (International 
Energy Agency [IEA], 2017). Although the population without 

access to electricity shows a downward trend in these reports, 
many people with access to electricity suffer from the poor 
quality supply.

Many developing countries are witnessing rapid economic growth 
alongside urbanisation with an on going energy access scheme 
implemented, to meet these developmental trends. In the last 
20 years, Asia countries, especially Bangladesh, China, India and 
Indonesia, recorded huge achievements in providing hundreds 
of millions of people with modern energy in the form of electricity. 
However, the story is different in SSA, a region that accommodates 
the world’s highest number of people without access to electricity, 
as shown in Figure 1a. One question begging for an answer is 
what the region has been doing in electrification, considering 
Europe’s 100% electrification since 1990, as shown in Figure 1. 
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IEA observed that since 2000 the urban-rural electrification ratio 
in SSA is 2–1 (IEA, 2017).

This article provides information and analysis of the power 
situation in SSA and how its present status affects the economy 
and health of the people. This study focuses on hydropower 
systems as one of the sources of RE that satisfies the modern 
energy attributes that are largely untapped in SSA. Despite the 
gross inadequate power supply in SSA, only 8% of the available 
exploitable hydropower potential that has been tapped (Codi, 
2015). The study will correlate power availability, poverty, CO2 
emissions and the role of hydropower in meeting the global energy 
need trends in SSA.

2. METHODOLOGY

The study is based on quantitative information and data obtained 
from text books, verified websites, government documents, 
published research articles, thesis, news media, local and 
international organisations’ reports and outlooks on energy 
transition and sustainability. The international organisations 
include World Bank, International Renewable Energy Agency 
(IRENA), United Nations (UN), IEA, REN21 and world energy 
council (WEC). The focus is on the socioeconomic consequences 
of high-carbon energy use, power inadequacy in SSA and the 
role power technology schemes play to bridge the inadequacy. 
Hydropower will be examined in terms of availability and its usable 
prospect in the provision of electricity and the socioeconomic gains 
that come with it.

3. SSA POWER SUPPLY AND ITS 
IMPLICATION IN ECONOMY

3.1. Access to Electricity in SSA
One third of the world’s population which covers 50 poorest 
nations lack access to electricity while 2.1 billion are short of 
safely managed water services (Gronewold, 2009; International 
Hydropower Association [IHA], 2018b; Lindeman, 2015). Sadly, 
about 33 of the countries are in SSA (Gregson, 2017). There have 
been concerted efforts at both domestic and international levels 
to increase the accessibility to electricity tremendously. These 
efforts have not yielded the expected results as SSA and South 
Asia regions still have relatively high percentages of the population 
without power supply. It was reported that the population without 

access to electricity in the rural areas of SSA would increase from 
585 million in 2009 to 645 million in 2030 (IEA, 2011). The 
insufficient electricity supply observed in the developing countries 
is worse in rural areas (Mohammed et al., 2014; Trotter, 2016), 
as shown in Figure 2.

Globally, the amount of electricity consumed by a country is 
correlated with the strength of her economy. The more electricity 
consumed, the richer the country and by applying this to SSA, 
suggests a poor and deindustrialised economy. This implies that 
SSA has little share in the world’s manufacturing and heavy 
industries, which consumes most of the electricity. This in turn 
keeps SSA’s electricity demand the lowest and consequently, the 
poorest region in the world. According to Burton, the 10 poorest 
countries are in SSA and also, 22 countries out of the 25 poorest 
countries in the world are in SSA (Burton, 2017a). The level of 
electricity access in % of the population in SSA according to World 
Bank, is shown in Figure 3 (World Bank, 2018a).

3.2. Increase in Biomass Business in SSA
Energy poverty and the consequences of unemployment in SSA, 
make businesses on natural resources, such as firewood supply and 
lumbering massive, as shown in Figure 4. The value of firewood 
business in the region is worth about 11 billion USD (Schenk, 
2016). The massive exploitation of firewood in SSA - results in 
the rise of socioeconomic, environmental and health challenges 
in the region. These businesses have exposed the region to an 
unimaginable challenge, such as - extensive deforestation, land 
degradation and distorting the general ecosystem; diseases and 
deaths resulting from indoor air pollution; and immense labour 
for children and women in sourcing firewood (Figure 4d), and 
this affects their physical health, productivity and development.

3.3. The use of High Carbon Energy
The consequences that come with the inadequate and low-quality 
power supply are unemployment, health issues, insecurity, poor 
research, low investments, and slow industrialisation. More than 
2.8 billion people (41% of households) depend on coal and biomass 
for heating and cooking globally (Amegah and Jaakkola, 2016). 
Typically, in developing countries, liquid and solid fuels, such 
as firewood and kerosene, are burnt in an inefficient traditional 
open fire and cook stoves with poor ventilation. Sources of 
household indoor air pollution, are shown in Figure 5. This has 
health consequences on the students who use kerosene lamps 
for studying, women who are responsible for cooking, and their 

Figure 1: Regional population in % (a) without access to electricity (International Energy Agency, 2017); (b) with access to electricity access to 
electricity (World Bank, 2018a).
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young children who stay around them (Agrawal and Yamamoto, 
2015; Amegah and Jaakkola, 2016; Das et al., 2017). They are 
exposed to high levels of air pollutants, such as carbon monoxide 
(CO) and particulate matter (PM) emitted to the air (Amegah and 
Jaakkola, 2016).

A study reported that women living in households where solid fuels 
are used are two times higher of having preeclampsia/eclampsia 
symptoms than those living in households where cleaner fuels are 
used (Agrawal and Yamamoto, 2015). An estimated 3.5 million 
premature deaths due to household air pollution worldwide were 
reported in 2010. The world’s death caused by outdoor pollution 
was 370,000 deaths and 9.9 million disability-adjusted life years 

globally in 2010 (Chafe et al., 2014). In about 25 countries, mostly 
in SSA, over 90% of households depend on charcoal, wood, and 
solid waste for cooking. This releases noxious fumes that are 
connected to about 2.8 million premature deaths annually (IEA, 
2017). Figure 6 shows 2012 largest populations in SSA that are 
cooking with traditional biomass.

3.4. The Region’s Electrification Projections
IEA stated that an investment of over $30 billion will be required 
to achieve universal electricity in SSA by 2030. A substantial part 
of this fund will go to rural areas electrification where about 85% 
of the population lack access to electricity (IEA, 2017). There 
seems to be no light at the end of the tunnel for electricity access 
in the near future in SSA considering IEA 2017 energy access 
outlook projection (IEA, 2017). The projection shows that about 
600 million people in the region will have no access to electricity 
in 2030, as shown in Figure 7.

The electrification rate in SSA is expected to progress in 
percentage but the total number of households without access 
will increase due to the rapid population growth of the region. 
By 2030, the population without electricity will have increased 
from the present 588 million to 602 million and this will account 
for 36% of total population (IEA, 2017; Urpelainen, 2017). The 
type of rural electrification is expected to change and about 50% 

Figure 2: Population with access to electricity in percentage 
(Mohammed et al., 2014)

Figure 3: Access to electricity in Sub-Saharan Africa (% of the population) (World Bank, 2018a)

Figure 4: Businesses on natural resources in Sub-Saharan Africa
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of the new connections will be to the grid while the remaining 
half will be mini-grids and micro-grids. This is expected to 
improve power generated distribution and ease the connection of 
sparsely populated areas that are intricate to connect to the grid 
(Urpelainen, 2017). In another report (Castellano et al., 2015), by 
2040 the power consumption in the region is expected to increase 
by four times the power consumed by the region in 2010. This 
projection is based on certain dynamics, such as an increase in 
gross domestic product (GDP), the rise in urbanisation, and a 
doubling of population. It’s obvious that by 2030, the status of 
power supply in the region is not going to change much and the 
negative impact will still be felt. This calls for an appraisal of the 
ongoing interventions and sustainability development initiatives 
towards the provision of clean, adequate and affordable energy.

3.5. Economic Implication of Inadequate Power 
Supply
The main supports of SSA economy are agriculture, mining and 
oil. However, the region cannot provide sufficient power; and 
unemployment and poverty are ravaging the region. The trade 
in the region though stable is not favourable because imports 
far exceed export and this creates an economic imbalance. The 
region’s economy is faced with trade, debt, aid, and numerous 
other challenges. Abundant usable energy, such as electricity 

is the heart of a thriving economy and has a direct correlation 
to development indexes like poverty level, GDP, gross national 
income (GNI) and debt status. The aftermath effects of inadequate 
access to electricity are abject poverty, underdevelopment, slow 
urbanisation and industrialisation. The power supply circumstance 
in SSA is mainly responsible for the poor development indexes 
shown in Figures 8 and 9. The power supply curve and the indexes 
show the same trend. Extreme poverty has fallen, the daily living 
of about 70% of the developing world of $2 in 1981 has dropped 
to over 36% in 2011 (Kiersz, 2015). Although the world’s poverty 
has witnessed drastic reduction averagely since 1981, as shown in 
Figure 8, SSA has a lot to do to bring poverty level to an acceptable 
level. The region’s GNI per capita, and gross domestic per capita 
(GDP) are relatively low as observed in Figure 9a and b.

Literally, inadequate power supply promotes poverty, increases 
debt and limits GDP and GNI. The dynamics of government debt 
in SSA are weak and attract a rapid increase in private sector debt. 
The region’s domestic banks private credit in 2016 was 29% of 
GDP (Kambou, 2018). According to FocusEconomics, 5 of the 
10 world’s poorest countries are in SSA (Figure 10) and 14 of the 
50 world’s poorest countries are in the region (FocusEconomics, 
2018). The rapid increase of debt in the private sector across the 
region indicates the likelihood of contingent liabilities for the 

Figure 5: Sources of household indoor air pollution

Figure 6: Largest populations in Sub-Saharan Africa that are cooking with traditional biomass (Morrissey, 2017)
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public sector. The World Bank reported that 27 of 31 low income 
countries are in the region. SSA witnessed a decline in investment 
growth from about 8% in 2014 to 0.6% in 2015 (World Bank, 
2017).

One could conclude that the region’s economy is in shambles 
and needs an urgent response on a number of fronts. The status 

of socioeconomic development in the region reflects the level 
of electricity deficit and this correlation is presented in Table 1. 
It is observed that poorest countries have the lowest electricity 
access while the richest countries have 100% access. Developed 
countries have high electrification rates and high GDP per capita 
while developing countries is otherwise, as presented in Table 1. 
Hence, it is logical to say that a rise in energy access indicates 

Figure 7: Electrification projections in developing regions in 2030 (International Energy Agency, 2017)

Figure 8: Poverty headcount ratio at $1.90 a day (2011 purchasing power parity) (% of the population) (World Bank, 2018d)

Figure 9: (a) Gross national income per capita, Atlas method (current US$); (b) gross domestic per capita (GDP) (current US$) 
(World Bank, 2018e)

a b
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improvements in people’s wellbeing, economic opportunities, 
education, healthcare, and life expectancy. This invariably 
enhances national productivity, which is a panacea for economic 
development.

3.6. High Energy per Unit Output Production
Currently, SSA has the world’s highest energy intensity 
(Figure 11a), that is, the ratio between the energy supplied in 
the region and GDP measured at purchasing power parity (PPP) 
(World Bank, 2018c). It is an indicator that shows the energy used 
per unit output production. This reflects the region’s energy use 
pattern that does not transform into economic growth. The pattern 
is characterised by the energy that is expensive, imported, and 
environmentally unsustainable, and the sources of energy include 
coal, oil, natural gas, and wood products (biomass). Figure 11a 
shows that energy used to produce one unit of output in SSA is 
the highest in the world. Also, Figure 11b shows that Somalia has 
the highest energy intensity in the region.

3.7. Uphill Task for the Region
The total electricity generation capacity of Africa, without South 
Africa, is 28 Gigawatts and this is equivalent to Argentina’s 

generation. The population with access to electricity in SSA is 
only 24%, which means the region is starving for energy, yet the 
region’s population growth is rapid. Apart from the population, 
the quest to satisfy modern energy attributes further compounds 
the provision of power in the region. To meet modern energy 
attributes, the supplied power must be cleaned, adequate, 
affordable and sustainable. The WEC coined these requirements 
as energy trilemma with these three components - energy 
security, energy equity, and environmental sustainability (Gent 
and Tomei, 2017; Harvey, 2014; Heffron et al., 2015). Again, 
urbanisation is expected to spread to all regions of the world 
by 2050 with urbanisation in Asia and Africa being swifter than 
other regions. This rise will come with sustainable development 
challenges, as more energy will be required to support the growth. 
In the contemporary world, urbanisation should be based on a 
sustainable energy system that is affordable, secure and promotes 
CO2 emission reduction in accordance with SDGs (Nganga, 2016; 
UN, 2015). This implies the reduction or eradication of the use 
of fossil fuel, which is the main source of CO2. The conventional 
pathways of boosting power supply, which is the utilisation of 
fossil fuels are increasingly becoming obsolete and unsustainable 
on a daily basis.

Figure 10: The world’s poorest countries (FocusEconomics, 2018)

Table 1: Poorest and richest countries and their electricity access (% population)
Rank Poorest countries 

in the world 
(FocusEconomics, 
2018)

GDP 
$/capita/year

Countries 
with the least 
electricity 
in the world 
(Wee, 2017)

Population 
with access to 
electricity (%)

Richest countries 
in the world 
(Burton, 2017b)

GDP Per 
Capita

Population 
with access to 
electricity (%) 
(World Bank, 

2018a)
1 Central African Republic 652 South Sudan 5.1 Qatar 124,927 100.0
2 Congo DC 773 Chad 6.4 Luxembourg 109,192 100.0
3 Burundi 814 Burundi 6.5 Singapore 90,531 100.0
4 Liberia 855 Liberia 9.8 Brunei Darussalam 76,743 100.0
5 Niger 1,107 Malawi 9.8 Ireland 72,632 100.0
6 Malawi 1,134 Central African 

Republic 
10.8 Norway 70,590 100.0

7 Mozambique 1,215 Burkina Faso 13.1 Kuwait 69,669 100.0
8 Guinea 1,265 Sierra Leone 14.2 United Arab 

Emirates
68,245 100.0

9 Eritrea 1,410 Niger 14.4 Switzerland 61,360 100.0
10 Madagascar 1,505 Tanzania 15.3 San Marino 60,359 100.0
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4. SSA ENERGY POTENTIAL AND THE 
ASSOCIATED CHALLENGES

SSA is endowed with both fossil and renewable energy resources. 
These energy sources that are dispersed across the region have the 
capacity of generating a total power of 11,000 gigawatts (GW) 
(Morrissey, 2017), which is sufficient to meet the future energy 
needs of the region. Table 2 presents the different energy resources 
and their estimated capacity generation and the distribution of the 
potentials as shown in Figure 12.

SSA is rich in energy resources and very poor in energy supply 
seems contradictory, but this is the exact situation. The region is rich 
in natural resources that are not sufficiently developed into usable 
energy and this has left the rapidly growing economy unstable. The 
present SSA power capacity is about 147 GW (Davis).

4.1. Fossil Fuels and the Deployment of Renewable 
Energy in SSA
Although, fossil fuels, such as oil, coal, and natural gas, are highly 
effective economic growth drivers, they come with human health 
and environmental consequences. Subsequently, climate change, 
global warming, and greenhouse gas (GHG) are linked to fossil fuels 
usage. However, these known consequences have not completely 
deterred a man from the use of fossil fuels. Large volumes of fossil-
based energy are still being consumed daily because energy is a 
fundamental need for human existence and for industrialisation. In 
2016, it was reported that the annual global growth rates of oil, gas 
and coal consumptions per day were 1.6%, 1.5%, −1.7%, respectively 
and with 0.1% CO2 rise from energy generation (BP, 2017). In 2014, 
IEA reported that grid-based electricity generation capacity in SSA 
increased from about 68 GW in 2000 to 90 GW in 2012, with South 
Africa accounting for almost half of this total (IEA, 2014). The 
estimated fossil-based energy sources for electricity generation in the 
region is 76% while the RE, which is mainly hydropower account for 
about 22%, Figure 13a. The end-use sector electricity consumption 
in Africa sub-region in 2012 is shown in Figure 13b.

The grid-based power capacity of 90 GW in the region is grossly 
inadequate and this has coerced industries, residence and service 
providers to depend on back-up generators for the deficit, as 
shown in Figure 14. In 2012, about 16 TWh was estimated as the 
amount of electricity demand provided by back-up generators is 
the region (IEA, 2014). Nigeria accounts for about three-quarter 
of the power supply served by back-up generators in the region.

4.2. CO2 Emissions in SSA
Although SSA contributes 14% of the of the world’s population, 
the region only accounts for 7.1% of the world’s GHG emissions. 
At present, some countries in Africa emit insignificant amounts 
of CO2, this is largely due to the current level of industrialisation 
in the region. However, since 1960 CO2 emissions have been 
in the rise and this trend is expected continue due to increasing 
industrialisation, urbanisation and population growth. The trend 
of CO2 emissions in the region since 1960 is shown in Figure 15.

Ironically, experience has shown that rise in CO2 reduces abject 
poverty; it was observed that increase in CO2 led to the reduction of 
extreme poverty in Asia and other regions of the world, as shown 
in Figure 16. The CO2 emissions of SSA in 2011 are less than 1981 
emission by 17% and this increased the extreme poverty by 98%. The 
reverse is the case in Asia, as the CO2 emission increased by 189% 
and decreased extreme poverty by 85% in 2011 (Goldstein, 2015). 
Figure 8 shows CO2 emissions in the different regions and their effects 
on poverty. There is a vast difference between the profile of sources of 
GHG in SSA and the Globe. Globally, transport, energy, and industry 
sectors and waste account for about 75% of total GHG emissions, 
while agriculture, forestry and land utilisation (AFOLU) account for 
25%. In the case of SSA, AFOLU contributes more than 80% of the 
emissions, waste 1-4% of total anthropogenic (Johnson et al., 2017).

4.3. Should SSA Continue to Increase the Deployment 
of Fossil Energy to Reduce Poverty?
The region should avoid compromising the future in the quest to 
meet the present need. The need to increase electricity access by 
deploying RE to reduce the amount of fossil fuel used is unarguably 

Figure 11: (a) Energy intensity level of primary energy (MJ/$2011 purchasing power parity [PPP] gross domestic product [GDP]), acros world’s 
regions, 1990–2015 (World Bank, 2018c); Energy intensity level of primary energy (MJ/$2011 PPP GDP) across Africa

Figure 12: Sub-Saharan African energy potential (Castellano et al., 2015)
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the right way to go. This will stimulate the region’s socioeconomic 
development in accordance with UN-SDGs position on energy. 
To achieve this herculean task, alternative energy means must be 
available to provide adequate, reliable and affordable energy with 
low or without GHG emissions. Renewable energy is expected to 
play a vital role in this regard and in the future energy mix of SSA. 
It has projected that by 2040, about 25% of the region’s energy 
generation is expected from RE - hydro, geothermal, solar and 
wind. The region’s exploitable capacity of hydropower and other 
RE and the countries where the potentials are hugely located are 
presented in Table 3.

Alternative energy sources in SSA to replace or supplement 
fossil fuels are geothermal, tidal, solar, biofuels, hydro, nuclear 
and wind. Currently, the prices of renewable energies are 
relatively economical as they are currently competing with that 
of conventional fossil fuels technologies. Low-cost electricity 
generation is crucial to every economy; therefore, advancing 
alternative power sources in this regard should be a collective 
responsibility. Low energy cost will increase employment, 
income in all sectors, and the purchasing power of the consumer. 
This benefit coupled with environmental friendliness, off-grid 
and centralised grid electricity supply applications in locations 
with good potentials make renewable energy the best option for 
developing economies. Both developed and developing countries 
can capitalise on these benefits to provide reliable, affordable 
and adequate energy to reduce GHG emissions, improve energy 
security, reduce energy price volatility, and promote economic 
development. Subsequently, renewable energy, which has been 
playing a supplementary role to the conventional power, is 
increasingly being considered as the main source of power.

5. HYDROPOWER SYSTEM

Hydroelectric technology is a flexible and versatile technology that 
provides renewable electricity on the national grid and/or off grid 
schemes. At its minimum capacity it can supply a single home and 
at its maximum capacity it can supply the public and industry clean 
power. In summary, the key trends and growths in hydropower as 

at 2017 are: A total of 4,185 TWh electricity was generated from 
hydropower in 2017; about 1,267 GW is the global hydropower 
installed capacity; about 21.9 GW was the capacity added in 2017 
(IHA, 2018a). Hydroelectric technology can be classified into four 
groups - impoundment, diversion, pumped storage, and offshore 
hydropower, as presented in Table 4.

However, these technologies are sometimes overlapping, as 
they complement one another. At times storage projects are 
part of pumping to supplement the water that flows into the 
reservoir naturally. Again, the run-of-river plan may give some 
storage means. This study focuses more on the more developed 
technologies - impoundment, diversion, and pumped storage.

5.1. Classification of Hydroelectric Plants
Hydropower plants are classified in different ways; it could be 
based on capacity, type of turbine or head (ENCO; Gagliano et al., 
2014; Gatte and Kadhim, 2012; Haidar et al., 2012; Majumder and 
Ghosh, 2013). These various types of categorisation are presented 
in Table 5.

5.2. Hydroelectric in SSA
In recent times, wind and solar energy usually grab headlines in 
global debates on renewable energy and the drive to find a cleaner, 
greener options to fossil fuels. However, the available data is 
contrary to this position but points to hydropower. Currently, 
hydropower generates over three-quarters of the global renewable 

Figure 13: (a) Sources of electricity in Sub-Saharan Africa; (b) end-use sector electricity consumption in Africa sub-region, 2012 (International 
Energy Agency, 2014)

Figure 14: Electricity demand supplied by back-up generators by 
sub-region, 2012 (International Energy Agency, 2014)

Table 2: Generation capacities of the energy resources available in SSA
Source Solar (GW) Wind (GW) Geothermal (GW) Hydroelectric (GW) Natural Gas (GW) Coal (GW)
Total 10,000 109 15 350 400 300
SSA: Sub-Saharan Africa

a b
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energy output each year and its CO2 emissions over the entire 
lifecycle process are usually lower than other RE resources. 
Hydropower potential in SSA is about thrice the wind potential 
and it accounted for 84% of the non-fossil fuel energy use in 
Africa in 2013 (Bello). There are still opportunities for expansion 
as the untapped potential is huge. SSA has technically significant 
hydropower potential that is underdeveloped mainly due to lack 
of political structures and commercial viability. The share of 
hydroelectric to the estimated SSA power demand of 100 GW is 
22%. The region’s power demand is expected to rise to 385 GW 

by 2040 and hydropower is anticipated to supply 26% of that 
demand. To meet these projections, about 80 GW is required to 
be added to the current region’s capacity within the next 24 years, 
which implies around 3 GW addition annually (Ayemba, 2017). 
The hydropower potential accounts for 10% of the world’s total of 
270 GW and only 10% of the hydropower potential in the region 
that has been exploited. The hydropower potentials in Africa are 
not evenly dispersed and 70% of the resources are concentrated 
in these countries - Congo RC, Egypt, Ethiopia, Nigeria, 
Mozambique, Morocco, Zambia, Sudan and Ghana (Harris, 2016).

Currently, the untapped hydropower potentials are about 10,000 
TWh/y worldwide. These undeveloped hydropower potentials 
across the world regions remain significant, particularly in Africa, 
Asia, and Latin America. Significantly, however, about two-thirds of 
economically feasible hydropower potential globally is unutilised. 
Coincidentally, the highest number of people without electricity live 
in regions with the largest unutilised hydropower potential, such as 
SSA, Latin America, and South Asia (Seifried and Witzel, 2010). 
Figure 17 shows the tapped and untapped potential in the different 

Figure 15: CO2 emissions (kt) in Sub-Saharan Africa (World Bank, 2018b)

Figure 16: Effect of increase in CO2 on extreme poverty (Goldstein, 2015)

Table 3: Renewable energy generation capacity in SSA
Energy 
resource

Capacity Countries in SSA

Solar >10 TW All
Hydropower 350 GW Congo RC, Ethiopia, Nigeria, 

Zambia, Namibia, Ghana, and Sudan 
Wind 109 GW Ethiopia, South Africa, Kenya
Geothermal 15 GW Ethiopia, Kenya
SSA: Sub-Saharan Africa
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regions. Asia is likely the leading market for future hydropower 
development because it has the largest unutilised potential of about 
7,195 TWh/y (WEC, 2016). A strong foundation for continued 
hydropower development is formed by the demand for electricity 
coupled with other related reservoir services in these areas.

Hydropower had a boom in 2009 as many of the plants were 
operational but a decline was experienced in 2010. SSA 
contribution to world hydropower capacity has risen to 5% and 
the share region power generation has increased from 22% to 
26%. Table 6 presents some of the major hydropower projects in 
SSA under development.

Hydropower represents a significant source of electricity 
production in eastern and southern Africa. Currently 90% of 

national electricity generation in Ethiopia, Malawi, Mozambique, 
Namibia and Zambia comes from hydropower. The share of 
hydropower in the energy mix is likely to grow further, driven 
by national and regional energy plans like the Programme for 
Infrastructure Development in Africa (PIDA). The PIDA estimates 
that generating capacity needs to increase by 6% per year to 2040 
from a current total of 125 GW to keep pace with rising electricity 
demand (Conway, 2017). Several major new developments have 
been commissioned over the last decade, including the grand 
Ethiopian renaissance dam (GERD) on the Blue Nile. The GERD 
is expected to increase generating capacity by 6000 MW once 
completed. Also, if all the dams planned for 2030 are completed, 
they will increase electricity generation capacity across southern 
and eastern Africa more than 50%. By 2040, the various regions 
in Africa are expected to expand their hydropower generation 
capacities in the new scenario, as shown in Figure 18.

5.3. Small Hydropower (SHP) Off-grid Scheme
The numerous benefits that hydropower offers are now expedient 
for tackling the world’s complex energy and water challenges, 
propelled by industrialisation, urbanisation and rapid population 
growth. One of such benefits is the exploitation of SHP system 
for the off-grid scheme. The plant that generates small-scale 
electricity, a capacity not more than 10 MW, from a water sources, 
such as a river, waterfall, and river run off is termed SHP plant. 
However, there is no internationally agreed definition of SHP in 
terms of capacity, it varies from country to country (BHA, 2012; 
Divas, 2006). The prospects of accessing grid-based electricity 
in isolated rural districts in developing countries are small. The 
grid electricity is usually for industries and other large customers 
residing in cities. Higher power supply to cities is reasonable due 
to their economic capacity to pay for the heavy utility expenditure 
from electricity. Consequently, several studies have advocated 

Figure 17: The tapped and untapped hydro potential in the different 
regions (Seifried and Witzel, 2010)

Figure 18: Sub-Saharan hydropower capacity and the remaining potential in the new policies scenario (GW) (International Energy Agency, 2014)
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off-grid based renewable energy schemes for rural electrification 
(Williams et al., 2016; Williams et al., 2017; Mohammed et al., 
2013). SHP system is a tested and trusted power scheme for 
rural electrification because its environment and simplicity is an 
advantage over large hydropower.

The scheme has received global acceptance for rural and 
standalone electrification. The utilisation of SHP system in SSA 
is favoured by an abundance of potential sites. For example, 
a study by Energy Commission of Nigeria (ECN) reported 

that Nigeria has 15,000 MW hydropower resources. and out 
of this capacity, technically viable SHP potentials form 3450 
MW (Onyia, 2013). Several other studies have pointed out that 
these potentials are found in all parts of Nigeria and are suitable 
for rural electrification. The key benefits of this electrification 
scheme are system simplicity, the absence of GHG emmission, 
low maintenance and running costs (Abdullahi, 2005; Kela 
et al., 2012; Sambo, 2010). Other merits are the provision of 
cheap power for agro-allied industries and individuals for agro 
processing, contribution to local government revenue, the creation 

Table 4: Classification of Hydroelectric technologies
Hydropower type Description
Impoundment (Li et al., 2017; Liu et al., 2018; 
Wu et al., 2016)

Impoundment hydropower is typically a large hydropower system that uses dam as 
a reservoir to store river water that is then released to flow through the penstock to 
the turbine and spin it.

Diversion (Fuentes-Bargues and Ferrer-Gisbert, 2015; 
Gaudard et al., 2018; Sindelar et al., 2017)

A diversion, also called run-of-river, directs a portion of a river through a canal to 
penstock or directly to a penstock. The type of facility requires little or no storage 
facility but at times a weir is needed. It provides a continuous supply of power 
with some flexibility of operation by regulating the water flow to address daily 
fluctuations in demand.

Pumped storage (Breeze, 2018a, 2018b; Lu and Wang, 
2017; Pérez-Díaz et al., 2015; Popa et al., 2017; 
Zhang et al., 2018)

Pumped storage - this involves the harnessing of water through the cycling of 
previously used water by pumping between a lower and upper reservoir. Water is 
pumped uphill reservoir from a second reservoir at a lower elevation. It provides 
peak-load supply, harnessing the energy in the cycled water between the lower and 
upper reservoirs. The pumping is usually carried out during the low demand period

Offshore- hydropower (Barbarelli et al., 2018; 
Zhang et al., 2018)

This is an emerging hydropower technology that is currently less established. This 
growing group of technology uses the power of waves or tidal currents to generate 
electricity from seawater.

Table 5: A broad classification of hydroelectric plants
Basis of classification Categories
Inlet to the turbine Impulse turbine: Energy in the form of kinetic, e.g., Pelton wheel, Turbo wheel.

Reaction turbine: Energy in both Kinetic and pressure, e.g., tubular, bulb, propeller, 
Francis turbine.

The capacity of water flow regulation Run of river plants
Storage plant
Pumped storage plant

Head (H) Low head plants (H=2–30 m)
Medium head plants (30>H > 100 m)
High head plants above (H>100 m)

Operation load supplied Base load plants
Peak load plants

Storage and pondage With dam/storage
Without a dam/storage

Plant generation capacity Pico-plant (KW) P<5
Micro-plant (KW) 5<P < 100
Mini-plant (KW) 100<P < 1,000
Small-plants (KW) 1000<P < 10,000
Medium-plants (KW) 10,000<P < 100,000
Large-plants (KW) 100,000<P < 10,000

Location and topography Low land
Hilly area
Mountainous region

Water direction of flow through the runner Tangential flow: Water flowing tangentially (perpendicular to both radial and axial 
directions) to the path of rotation.
Radial outward flow as in Forneyron turbine
Axial flow: Water flowing parallel to the axis of the turbine, as in Girard, Kaplan, and 
Jonval turbines
Mixed flow: Radial entering Water at the outer periphery and exiting axially, as in modern 
Francis turbine.

Turbine characteristics Low specific speed, e.g., Pelton wheel.
Medium specific speed, e.g., Francis wheel.

High specific speed,
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of job opportunities in the rural areas, and reduction of rural-
urban migration.

SHP has been described as the best power system for rural areas 
and stand-alone electrification (Williams et al., 2016; Williams 
et al., 2017; Williams et al., 2017; Ebhota and Tabakov, 2018). 
In addition, SHP is a renewable energy generation system that 
produces electricity at low cost, between 0.02/kWh and 0.05/kWh 
USD (IRENA, 2014; UNIDO, 2013). A geospatial assessment 
study (Korkovelos, 2017) of small-scale hydropower potential 
defines mini and SHP as 0.1–1 MW and 1–10 MW respectively. 
Figure 14 shows mini and SHP potentials of selected points in 44 
SSA countries. The study reported that:
i. About 5383 SHP sites have been identified across SSA, with 

the highest concentration in Central and South Africa and the 
estimated power capacity of these sites is 21,800 MW. One 
third of the identified potential sites are in DR Congo, South 
Africa, and Sudan and the estimated power pools of the sub 
regions in SSA is shown in Figure 19.

ii. Identified a total of 10,216 mini hydropower potential sites 
in SSA with an estimated generation capacity of 3,421 MW. 

These mini potential sites are concentrated in central Africa 
countries with Congo DR and Angola having the highest 
potential of about 975 MW. Mini and SHP potential points 
in SSA are shown in Figure 20.

5.4. Pumped Hydroelectric Storage
Pumped storage hydropower (PSH) is another hydroelectricity 
generation technology, though it is not new but is currently 
receiving much attention due to the global energy formation 
change. The technology has been described as a reliable power 
generating system for emergency peak demand. It is well exploited 
in areas where water availability is a challenge. The concept of 
PSH is the retaining of used water for reuse by utilising a pump 
back mechanism during low power demand periods instead of 
allowing the water being discharged into its flow path (Pérez-
Díaz and Jiménez, 2016; Rehman et al., 2015). This implies, 
the reclamation of the surplus of the electrical energy generated 
by the PSHP in periods of low demand and stored as potential 
hydraulic energy. In a PSH system the turbine is in between two 
water reservoirs, which are separated vertically to form upper and 
lower reservoirs, as illustrated in Figure 21.

Best potential for pumped storage is usually found in the 
mountainous regions because they offer high heads of water that 
can be utilised. PSH technology is a facility for optimising the 
application of irregular generation over long periods and generally it 
may be deployed to perform the following operations (Táczi, 2016):
i. Peak shaving - PSH is used as a backup generating facility to 

meet the peak demands in short periods of time
ii. Quick start capability - the hydropower generation in a PSH 

starts in a few minutes. The PSH is about 30 minutes less than 
other turbines or hours less than the steam generation

iii. Black start capability - PSHPs have the capability to run at 
zero loads and additional power can be loaded rapidly when 
loads increase

iv. Load balancing - Load levelling involves saving power during 
periods of light loading

v. Voltage support - PSHPs have the ability to manage reactive 
power, which ensures that power will flow from generation 
to load

vi. Frequency regulation - hydropower helps to maintain the 
frequency through a continuous modulation of active power 
within the given limits

vii. Back-up reserve, spinning reserve - PSH facility has the ability 
to provide additional power supply within seconds to the 
transmission system to cushion surge in case of unexpected 
load changes in the grid.

5.5. PSH in SSA
At present, the level of PSH deployment in SSA, and the whole of 
Africa is insignificant. From PSH mapping conducted by the IHA, 
there are just two countries in the continent that have implemented 
PSH schemes. These countries are Morocco and South Africa 
(SA), as shown in Figure 22. Morocco’s PSH system at Afourer 
near Beni-Mellal of 460-MW capacity, plays a complimentary 
role to the 26 hydropower stations, totalling 1,360 MW in capacity 
(OBG, 2016). Just this year (2018), a contract to build a 350 MW 
Abdelmoumen pumped-storage facility in Morocco, valued at 

Figure 19: Small hydropower potential per African power pool 
(Korkovelos, 2017)

Figure 20: Mini and SHP potential in the selected points in 
Sub-Saharan Africa (Korkovelos, 2017)
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a cost $339 million was awarded to Vinci consortium (Choukri 
et al., 2017; Ingram, 2018; OBG, 2016). This facility and two other 
PSHPs of 300 MW each are under development and are expected 
to be completed in 2020 and 2030. They are all part of Morocco’s 
RE development and integration plan (Choukri et al., 2017).

Currently, four PSHPs are operational in SA, their total installed 
capacity is about 2910 MW, which amounts to about 6% of the total 

electricity generation capacity of SA (Barta, 2018). The details of 
these PSHPs operating across the country are presented in Table 7.

5.6. PSH Outlook
A study by Ecoprog in 2013 shows that the development and 
application of PSH will grow stronger between 2013 and 2023 
(ECOPROG, 2013). By 2020, the PSH installed capacity is estimated 
to be 74 GW from about 100 new PSHPs and this amounts to 50% 
of a current number of plants and about 56-billion-euro investment. 
This emerging boom prediction is anchored on the world’s resolution 
to increase the share of renewable energies in electricity generation. 
The new PSHPs will be designed as transitional storage of electricity 
from fossil power plants and for the fluctuating production especially 
of solar and wind power. This is due to the electricity generation 
fluctuations caused by the significant hourly, daily and seasonally 
variations of solar and wind power.

5.7. The Significance of Hydropower in Electricity 
Generation
Hydropower, solar, and wind are mostly used in renewable energies 
in SSA. Hydropower has the highest generation efficiency and 
is the leading global renewable energy source for electricity 
generation and it supplied 71% of all renewable electricity in 
2015. The generation efficiency of the modern turbine is as high as 
90% while the efficient of the best fossil fuel plants are only about 
50%. It was reported in 1996 that Canada and the United States of 
America (USA) are the number one and two largest hydropower 
generating countries in the world (National Hydropower 
Association [NHA], 1996). In the USA, electricity produced from 
hydropower is enough to serve the needs of 28 million residential 
customers. This covers residential homes in Michigan, Minnesota, 
Tennessee, Indiana, Iowa, Nebraska, Kansas, Ohio, North and 
South Dakota, Missouri, Kentucky, and Wisconsin. Other countries 
with remarkable hydroelectric generation are Norway with more 
than 99% of its electricity from hydropower and New Zealand 
with 75% of its electricity from hydroelectric. However, in 2015, 
the IHA reported that China leads the rest of the world, followed 
by the USA in the hydroelectric generation, as shown in Figure 23 
(IHA, 2015). Hydropower, which generates about 17% of the 
world’s electricity, is expected to remain the world’s largest source 
of renewable electricity production by 2022 (IEA, 2012).

5.8. The Role of Hydropower in CO2 Emissions 
Reduction
Hydroelectric is expected to play a critical role in checking CO2 
emission in the power sector and enhancing system flexibility. 

Figure 21: Schematic of PSH system’s operating principle (Breeze, 
2018a; Dvorak, 2018)

Figure 22: IHA’s PSH Tracking Tool maps of Africa (IHA, 2017)

Figure 23: Top hydropower generating countries as of 2015 (NHA, 1996; WEC, 2016).
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The study greenhouse gas footprint of 500 large hydropower 
reservoirs, exploiting a new tool, GHG Reservoir (G-res), to 
assess net emissions, shows that the median emissions intensity 
of hydropower is only just 18.5 gCO2-eq/kWh (IHA, 2018a). The 
use of hydropower instead of coal in the generation of electricity 
in 2017, prevented the emissions of – about 4 billion tonnes of 
GHG globally; 62 million tonnes of sulphur dioxide; 148 million 
tonnes of air polluting particles; 8 million tonnes of nitrogen oxide; 
and avoided the estimated 10% increase from global industry and 
fossil fuels emissions (IHA, 2018a).

6. CONCLUSION

Sub-Sahara Africa is bedevilled by chronic gross inadequate 
electricity supply that has plagued the region for decades. The 
region has the highest population without access to electricity 
and this comes with grievous consequences of retarded economic 
growth, high rate of unemployment, health issues and poverty in 
the region. The economic indexes, such as GDP, and DNI of the 
region reflect this and they show downward trends. Ironically, the 
region is blessed with both conventional and renewable energy 
resources that are inadequately tapped. Amongst the renewable 
energies, hydropower, has been identified to play a significant 
role in overcoming power inadequacies that come with population 
growth, industrialisation and urbanisation if adequately harnessed. 
The deployment of hydropower systems lessens the global 
dependence on fossil fuels, facilitates variable renewables through 
a hybrid renewable energy system (HRES) and storage. Apart from 

power generation, hydropower provides several economic benefits 
that repel poverty and manages water effectively.
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