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ABSTRACT

This study overviews the power status, salient barriers to adequate power access and the role of 
small hydropower in improving power accessibility in the region. The study notes that – over 50% 
of the population in 41 countries in the region have no access to electricity; the prediction of 
electricity access growth rate in SSA from 43% in 2016 to 59% in 2030; about 607 people, which 
is 90% of world’s population without access to electricity in 2030 will leave in the region and the 
rural areas access is below 20%; over 90% of the households in about 25 countries of SSA rely 
on waste, wood, and charcoal for cooking; the average grid power tariff in SSA is US$0.13 per 
kWh as against the range of US$0.04 to US$0.08 per kWh grid power tariffs in most parts of the 
developing world. Also, it was found that the sections of power supply system – generation, 
transmission and distribution facilities are affected by insufficient funding, poor maintenance and 
management and over dependence on foreign power supply technologies; and the region is 
endowed with huge SHP resource that is insignificantly tapped. Lack of workable SHP 
development framework; insufficient fund; effect of the electricity market in the region; lack of 
effective synergy among the stakeholders; insufficient and outdated hydrological information 
about SHP resources; inadequate human and manufacturing facility development were the 
identified factors responsible for SHP underdevelopment. Domestic development of SHP 
technology is required to effectively develop SHP to improve access to power in the region. This 
will require massive human capacity building and the use of locally soured materials and 
production facilities.

1. Introduction

Energy poverty poses a serious obstacle to the 
socioeconomic development of sub-Saharan Africa 
(SSA). The power situation in sub-Saharan Africa 
(SSA) is in a pathetic state despite several intervention 
measures [1]. The challenges that trail the power sector 
in the region seem as fresh as they were two decades 
ago and even deepened in some areas. The level of 
energy inadequacy in the region negates the longstanding 
efforts to change the narrative. Truly, this is heart 
breaking considering the resources and efforts that 
have been expended. The electricity access rates of 

most countries in the region are about 20% and two-
third of the population lack access to modern energy 
services. The population without access to electricity by 
region, is shown in Fig 1. The electricity demanded by 
the region, from 2000 to 2012, increased by 35% to 
reach 352 TWh and an average rate of 4% annual 
electricity demand increase is expected through 2040. 
In 2017, the International Energy Agency (IEA) reported 
that [2]: electricity access rate in SSA will grow from 
43% in 2016 to 59% in 2030; and about  
607 people, which is 90% of world’s population without 
access to electricity in 2030 will leave in the region. 
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The residential sector average annual electricity 
consumption is about 488 kWh per capita, which equals 
only about 5% of the United States consumption [3]. 
Additional information about electricity in SSA are as 
follows: 
	 The region shares 13% of the world’s population 

but accounts for only 4% of the world’s energy 
demands.

	 The total grid-connected power generation 
capacity in 48 countries in SSA is about 83 GW 
with South Africa accounting for 50%, generated 
mostly from coal [4].

	 Only 13 countries in SSA have power systems 
capacities over 1 GW. These account for over 
80% of the power capacity in SSA. While 
27 countries have their grid-connected power 
systems less than 500 MW, 14 countries are 
below 100 MW [5].

	 The installed capacity in SSA is 44 MW per a 
million people [5]. 

	 The wide range of electricity generating sources 
in SSA include [2]; Renewable energies contribute 
(hydropower-22%, solar-1% and others, such as 
biomass, geothermal and wind -3%); Fossil fuel 
(natural gas-15%, diesel/heavy fuel-23%, and 
coal-35%) and Nuclear energy contributes 1%.

Power infrastructural development in emerging 
economies attracts international investments, supports 
and aids because of the dominant role access to electricity 
plays in the socioeconomic development of a country or 
region. Sadly, these interventions and supports are yet to 
give the expected results in some regions especially in 
the Southern India and SSA. Several research, review 

and opinion articles have been published on this and 
how energy can be provided to meet the demands [6-13]. 
These papers are often similar and at times with different 
approach for different countries and regions. Hence, this 
study will examine power access, to identify issues 
bordering on power access, the deployment of fossil fuel 
in SSA and their health consequences. The economic 
significance of the exploitation of small hydropower 
(SHP) in SSA and the various ways of developing SHP 
systems to change the narrative of power inadequacy 
will be presented.

2. Methodology 

The present power issues in SSA in terms of accessibility, 
causes and consequences of inadequate access to energy 
will be examined. The study will take a look at the 
various sources of energy in the region, drawbacks of 
fossil fuels and the expected attributes of modern energy 
systems. Further, considerations will be given to the role 
of SHP in meeting greater power accessibility in the 
region and the attributes of modern energy systems that 
will promote the reduction of GHG emissions. The 
study will rely on centred on quantitative information 
and data taken from text books, government documents, 
published research articles, verified websites, news 
media, thesis, local and international organisations’ 
reports and outlooks on power accessibility in SSA. The 
international organisations include International 
Renewable Energy Agency (IRENA), United Nations 
(UN), World Bank, REN21, International Energy Agency 
(IEA), and World Energy Council (WEC). The systematic 
steps and the layout of this study are shown in Fig 2. 
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Figure 1: Population without access to electricity by region [2]
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the households in about 25 countries in SSA rely on 
waste, wood, and charcoal for cooking. The share of the 
population that primarily rely on different cooking fuels 
by region are shown in Fig 4.

3.3. Greenhouse Gases (GHG) emissions

The traditional practice of cooking with biomass coupled 
with the use of fossil fuel gave rise to drudgery, fires, 
burns, GHG emissions, poisoning, economic prosperity 
impediment, and respiratory diseases leading to 
premature death in the region. Population without access 
to electricity and clean energy for cooking across the 
SSA, are shown in Fig 5 (a) and 5 (b), respectively [2].

The Framework Convention on Climate Change 
(UNFCCC) of the United Nations has recognised the 
challenge of Greenhouse Gases (GHG). The goal of the 
Convention is to stabilise GHG concentrations to a level 
that would prevent hazardous anthropogenic meddling 
with the climatic condition of the atmosphere [17]. The 
world’s CO2 emissions from fuel combustion -1971 to 
2016 and world’s CO2 emissions from fuel combustion 
- 1971 to 2016 by region measured in Metric tons of 
CO2 equivalent (MtCO2) are shown in Fig 6.

The use of energy was reported to be the highest 
source of GHG due to CO2 emissions, a by-product of 
fossil fuel combustion. Coal accounts for 29% of the 

3. �Electricity production, access, and 
consumption in SSA

3.1. �Electricity access

The type of energy resource available for electricity 
generation in a region determines the source of power 
supply for the region to access. This section (subsections 
3.1 to 3.3) takes a look at the share of SSA in the world’s 
total primary energy supply (TPES), fossil fuel deployment 
and greenhouse gases emissions and electricity access

The International Renewable Energy Agency 
(IRENA) reported in 2012 that the average rate of 
electrification in SSA is about 35%. It added that the 
situation is worse in the rural areas which were below 
20%. Further, over 50% of the population in 41 countries 
in the region had no access to electricity [14]. The 
region’s share of the world totals primary energy supply 
(TPES) is very small, as shown in Fig 3. Although one 
billion sub-Saharan Africans are expected to have access 
to electricity in 2040, about 530 million people will lack 
access, especially in the remote areas [15]. 

3.2. Fossil fuel and biomass

Developing Asia and SSA dominate the over 2.8 billion 
people, which is about 38% of the global population, 
that lack access to clean cooking energy. Over 90% of 
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Amongst Africa’s major forms of fuel for power 
generation, coal emits the highest GHG while hydro 
produces an insignificant amount, as represented in  
Fig 8 (a). In 2015, electricity and heat generation 
emitted about two-thirds of global CO2 emissions which 
is about 42%, while transport accounts for 23% as 
illustrated in Fig 8 (b). Although the use of renewable 
energy has gained ground in SSA, the region still 

global TPES but represents 44% of the world CO2 
emissions while carbon-neutral fuels represent 18% of 
TPES [19] (Fig 7 (a)). Greenhouse gas emissions in 
2012 decreased in North America (-3.7 %), Annex II 
Europe (-0.5 %) and Annex I EIT (-0.8 %), but increased 
in China (3.1%), Africa (5.6%), Asia excluding China 
(4.9%) and the Middle East (4.5%) as represented by 
Fig 7 (b).
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cient power generation, transmission and distribution 
infrastructure [21]. Industries and others electricity 
users in the region that are connected to the power grid 
experience an average of 56 days of power outage annu-
ally and this represents 15% darkness yearly [22]. 
Consequently, firms lose 6% of sales revenues in the 
informal sector. The losses can be as high as 20% where 
back-up generation is inadequate [23]. Hence, the 
region is in desperate need of power for socioeconomic 
growth [22, 23]. Due to the inadequate installed capac-
ity, there is low energy consumption [24] and access, as 
a result, the commercial sector is compelled to deploy 
expensive generators. These generators serve as backup 
power suppliers and in some cases the only sources of 
electricity. 

substantially relies on fossil fuel for electricity and heat 
generation

Global total primary energy supply (TPES) demand, 
which depends mainly on fossil fuels, doubled from 1971 
to 2012, as depicted in Fig 9 [20]. According to IEA, a 
further increase is expected in the use of fossil fuel 
through to 2030 in the new policies scenario [2], as shown 
in Fig 9 (b) and this will result to CO2 emissions increase. 

4. �Inadequate power supply impacts on the 
economy: high cost of running a business in 
SSA

The economy of SSA is starving of energy due to gross 
inadequate access to electricity resulting from insuffi-
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Figure 7: (a) Global primary energy supply and CO2 emissions; Change in CO2 emissions by region (2011-2012) [17]

 

1990 2015

m
illi

on
 to

nn
es

 o
f C

O
2

1200

1000

800

600

400

200

0
1971 1980 1990 2000 2010 2015

OilCoal Gas Other

m
illi

on
 to

nn
es

 o
f C

O
2

1200

1000

800

600

400

200

0
1971 1980 1990 2000 2010 2015

Manuf. ind. and construction
Electricity and heat

Residential
Transport
Other energy industries

Other

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 8: (a) CO2 emissions by fuel: (b) CO2 emissions by sector [18]



18	 International Journal of Sustainable Energy Planning and Management Vol. 19 2019

Power accessibility, fossil fuel and the exploitation of small hydropower technology in sub-saharan Africa

sufficient electricity to meet the demand, as required by the 
growing population and urbanisation and for economic 
growth. The region’s total installed capacity without South 
Africa (SA) is about 80 GW and this is equivalent to that of 
the Republic of Korea and one tenth of Latin America. 
South Africa generates around 40 GW while Nigeria which 
is over three times SA’s population, generates only 7% of 
SA generation capacity. The factors responsible for power 
supply inadequacy in SSA are numerous and there are 
peculiarities and differences in these factors amongst the 
countries of SSA. These limitations are found in the main 
sections of a power supply system – generation, transmission 
and distribution. Across the region, facilities in these 
sections are experiencing insufficient funding, poor 
maintenance and management and over dependence on 
foreign power supply technologies and assistance, these 
have been identified by studies [30–33]. Other common 
factors are under developed manufacturing infrastructure, 
the exorbitant cost of power projects and under developed 
human capacity in the power sector[34]. This section, 
therefore, identifies and discusses the key factors that are 
responsible for SSA power access inadequacy in subsection 
5.1 to 5.3.

5.1. Power supply facility

The chronic electricity shortages coupled with insufficient 
transmission and distribution networks are fundamentally 
the causes of inadequate electricity access and consumption 
in most countries in SSA. Many countries in SSA do not 
generate enough electricity to distribute to the populace 
and the little generated does not wholly get to the users. A 
large amount of power is lost along the transmission lines 
due to sub-standard, and maintenance of power 
transmission and distribution facilities issues. Across the 
entire region, step down and the step up transformers are 

Nigeria has the largest number of diesel and petrol 
power generating sets market in Africa with a promising 
growth of 8.7% [25]. The Power generators importation, 
mainly from China, Germany and the United Kingdom 
to Nigeria is expected to grow from $450 million in 
2011 to about $950.7 million by 2020 [26]. Although 
these generators are reliable, they run on fossil fuels 
(diesel and petrol) and this comes with consequences. 
These include air pollution and the high cost of doing 
business as the use of diesel or petrol generator costs 
about three times more than grid based supply. Annually, 
over $22 billion ($149 million for diesel, and $703 
million for petrol) is spent on fuel for dedicated electric 
generators in Nigeria and this was described as the 
highest in the world [2, 27]. The average grid power 
tariff in SSA is US$0.13 per kWh as against the range of 
US$0.04 to US$0.08 per kWh grid power tariffs in most 
parts of the developing world [23, 28]. The estimated 
cost of power generated by diesel generating set is 
US$0.25/kWh [29]. The deployment of a generator for 
manufacturing impacts hugely on the production costs 
and air pollution, making businesses that operate in SSA 
with much higher running costs than their equals 
elsewhere. This holds for businesses across all sectors, 
such as telecommunication, manufacturing, bank, 
agricultural and business services. There is a direct 
correlation between the use of generators and emissions 
gases because the generators burn fossil fuel, either 
diesel or petrol, and emit a lot of GHG and pollutants to 
the atmosphere.

5. �Salient causes of inadequate electricity 
access

According to the World Bank, the power systems 
infrastructure in the region cannot adequately generate 
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Figure 10: Half-hazard distribution line

often undersized, under service, sub-standard and 
overload. The power distribution cables or wires also 
experience the same technical issues and in many cases 
are in terrible forms, as shown in Fig 10. However, the 
situation is different in SA, as everything regarding power 
distribution cables in most cities seems to be right. This is 
one of the reasons that make SA accounts for 50% of the 
total power generated in the region.

5.2. Providing power sector investment funds

The power sector in SSA is receiving attention from 
both national and international players resulting in huge 
investments. Many power projects have been executed 
and several others are still on going and Table 1 presents 
significant power installations in 2013.

The estimated annual investment required to 
adequately boost power access is $40.8 billion, which is 
equivalent to 6.35% of Africa’s GDP [5]. Government 
alone cannot bridge this large financial gap. Hence, the 
government-private partnership is needed to provide a 
substantial proportion of the fund needed under a long-
term power purchase agreements (PPAs). If the 
investments in power generation, transmission, and 
distribution components are not stepped up, over 670 
million people will lack access to electricity in sub-
Saharan Africa by 2030.

5.3. Ineffective reforms 

Since 2006, power sector reforms have been enacted in 
over 80% of SSA countries, this includes about 75% and 
66% countries having their power sector privatised and 

Table 1: Power generation installed capacity and gross domestic 

product (GDP), 2013 [5]

			   GDP (purchasing power 	
Country	 Capacity (MW)	 parity, PPP), 2013 

Nigeria	 7,044	 972.65	
Sudan	 3,038	 153.09	
Ghana	 2,812	 103.65	
Congo, Dem. Rep.	 2,444	   50.47	
Mozambique	 2,382	   28.40	
Ethiopia	 2,094	 129.86	
Zambia	 1,985	   57.07	
Zimbabwe	 1,970	   25.92	
Kenya	 1,766	 124.02	
Tanzania	 1,659	 117.66	
Côte d’Ivoire	 1,521	   65.55	
Angola	 1,509	 166.11	
Cameroon	 1,238	   69.98	

corporatized state-owned utilities, respectively [33]. The 
utility performance continues to be dwindling despite 
the reform measures. 

6. Delivery of modern energy systems to SSA

The challenges that trail SSA meeting its power demand 
are complicated by the current global position on fossil fuel 
and the negative environmental impacts resulting from the 
use of large hydropower (LHP) systems. There is a global 
outcry for affordable, secure, available, and environmentally 
sustainable energy systems [35–38]. The United Nations 
have thrown its weight behind this by making energy for all 
by 2030 as one of the Sustainable Development Goals 
(SDGs). The World Energy Council (WEC) in its 
perspective, opines that modern energy supply should be 
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7.1. Small hydropower potentials in SSA 

Small hydropower refers to the generation of electrical 
power from a water source on a small scale, usually with a 
capacity of not more than 10 MW. However, there is still no 
internationally agreed upon definition of small hydropower 
as capacity classification varies from country to country, as 
shown in Table 2 [58, 59]. For rural and electrification of 
remote areas in developing countries, SHP or micro–
hydropower has been described as the most effective 
energy scheme [60]. A schematic of a hydropower plant is 
shown in Fig 11. The technology is environmentally 
benign, extremely robust and long lasting – lasting for  
50 years or more with little maintenance [61]. Other 
striking benefits include [62, 63]: minimal vandalisation of 
power facility; reduction in transmission losses; reduction 
in network problems (especially during raining season); 
reduction in illegal electricity connections to the national 
grid; the resource is in abundance and largely untapped; it 
emits low GHG (CO2) and is regarded as a clean renewable 
energy source; it can create jobs; and it encourages energy 
diversification of systems thereby enhancing energy supply 
reliability in the region, etc. The global quest for cleaner 
energy to replace or minimise the use of fossil fuels which 
are the bulk of electricity generation in SSA favours the use 
of SHP. This will consequently reduce GHG emissions 
[64]. Aggressive use of renewable energy in SSA will 
reduce CO2 emissions by 27% in the region [1]. 

Hydropower is a part of the solutions required to 
overcome electricity inadequacies in both urban and rural 
areas. The use of hydroelectric lessens the global 
dependence on fossil fuels, promotes variable renewables 
via hybrid renewable energy system (HRES) and storage. 
Apart from power generation, hydropower provides 
several socioeconomic benefits that limit poverty and 
manage water effectively. The search for the best ways of 
supplying power to remote and rural areas and alternatives 

governed by three pillars, called energy trilemma – energy 
security, energy equity, and environmental sustainability 
[39]. This is happening at the time that the region has the 
highest population that lack access to electricity and the 
highest poverty. It will be beneficial now and in the future 
and avoid waste of resources for SSA to concentrate more 
on the development of energy infrastructure that will 
promote energy sustainability: 

i.	 GHG emissions reduction – supplying clean, 
reliable, and renewable energy with low or no 
GHG emissions.

ii.	 Deployment of low-cost and high power 
generation efficiency schemes 

iii.	 Energy security - increasing access to clean, 
affordable and adequate energy in rural and 
urban cities of SSA.

6.1. Emerging power supply schemes

The electricity access challenge affects the rural dwellers 
most, as about 80% of the population in the rural areas 
have access to electricity. To overcome this scourge, 
things have been done differently from the grid 
connection. Electricity access in the region will be 
improved in remote and rural communities by the 
decentralised technologies, such as off-grid and mini-
grid systems. These are emerging power schemes that 
have dominated the discussions, research, development 
and the deployment of renewable energy to urban, 
remotes and rural areas in recent time [40–51]. The 
decentralised electrification technologies exploit 
available RE resources in a given place to provide clean, 
adequate, affordable and reliable power supply. The 
main RE resources for electricity generation in SSA are 
hydropower, wind, solar, geothermal, wave and biomass. 
This study will only consider the significance of small 
hydropower system in improving electricity access and 
the wellbeing of the people in SSA. This power scheme 
has been tested and trusted in many countries and 
several studies have described SHP is a reliable 
electrification for rural areas in SSA [7, 11, 46, 52–57].

7. Developing Small hydropower in SSA 

More development of SHP resources required in SSA to 
bridge power access inadequacy and to promote greater 
use of clean energy. Hence, this section discusses in 
subsection 7.1 to 7.3 – the SHP potential in SSA; a 
summary of systematic steps of SHP development; and 
the key limiting factors of SHP development in the region.

Table 2: Various size classifications of SHP [59, 65]

Country	 Micro (kW)	 Mini (kW)	 Small (kW)

United States	 < 100	 100-1000	 1–30
China	 –	 < 500	 0.5–25
USSR	 < 100	 –	 0.1–30
France	 5-500	 –	 –
India	 < 100	 101 –1000	 1–15
Brazil	 < 100	 100 –1000	 1–30
Norway	 < 100	 100 –1000	 1–10
Nepal	 < 100	 100 –1000	 1–10
Various	 < 100	 < 1000	 < 10
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7.2. Developing SHP site

The development of SHP system can be divided into 
site assessment, civil works activities and 
electromechanical section development. The site 
assessment involves the hydrological, geological, and 
topographical study of the natural resource, such as 
river. In the site assessment and evaluation, data 
collection is the first stage of the sequence of activities 
that SHP development requires. This stage can be 
divided into four phases: planning, project approval, 
construction and exploitation. The assessment 
establishes the economic viability of the site. Designing 
of the civil work components based on the site 

to fossil fuel in SSA is receiving tremendous attention. 
This has led to several power schemes utilising REs, such 
as solar, geothermal, wind and SHP. However, hydropower 
has been identified as a RE potential, second to solar in 
terms of abundance and distribution, capable of adding 
substantially to power access in the region. The World 
Bank has stated that only 8 percent of the hydropower 
potential in SSA has been developed [66]. 

The SHP scheme has been described as an efficient 
power supply system for rural area and stand–alone 
electrification. It is a RE generation system that produces 
electricity at low cost, between 0.02/kWh and 0.05/kWh 
USD [68, 69]. A geospatial assessment study [70] of 
small–scale hydropower potential defines mini and SHP 
as 0.1–1 MW and 1– 10 MW respectively. Fig 12 shows 
the potentials of mini and SHP in selected locations in 
44 SSA countries. The study observed that:   

i.	 About 10,216 mini hydropower potential sites 
were identified in SSA with an estimated 
generation capacity of 3,421 MW. Also, these 
mini potential sites are concentrated in central 
Africa countries with Congo DR and Angola 
having the highest exploitable potential of about 
975 MW. 

ii.	 There are around 5383 SHP identified sites 
across SSA, with the highest concentration in 
South and Central Africa. The estimated power 
capacity that can be generated by sites is 21,800 
MW. About 33% of these sites are in DR Congo, 
South Africa, and Sudan. The estimated power 
pools of the sub regions in SSA is shown in  
Fig 13.

 

Potential
Energy

Kinetic
Energy

Reservoir

Intake

Penstock

Electrical
Energy

Long Distance
Power LinesPowerhouse

Generator

River
Turbine

Mechanical
Energy

Figure 11:  A schematic of a hydropower plant [67]

SSA-Mini/SHP per country (MW)
1.1-10.0

SSA-SHP (MW)
0.1-1.0

SSA-Mini (MW)

0.1-50

51-250

251-500

501-1000
1001-3000

Figure 12: Mini and SHP potential in the selected points in SSA 44 

Sub-Saharan countries [70]

http://0.02/kWh
http://0.05/kWh


22	 International Journal of Sustainable Energy Planning and Management Vol. 19 2019

Power accessibility, fossil fuel and the exploitation of small hydropower technology in sub-saharan Africa

coupled with the energy poverty of SSA, the huge 
SHP resource in the region is insufficiently tapped, as 
seen in Fig 14 [72]. 

The deployment and development of SHP in SSA are 
limited by lack of technology capacity; insufficient 
fund; ineffective framework and regional trade 
agreements; inappropriate power generation and 
distribution policies; unreliable hydrological data of 
potential sites; insufficient domestic product 
manufacturing participation and competitiveness; 
inadequate and unorganised SHP research and 
development (R&D); and lack of regional political will. 
However, these limitations are sometimes different from 
one country to another [73]. Table 3 presents SHP 
development barriers peculiar to the difference regions 
in SSA [31, 34, 74].

evaluation results is followed. The selection and sizing 
of the hydro turbine and the generator or alternator are 
carried out based on the capacity of the water body 
obtained via the hydrological study.

7.3. �Inadequate deployment and Challenges of SHP 
in SSA

The deployment of SHP scheme in rural areas, and 
standalone electrification will provide improved 
access to clean and affordable electricity, and 
diversification of energy in SSA. It meets the modern 
attributes of power source to replace or reduce the use 
of fossil fuel, which is the main source of electricity 
generation in the region [71]. Significant deployment 
of hydropower will reduce CO2 emission by about 
27% in the region[1]. Despite these known merits 
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in China and this is one of the reasons that makes the 
rate of SHP development in China very high.  

The building of domestic capacity for hydro turbine 
manufacturing in the region will substantially reduce the 
cost of SHP projects, O&M and reduce downtime. The 
technical skills and manufacturing sector needed to develop 
SHP in the region are lacking and this creates challenges 
for domestic SHP components and system manufacturing. 
The building of SHP technical personnel and maximising 
of manufacturing capacities will systematically ameliorate 
and eliminate some of the identified issues, such as high 
cost of SHP project, and O&M [30]. China is making 
tremendous progress in SHP because they do not outsource; 
both the human expertise and the manufacturing facilities 
are abundantly available in the country 

8.2. Other Steps to improve the development of SHP

It requires a multifaceted approach to overcome the 
present power challenges and to meet the future energy 
need of the region. The measures to address them must 

Table 3: Region–based SHP development barriers in SSA [30, 74]

Regions of Africa	 SHP Barriers in SSA

Eastern	 Lack of hydrological and up to date data
	 Insufficient awareness of SHP
	� Lack of road infrastructure to access sites in the in remote areas
	� Lack of public–private partnership with both domestic and foreign investors 
	 Inadequate human capacity
	 Power distribution cost
Middle North	� Lack of a clear cut renewable energy policy
	 Lack of motivation and suitable SHP site
	 Lack of SHP merits awareness by the public
	� Lack of support policies and technical capacity
South	� Lack of SHP components and system, insufficient human capacity on SHP
	 Unfavourable climatic condition
West	� Lack of reliable and up to date hydrological data
	� Inadequate SHP project financing and no incentive to attract domestic and foreign SHP 

investors 
	� Various degrees of insufficient technical expertise for equipment design, 

manufacturing, civil construction, operation and maintenance
	� Effect of climate change on water bodies like a river

Other common barriers	� The long distance between potential sites and consumption points
	� Low electricity demands due to low population density
	� The long distance between consumers (scattered settlement)
	 Low utilisation factor
	 Prohibitive high capital costs

8. Steps to improve the development of SHP

The section takes a look at ways of enhancing the 
development of SHP systems in SSA and these are 
briefly discussed in subsections 8.1 and 8.2.

8.1. �Benefits of domestic manufacturing of hydro 
turbines

Operation and maintenance (O&M) costs of hydropower 
projects have increased by 40% since 2007 at inflation 
of 16% over the same time period. The cost rise is more 
challenging for the small plants’ O&M as more fund  
($ per kWh) is required compared to larger counterparts 
[75]. There are several factors that account for the cost 
of SHP, which include electric market structure and 
source of equipment, the capacity of the project, 
availability of SHP technical personnel, the complexity 
of the site’s topography, etc. Fig 16 shows that the cost 
of SHP electro-mechanical equipment is relative in 
countries in SSA. The cost of the SHP project is lowest 
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9. Conclusions

The sluggishness of SSA’s economy is credited to the 
inadequate and epileptic power supply that is ravaging the 
region. Frankly, this is heart breaking considering the 
resources and efforts that have been put to change the 
situation. The electricity access rates of some countries in 
the region are about 20% and two-third of the population 
lack access to modern energy services. Industries and 
others electricity users in the region that are connected to 
the power grid experience an average of 56 days of power 
outage annually and this represents 15% darkness yearly. 
According to the World Bank, the power systems 
infrastructure in the region cannot adequately generate 
sufficient electricity to meet the demand, as required by 
the growing population and urbanisation and for economic 
growth. The chronic electricity shortages coupled with 
insufficient transmission and distribution networks are 
fundamentally the causes of inadequate electricity access 
and consumption in most countries in SSA. The challenges 
that trail SSA meeting its power demand are complicated 
by the current global position on fossil fuel and the 
negative environmental impacts resulting from the use of 
large hydropower (LHP) systems. There is a global 
outcry for affordable, secure, available, and 
environmentally sustainable energy systems. Globally, 
SHP has been identified as environmentally friendly, cost 
effective and simple renewable power scheme suitable for 
standalone and rural electrification. Domestic development 
of SHP parts and systems will lower SHP project cost and 
improve access to power in the region. This will require 
massive human capacity building and the use of locally 
soured materials and production facilities.

be implemented simultaneously. China’s SHP success 
model can be adopted by SSA to develop the huge SHP 
potential available in the region. This will require 
massive capacity building to improve the current SHP 
skill deficit and the development of manufacturing 
infrastructure to support domestic manufacturing of 
SHP components and systems. Other steps necessary to 
expedite the development of SHP include capacity 
building via reversed engineering and technology 
adaptive programmes; the use of locally sourced 
materials for turbine and other components fabrication 
[77, 78]; execution of SHP project through government-
private partnership scheme; establishment of a regional 
joint programme to promote the development and the 
deployment of SHP; updated information on the potential 
sites should be provided; enactment of policy that 
compels existing power firm to provide fund for SHP 
R&D; and formulation of policy framework that limits 
the bureaucratic process in the development of SHP.

Domestic participation in the design and manufactur-
ing of SHP devices and systems in SSA will promote 
access to clean, and affordable electricity required to 
stimulate the region’s economy. The power supply in the 
region will always be threatened by: overdependence on 
foreign technology which comes with consequences of 
the high cost of power project execution, inadequate 
skilled personnel for installation, operation, maintenance 
and repair challenges. Domestic manufacturing of hydro 
turbine can be achieved through the regional joint SHP 
technology capacity building in the following areas: 
foundry technology; mechatronics; fluid mechanics; 
manufacturing processes; and material development 
engineering. 

 
Figure 16: (a) Costs of hydro electro-mechanical equipment by country [76]: (b) small hydropower installed capital costs by capacity in 

developing countries [67] 
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