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The National Centre for Hydropower Research and Development (NACHRED) is one of the 

research Centres of the Energy Commission of Nigeria (ECN) and has been given the mandate 

of organising and conducting research and development in hydropower management and 

technologies. The Centre is to study, identify and assess all hydropower resources in the 

country and to serve as a platform for training high level manpower in hydropower technology. 

The Centre, in carrying out her mandate, has identified and embarked upon the development of 

the hydrokinetic energy conversion scheme, which is a variant of run-of-the-river small 

hydropower scheme, as a means to further boost electrical power production in Nigeria‟s 

energy mix. To reach this objective, a four-phase project has been commissioned: 

Phase 1: Resource assessment and estimation of power potential: The aim of this 

part of the work is to assess the potential of some selected rivers in the Lower Niger 

River Basin for a possible development of hydrokinetic energy conversion technology 

Phase 2: Design, modeling and laboratory experimental testing: Design of the 

hydrokinetic energy conversion device using the parameters gotten from the peculiar 

hydrology of Nigerian rivers to obtain an optimized, autonomous, self regulated, low 

cost and long life-time device.Using modelling tools (FLUENT/Computational Fluid 

Dynamics CFD software) to analyse the behaviour, power and thrust measurements of 

the design under varying hydrodynamic flow conditions 

Phase 3: Construction of the electromechanical parts and deployment to site: 

Development/construction of an indigenous turbine, electrical generator and its 

ancillary electromechanical parts using relatively cheap and locally available materials 

for future hydrokinetic industry 

Phase 4: Performance evaluation and hydrodynamic flow studies: Evaluate the 

performance of the developed hydrokinetic energy conversion prototype in a selected 

river with good hydrological parameters to determine electric power output and for the 
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experimental validation of simulations made, the actual interaction between the fluid 

flow and the device, effect of floating debris/obstacles, rotor yawing, fish survival 

studies etc 

The first step, however, is to assess Nigeria‟s hydrokinetic potential as a national renewable 

resource. The work is to be done on a regional basis using the already officially demarcated 

river basins in the country. The Lower Niger River Basin shall first be considered. 

Therefore this report constitutes the findings of the resource assessment and estimation of 

theoretical and technically recoverable power potential of some selected rivers in the Lower 

Niger River Basin for a possible development of hydrokinetic energy conversion technology. 
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CHAPTER ONE 

BACKGROUND OF THE STUDY 

1.1    Introduction 

Electricity is a very important form of energy to the modern man. It is the prime mover of a 

nation‟s economic, technological and industrial advancement and it provides the basic 

infrastructural input to a nation‟s economy. Increase in the availability of electricity means 

higher national productivity. It has been said that the per capita consumption of electricity is 

somehow a reliable index of a nation‟s progress and development (Sharma and Sharma, 2003). 

Despite efforts that have been made to provide sustainable, adequate, affordable and available 

electrical energy by the Nigerian government, the demand of this essential commodity far 

surpasses its meagre supply. The Federal Government has said that the nation needs like 

135,000MW of electric power to move the economy (Daily Sun, 2012; FRCN, 2012). With an 

installed capacity of 6000MW and a population running to 160 million, the power situation of 

the country looks very bad compared with the Republic of South Africa which generates 

40,000 MW with a population of about 50 million (SouthAfrica.info, 2012). Again a large 

portion of the available power is to service the urban centres leaving majority of the rural 

populace (which stands at 60% of the total population) lacking this basic resource (Esan, 

2006).  

This poor energy situation has generated more interest in research/development into renewable 

energy as a means of harnessing the vast resources of the nation to improve the power supply 

and the living conditions of rural dwellers. Of all the sources of energy, hydropower is known 

to be the cheapest, pollution free, resources saving, non consumptive and self replenishing 

option. 
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1.2 Hydropower and the Nigerian Scenario 

Hydropower, being one of the world‟s most widely used renewable energy resource, accounts 

for one-fifth of all global energy production and plays an important role in enabling 

communities around the world meet their power and water needs (HydroTasmania, 2006).  It is 

the generation of electric power using the potential energy available from a stored water body 

or the kinetic energy available from a flowing water body. Power is obtained by the mechanical 

conversion of the energy into electricity through a turbine at usually a high efficiency rate. 

Hydropower is usually categorised based on the power generation potential. According to 

NRCan (2010), schemes which can generate above 50,000kW are regarded as large 

hydropower, the ones that generate between 1000 – 5000kW are regarded as Small 

hydropower, 100 – 1000kW are regarded as Mini hydropower and those producing less than 

100kW are regarded as Micro hydropower schemes.Small scale hydropower schemes (Small 

hydropower, Mini hydropower and Micro hydropower) are very useful for decentralised power 

generation and can be made available in rural and off- grid locations as well as boosting the 

electrical power generation of a locality. 

Nigeria has a vast hydropower potential (both the major and the smaller hydropower schemes). 

About 32% of the total installed commercial electric power capacity comes from hydro (Esan, 

2006). There are many hilly areas, basins and artificial canals which have good potentials for 

the development of small/mini/micro hydro in the country. Examples of already assessed large 

hydro potentials are the Mambilla Plateau, Zungeru, Lokoja, Ikom, Markurdi and Onitsha. 

Small scale hydropower potentials are also in almost every river basin in the country. The 

overall large scale potential (exploitable) is in the excess of 11,000MW, while that of small 
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scale hydropower, which thus far has been already surveyed, is 700MW. There are still quite a 

lot that are unassessed (Zarma, 2006). 

1.3 Hydrokinetic Energy Conversion Technology 

Hydrokinetic energy conversion scheme is an emerging variant of the Small Hydropower 

(SHP) technology. It is a class of “zero head” hydropower which utilises the energy of flowing 

water to drive a generator. Hydrokinetic (in-stream, or water current) energy conversion 

implies the utilization of the kinetic energy of rivers, streams, tidal currents or other man-made 

waterways for generation of electricity. Unlike traditional hydropower which requires 

hydraulic head and water volume to generate power, hydrokinetic devices utilize the energy in 

the velocity of the water (in stream) to turn turbines. The principle of operation is analogous to 

that of wind turbines, though they capture energy through the process of hydrodynamic, rather 

than aerodynamic, lift or drag. 

Hydrokinetic energy conversion scheme provides a beautiful approach to tapping the SHP 

potentials of various local water bodies without the cost and the environmental implications of 

constructing dams in Nigeria. There has been worldwide interest in the technology in recent 

times particularly in North America, Australia, United Kingdom and some parts of South 

America (Khan et al, 2009). Yet despite the enthusiasm in the field, there are yet doubts on the 

technological viability and resource potential. A number of technology-specific questions are 

being asked concerning the resource availability, field of application, which converter type is 

the most appropriate, rotor configurations, etc. This has prompted many research and 

development institutions to engage in various pilot projects/research studies on the various 

questions posed by it and to try and demonstrate its overall effectiveness.  

Nigeria has a vast potential of small scale hydropower which can be exploited and converted to 

useful energy forms (mechanical/electrical) and can serve thousands of communities in urban, 
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semi- urban and rural areas as well as areas that are off-grid.It is therefore expedient that the 

nation key and explore the potential of the hydrokinetic energy conversion technology.  

The National Centre for Hydropower Research and Development (NACHRED), as part of her 

mandate, has identified the need to assess Nigeria‟s hydrokinetic potential with the view to 

developing and indigenising the technology, based on the peculiar hydrology of Nigerian 

rivers, as a national renewable energy resource. 

The assessment of resource potential has long-term benefits of building non-commercial 

knowledgeto support both government and industry and assists in the development of 

hydrokinetic resources. For industry, knowledge of the potential, and where it is located, are 

key pieces ofinformation for early marketing of the technology to developers and funding 

agencies. Government requires reliable technical information as output of research efforts for 

policy and decision-making. It will also benefit remote regions wheredecentralized power 

production from renewable energy sources can bean economically viable optioncompared to 

the high cost of diesel/petrol power production. 

1.4 Research Aim and Objectives 

The overall aim of this research work is to develop, demonstrate and disseminate information 

on the feasibility of hydrokinetic energy conversion technology in Nigeria. However, due to the 

multidimensional and multidisciplinary nature of the work, the research work shall be carried 

out in 4 phases: 

1 Phase 1: Resource assessment and estimation of power potential: The aim of this part of 

the work is to assess the potential of some selected rivers in the Lower Niger River Basin 

for a possible development and deployment of hydrokinetic energy conversion technology 

2 Phase 2: Design, modeling and laboratory experimental testing: Design of the 

hydrokinetic energy conversion device using the parameters obtained from the peculiar 
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hydrology of Nigerian rivers. The design is intended to obtain an optimized, autonomous, 

self regulated, low cost and long life-time device. Further investigation will 

usemodelingtools (FLUENT/Computational Fluid Dynamics CFD software) to analyse the 

behaviour, power and thrust measurements of the design under varying hydrodynamic flow 

conditions 

3 Phase 3: Construction of the electromechanical parts and deployment: 

Development/construction of an indigenous turbine, electrical generator and its ancillary 

electromechanical parts using relatively cheap and locally available materials for future 

hydrokinetic industry 

4 Phase 4: Performance evaluation and hydrodynamic flow studies: Evaluate the 

performance of the developed hydrokinetic energy conversion prototype in a selected river 

with good hydrological parameters to determine electric power output and for the 

experimental validation of simulations results, The study will also determine the actual 

interaction between the fluid flow and the device, effect of floating debris/obstacles, rotor 

yawing, fish survival studies etc 

The first of the phases which is the primary focus for the start of this project is the resource 

assessment stage (Phase I). Streams/rivers in the Lower Niger River Basin has been selected 

first due to proximity. Therefore this report addresses the assessment of the potential of some 

selected rivers in the Lower Niger River Basin for a possible development of hydrokinetic 

energy conversion technology. The specific objectives are: 

1.  Review of  literature on current status of the technology and  determination of the state 

of the art in methodologies applicable for hydrokinetic resource assessment at the 

regional scale; 

2. Identification of feasible rivers for hydrokinetic power development in the Lower Niger 

River Basin. 
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3. Selection of the specific sites along the courses of the selected rivers where 

hydrokinetic turbine can be deployed. 

4. Determination of the average monthly discharge for specific locations the rivers.  

5. Determination of the theoretical hydrokinetic power potential in the study area 

6. Determination of the technically recoverable hydrokinetic potential in the study area 

1.5 Scope of the Study 

Though the computation of the technically recoverable hydrokinetic resource takes into 

account some important limitations, a more comprehensive accounting of additional practical 

constraints on turbine deployment would further reduce the value of the theoretical estimate of 

recoverable resource. Additional data (in situ), assumptions, and highly detailed analysis are 

required to reliably estimatethe practically recoverable hydrokinetic resource. The scope and 

limitations of this study include: 

1.  The scope of this study is to provide regional level hydrokinetic power potential 

estimates. It is not intended for site-specific assessment. 

2.  The study will examine techniques for predicting flows in unregulated rivers. However, 

actual predictionof flows in regulated rivers will not be attempted or considered. 

3.  Impact of sediments and anthropogenic factors affecting the width of Nigerian rivers 

are not explicitly considered in this study. 

4.  This study will consider only average flow velocities within a river cross section and 

will not consider the impacts of irregular velocity distributions in terms of hydrokinetic 

power assessment. 
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CHAPTER TWO 

OVERVIEW OF THE HYDROKINETIC ENERGY CONVERSION TECHNOLOGY 

2.1 Introduction 

Hydrokinetic energy conversion systems has been described as electromechanical energy 

converters that can be deployed not only to convert wave energy and marine currents in oceans, 

but also natural streams like rivers, tidal estuaries, as well as in some constructed waterways 

(Khan et al, 2007; Lago et al, 2010). They are designed to extract the kinetic energy of flowing 

water for driving a generator to produce electricity. They differ from other “run-of-river” or 

“small hydro” turbine systems in that they are virtually zero-head turbines and are not 

constrained in a confined, pressurized flow environment. The available power that can be 

extracted from a hydrokinetic system is a function of the density of the water, the cross 

sectional area of the flowing water channel or the turbine and the speed of the water current. 

The minimum velocity of water current required according to the literature is typically between 

1.03𝑚𝑠−1 and 2.06𝑚𝑠−1. Optimum currents are in the range of 2.57𝑚𝑠−1 to 3.6𝑚𝑠−1 [ACEP, 

2011].  

2.2 Hydrokinetic Energy Conversion 

The energy flux contained in a fluid stream is directly dependent on the density of the fluid (ρ), 

cross-sectional area (A) and fluid velocity cubed. 

Kinetic energy of the flow 𝐾𝐸 =
1

2
m∪𝑜

2 

 m =  mass of the fluid (kg) 

 ∪𝑜= Velocity of the fluid (𝑚𝑠−1) 
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Energy flux contained in the fluid stream  = 
𝐾𝐸

𝑡𝑖𝑚𝑒
 =  

1

2
𝑚 ∪𝑜

2 

 𝑚 = mass flow rate (𝑘𝑔𝑠−1) 

The mass flow rate can also be expressed as  𝑚  =  (ρA∪𝑜 ) 

 ρ = mass density of the fluid. (𝑘𝑔𝑚−3) 

  A = swept area of the rotor blade. (𝑚2) 

∪𝑜= Velocity of the fluid transferred to the rotor blade. (𝑚𝑠−1) 

Energy flux can now be expressed as = 
1

2
(ρ𝐴 ∪𝑜)∪𝑜

2 

    = 
1

2
𝜌𝐴 ∪𝑜

3 

Power coefficient measuring the hydrodynamic efficiency of the turbine 𝐶𝑝and the 

transmission and generator efficiency Ƞ can be computed with the expression for the energy 

flux. 

   𝐶𝑝 =      4𝑎(1 − 𝑎)2          (Guney, 2011) 

Where 𝑎 is the interference factor which is the fractional decrease in water speed between the 

free stream and the rotor plane. 

Power from a hydrokinetic devise can therefore be expressed as: 

P = 
𝟏

𝟐
𝝆𝑨 ∪𝒐

𝟑 ƞ𝑪𝒑     2.1  

Where 𝝆 is the mass density in kgm
-3

 

𝑨 is the swept area of the rotor blade in m
2
 

∪𝒐 is the velocity of the fluid in ms
-1

. 

Ƞis the efficiency of the generator. 

𝑪𝒑is the power coefficient  

2.3 Terminology of Hydrokinetic Energy Conversion Systems  

The name hydrokinetic is interchangeable with similar terms used for related technologies in 

the literature. It is referred to as River Current Energy Conversion System (RCECS)(Khan et 
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al, 2009); it is also called Marine Hydrokinetic devices (MHK) (Kang et al, 2012); Water 

Current Turbines (WCT) (Garman, 1986), (Ponta and Dutt, 2000) and (Verdant Power Canada, 

2006), Ultra-Low-head Hydro Turbine(ULHHT) (Radkey and Hibbs, 1981) ; In-stream Hydro 

Turbine (ISHT) and River In-stream Energy Converter (RISEC) (Dixon, 2007) and Zero Head 

Hydro Turbine (ZHHT) (Gorlov, 2004). For this work it shall be called „hydrokinetic energy 

conversion technology‟ (HECT), as this covers a broader range of river current/tidal schemes.  

2.3 Schemes of Hydrokinetic Energy Conversion Technology 

There are quite a number of hydrokinetic energy conversion systems that utilize some other 

schemes to harness the energy in a fluid stream apart from the use of turbines. The non-turbine 

systems are: Flutter vane, Piezoelectric, Vortex Induced Vibration, Oscillating hydrofoil and 

Sails (Khan et al, 2007; Lago et al, 2010). The turbine system types are: Axial, Vertical axis, 

Cross-flow, Venturi and Gravitational Vortex (Bernistas et al, 2008). At the moment, only the 

turbine model is considered technically feasible while the non – turbine systems are largely still 

at proof-of- concept stage. Figure 2.1 shows some examples of non-turbine systems. 

 

Figure 2.1(a) Vortex Induced Vibration Conceptual Image (b) Oscillating Hydrofoil 

2.4 Hydrokinetic Energy Turbine Systems 
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A typical hydrokinetic turbine system may contain a variety of components like the turbine 

rotor, the gearing/drive train, the power converter, control instruments and protection devices, 

channel augmentation, mounting, mooring etc (Guney and Kaygusuz, 2010; Khan et al, 2009; 

Khan et al, 2007). A sketch of the vertical axis Darrieus turbine system is presented in Figure 

2.2 showing some of the features.  

 

Figure 2.2: Sketch of a typical hydrokinetic turbine system (Source: Khan et al, 2007) 

Hydrokinetic turbine rotors are of different designs based on the prototypes of some hydro 

companies. Classification is presented in figure 2.3. 
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Figure 2.3: Classification of hydrokinetic turbines (Source: Khan et al, 2007). 

The classification was made by considering the placement of the rotor axis with respect to the 

direction of water flow.  

(i) Horizontal axis (comprising of straight and inclined axis) 

(ii) Cross flow 

(iii) Vertical axis 

The axial flow (horizontal axis) turbines has been described as the class of hydrokinetic rotors 

that have axes parallel to the fluid flow and utilize propeller type rotors (Golecha, 2011; 

Garman, 1986; Khan et al, 2009). They look more like modern axial wind turbines. They 

employ the lift and drag type blades. They find their choice of use in the extraction of ocean 

energy and are expensive for small power applications. Some of the inclined axis types have 

been commercialised.Figure 2.4 shows some of the types of horizontal axis hydrokinetic rotors.   
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              Figure 2.4: Axial (horizontal axis) hydrokinetic rotors (Source: Khan et al, 2009). 

The cross flow turbines have rotor axes in orthogonal position to the flow of water but parallel 

to the water surface. They also employ lift and drag blades. They are interesting alternatives 

when one has enough water, defined power needs and low investment possibilities e.g. off grid 

electrification (Chandran et al, 2010). Figure2.5 shows a prototype H-Darrieus Turbine. 

 

                                 Figure 2.5: A prototype H-Darrieus Turbine 
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The last class is that of the Vertical axis. These have their axes orthogonal to the water flow 

and vertical to the water surface. Examples are Gorlov, Darrieus and Savonius turbines. 

Figure2.6 show some of the types of vertical axis hydrokinetic rotors.  

 

  Figure 2.6: Vertical axis hydrokinetic rotors (Source: Khan et al, 2009) 

2.5 Global Outlook of Research, Development and Commercialization Efforts of 

Hydrokinetic Energy Conversion Technologies 

Since the early 1960s world hydroelectric generation has steadily risen, globally, by an average 

of 3% annually. In 2011, hydropower supplies over 15% of the total energy generated globally 

and are represented in over 100 countries. The trend of hydroelectric generation is shown in 

Figure 2.7. 



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

14 
 

 

Figure 2.7: Trend of World Hydroelectric Generation from 1965-2011 (Source: EPI, 2012) 

As the usage of renewable energy technologies (and particularly hydropower) is expected to 

continue to rise in the next few decades, marine and hydrokinetic technology is expected to 

play a key role. Figure 2.8shows the contribution to global energy generation in the coming 

years (Guney and Kaygusuz, 2010). 
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Figure 2.8: Hydrokinetic Energy Capacity Forecast 2009 – 2015 (Source: Guney and 

Kaygusuz, 2010) 

Chart of the projected contributions of the various technologies (wave, tidal, river hydrokinetic 

etc.) involved in hydrokinetic energy generation, up till year 2015, is presented in Figure 2.9.  

 

Figure 2.9: Projected Contributions of Hydrokinetic Technologies by 2015 (Source: Guney and 

Kaygusuz, 2010) 

Power from tidal currents is expected to dominate the hydrokinetic industry, however, river 

current hydrokinetic energy with its advantage of off grid power generation also holds promise, 

particularly for countries with better tidal and river current potentials and developing regions of 

the world. Various developed/developing nations, regions and organizations have been 

working on a variety of ways of adapting this technology.This covers modeling, developing 

prototypes and some to the level of commercialization of this technology).  

Alaska, together with some other parts of USA and Canada, have been much involved in 

resource assessment and technology development through their universities (Universities of 

Washington, Manitoba, Tennessee etc.) research centres (e.g. the Electric Power Research 

Institute, Alaska Hydrokinetic Research Centre etc.), government agencies (National 

Renewable Energy Laboratory, US Department of Energy, National Research Council of 
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Canada etc.) and through private corporations (Hydrovolts, New Energy Corporation etc.) 

(Johnson and Pride, 2010; Previsic and Bedard, 2008; Pierson, 2009; Bear and Wessner, 2013; 

ACEP,2011). 

The Electric Power Research Institute (EPRI) recently completed a mapping and assessment of 

hydrokinetic resources in rivers of the continental United States and found that these 

undeveloped resources could provide 3 percent of the nation‟s annual use of electricity (EPRI, 

2013). Verdant Power Canada developed a 3-bladed axial flow turbine rated 35kW and called 

it Kinetic Hydropower System (KHPS). In 2003, the organization tested a 3m prototype model 

in the East River in New York City and generated 15.5 kW at 2.13 m/s, yielding efficiency 

(Cp) of 43% (Verdant Power, 2006). New Energy Corporation developed the EnCurrent Hydro 

Turbine, which is a vertical axis Darrieus type turbine and which is able to produce 25 kW and 

operate in water velocities of 1.5 to 3.0 m/s (Bear and Wessner, 2013).  It has been observed 

that 25 kW is sufficient to provide power to 20 or 50 North American or European homes 

(YouMakeEnergy, 2012). The turbines can be installed in rivers, irrigation canals, the 

industrial effluents, and even in tides and can range in size from about 3 kW to over 1 MW.  

In Brazil, South America, (Tiago, 2013) demonstrated the generation of AC power directly 

using small axial flow and cross flow turbines. Using ducts, the system was able to power a 

remote medical post in the state of Bahia. Likewise in Argentina some laboratory tests were 

carried out using a channeling device on a vertical axis turbine (Ponta and Dutt, 2000). The 

tests were able to improve the power output. Figure 2.10 shows the examples of Hydrokinetic 

Turbines being developed, (a) Verdant Power‟s Kinetic Hydropower System (KHS) and (b) 

New Energy Corporation‟s EnCurrent Hydro turbine 
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 (a)                                                         (b) 

Figure 2.10: Examples of Hydrokinetic Turbines being developed. (a) Verdant Power‟s Kinetic 

Hydropower System (KHS) and (b) New Energy Corporation‟s EnCurrent Hydro turbine  

 

In South Australia, Kirke (2006) reported some developments and tests conducted on ducted 

(diffuser augmented) water current turbines and highlighted their advantages, while in Taiwan, 

Asia, Falin Chen (2010) investigates and proposes the utilization of the Kuroshio of the North 

Pacific Ocean current to generate 30GW of clean energy. The flow rate was said to be 1000 

times that of the Yangtze River and with an average speed of 1m/s, sustainable power (energy 

security), reduced Green House Gas emissions and lower energy-purchasing cost can be 

achieved. The influence of the deflector plate on the performance of modified Savonius vertical 

axis turbines was investigated in India (Golecha et al, 2011). Testing eight different positions 

of the deflector plate, coefficient of power was increased 50% at the optimal position. Various 

stages of the turbine were also tested.   

In the UK, Bahaj et al (2006) reported about a3-bladed 0.8 meter diameter turbine built which 

was tested in a cavitations tunnel and a towing tank at the University of Southampton. The tests 

which involved power and thrust measurements were able to generate high coefficient of 

performance (0.46). Investigation and modelling of the hydrokinetic energy resource at the 
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Soderfors channel along the Das River in Norway was also done (Lalander, 2010). Four turbine 

configurations were studied and it was shown that changes in the power coefficient were 

prominent only for a vertical shear profile with a strong gradient. 

Likewise in Africa, HydroReview (2012) reported that Hydro Alternative Energy Inc. (HAE) 

has announced its plan to develop a 1MW hydrokinetic project with a South African 

municipality. The company plans to install one of its Oceanus tidal power units at a cost of 

US$20 million. The unit will generate electricity using the Agulhas Current, which flows past 

the city. The viability of the technology was later investigated and some major challenges 

facing the development of the technology in the country were raised (Kazumba and Herman, 

2013). In West Africa, Hydro Alternative Energy (HAE) has announced joint venture 

agreement with MRS Holdings Limited to develop hydrokinetic energy projects in the West 

Africa region and elsewhere. The MOU provides, among other things, for feasibility studies to 

be undertaken for the development and operation of facilities for the production of tidal electric 

power, and for the Government of the Republic of Benin and Cameroon to facilitate access to 

and grant certain exclusivity rights with respect to the project sites that will be selected for the 

feasibility studies and construction of electricity generation facilities (Jupiter, 2011). 

 

 

2.6 Selected Studies on Hydrokinetic Resource Assessments 

This section reviews previously published studies on resource assessment for hydrokinetic 

power development. It also summarizes the findings of each of the studies and discusses the 

approaches taken to estimate the important pre-requisites in resource assessment, including 

flow, geometry, roughness, slope, etc. 

2.7.1 The NRC-CHC Study (2008) 
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Natural Resources Canada in 2008, embarked on a study to develop a methodology to assess 

the hydraulic kinetic energy contained in Canadian rivers. This study provided a technique to 

identify potential sites where hydraulic kinetic turbines could be installed using digital data 

available at the watershed scale. The analysis was based solely on GIS information and 

measured flow information provided by Environment Canada – Water Survey (WSC). A 

software package developed by NRC-CHC, was employed as a platform to prepare the 

methodology. 

This technique employed Digital Elevation Model (DEM) data to estimate channel slopes and 

to delineate drainage areas. Channel widths were determined from published shorelines in 

digital topographic map data provided by Natural Resources Canada. Flows were determined 

using a pro-rated method by drainage area from a hydrometric database, and mean monthly 

flows only were considered. Channel roughness was estimated using a single value for the 

study area. Flow velocities were calculated using the Manning equation. The study represented 

a proof-of-concept, and it illustrated the feasibility and potential utility of the method when 

used with hydrologic software. 

2.7.2 The NYU Study (1986) 

The US Department of Energy also conducted a study to estimate the hydrokinetic resource 

potential in the United States (Miller et al., 1986). The methodology involved first dividing up 

the continental US into 16 physiographic/hydrologic regions. Hydrometric data from gage 

stations were examined and analysis was restricted to river reaches with greater than 113 m
3
/s 

mean flow rate and 1.3 m/s flow velocity. Flow rates were determined for each river by 

developing a relationship between the channel distance to the mouth of the river and the mean 

flow rate. This was done by developing a linear relationship between channel distance to the 

river mouth and the drainage area, and then developing a relationship between drainage area 

and flow rate and combining the two to provide the desired channel distance – flow rate 
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relationship. Channel slope and geometry were estimated from topographic maps and a 

rectangular cross section was assumed. The flow velocities were estimated using the Manning 

equation. The total resource potential was estimated by making some important assumptions 

about turbine configuration. This approach was considered to provide a conservative resource 

estimate and the total US hydrokinetic energy resource was thus estimated to be 12,500 MW, 

with the Western, Northwest and Alaskan areas exhibiting the greatest overall resource 

contributions.  

2.7.3 The EPRI Study (2012) 

This study provides estimates of the gross, naturally available resource, termed the theoretical 

resource, as well as estimates, termed the technically recoverable resource, that account for 

selected technological factors affecting capture and conversion of the theoretical resource. The 

technically recoverable resource does not account for all technical constraints on energy 

capture and conversion. The project team derived an assessment of the hydrokinetic resource in 

the 48 contiguous states from spatially explicit data contained in NHD Plus, a geographic 

information system (GIS)-based database containing river segment-specific information on 

discharge characteristics and channel slope. The team estimated the segment specific 

theoretical resource from these data using the standard hydrological engineering equation that 

relates theoretical hydraulic power (Pth, Watts) to discharge (Q, m
3
s

-1
) and hydraulic head or 

change in elevation (Δ𝐻, m) over the length of the segment, where is the specific weight of 

water (9800 N m-3): 

𝑃𝑡 = 𝛾𝑄 Δ𝐻 

The team estimated the technically recoverable resource by applying a recovery factor to the 

segment-specific theoretical resource estimates. This analysis, which included 32 scenarios, led 

to an empirical function relating recovery factor to slope and discharge. For Alaska, where data 
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on river slope was not readily available, the recovery factor was estimated based on the flow 

rate alone. 

The results showed that segment-specific theoretical resource, aggregated by major hydrologic 

region in the contiguous, lower 48 states, totalled 1,146 TWh/yr. The aggregate estimate of the 

Alaska theoretical resource is 235 TWh/yr, yielding a total theoretical resource estimate of 

1,381 TWh/yr for the continental United States. The technically recoverable resource estimate 

for the continental United States is 120 TWh/yr.It was concluded from the study that while the 

calculation of the technically recoverable hydrokinetic resource takes into account some 

important constraints, a fuller accounting of additional practical constraints on turbine 

deployment would further reduce the portion of the theoretical resource that is estimated to be 

recoverable. The practically recoverable resource remains an unknown – and perhaps small -- 

portion of the technically recoverable resource. Additional data, assumptions, and highly 

detailed analysis are required to reliably estimate the practically recoverable hydrokinetic 

resource. 

 

 

 

 

CHAPTER THREE 

HYDROKINETIC RESOURCE ASSESSMENT:  CONCEPTUAL FRAMEWORK 

3.1 The ESBI Generic Renewable Energy Resource Ranking 
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The ESBI Generic Renewable Energy Resource Ranking (SEI, 2006) provides a systematic 

approach of determining and exploiting renewable energy resources of a locality. It involves 

five resource levels which must be investigated and these are: 

(i) Theoretical Resource: The gross, naturally available resource of in-stream energy 

existing within a given space.  

(ii) Technical Resource: The technical resource is the theoretical resource constrained 

by the efficiency of currently available technology to extract renewable energy from 

the resource.  

(iii) Practical Resource: The practical resource is the technical resource constrained by 

practical, physical or other incompatibilities.  

(iv) Accessible Resource: The accessible resource is the practical resource constrained 

by institutional/regulatory matters that limit energy extraction e.g. environmental, 

energy policy, planning, zoning etc. 

(v) Viable Resource: The viable resource is the accessible resource constrained by 

commercial viability at a particular time in the managed or supported market in 

terms of development cost, scale, resource distribution, market reward level, timing 

or other risk. 

For this work, only the theoretical and technical resource assessments were considered. 

3.2 The Theoretical Resource Assessment:  

The theoretical resource is the segment specific gross naturally available hydrokinetic resource. 

It is the average annual energy available for hydrokinetic technology. Determination of this 

theoretical resource helps to estimate the overall regional available hydrokinetic potential for 

the Lower Niger River Basin in Nigeria. This is far from the power that may eventually be 

tapped in the region as many other factors and constraints will further reduce this. Far more 

detailed study is required to estimate the practical resource and to select candidate sites for 
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hydrokinetic project development. But all the same, the estimate  provides policymakers, 

project developers, hydrokinetic energy device developers, investors, universities, non-

governmental organizations, environmental groups, the Ministries of Science and Technology, 

Power, Water Resources and Environment, the Nigerian Hydrological Agency and all other 

relevant stakeholders, the technical details, feasibility, general magnitude and geographic 

distribution of the riverine hydrokinetic resource across the Lower River Niger watershed. 

A geographic information system (GIS) database that represents the spatial variation in average 

annual power density in units appropriate for each river site and their sub-basins has also been 

generated. It is typically measured in terawatt-hours per year (TWh/yr). 

3.3 Technically Available Hydrokinetic Resource Assessment 

The technically available hydrokinetic resource is defined as the portion of the theoretical 

resource that can be captured using a specified technology. Physical and technological 

constraints, affecting capture and conversion of the theoretical resource, are conceptualized as 

extraction filters. They restrict how much of the theoretical resource can actually be extracted. 

It should be noted that there are other constraints in addition to the ones dealing with energy 

extraction that influence when and where devices can be placed. These are categorised as the 

practical resource. 

3.4 Practically Obtainable Hydrokinetic Resource Assessment  

The practical resource is that portion of the technical resource available after consideration of 

other constraints like social, economic, regulatory, and environmental issues. This report does 

not provide an assessment of the practical resource; nor does it provide the comprehensive 

information needed to site projects. 

3.5 Definition of the Theoretical In-Stream Hydrokinetic Resource 
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The theoretically available in-stream hydrokinetic power in a given river segment Pth(Watts) is 

derived using the standard definition of hydro-power: 

𝑃𝑡 = 𝛾𝑄 Δ𝐻    3.1 

where 𝛾 is the specific weight of water (~9800 N m
-3

), Q is the flow rate (m
3
/s), andΔ𝐻 (m) is 

the change in hydraulic head between the beginning and end of the river segment. 

3.6 Definition of the Technical In-Stream Hydrokinetic Resource 

The technicallyrecoverable in-stream hydrokinetic power in a given river segment Ptech 

(Watts) is the portion of the theoretically available power that can be recovered given selected 

technical constraints and assumptions. To estimate this technical resource, the following 

expression was evaluated for the various locations (on the Moshi, Awun, Oshin, Oyi and Ero), 

using simplified channel geometry and equation 2.1: 

𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝑁𝐴𝑡)    3.2 

where P denotes the recoverable power, Adenotes cross-sectional area of a parcel of fluid, 𝝆 

denotes water density, and ∪𝒐denotes velocity magnitude, ƞ𝐶𝑝 is the product of the efficiency 

and the power coefficient and N is the number of turbines in the river segment.  

Water depth is taken at the 25-percentile flow (the flow exceeded 75% of the time)and should 

be greater than or equal to 0.8 m. This is due to the flow variability of the rivers and the 

fraction of months in the year with precipitation. Water-to-wire device efficiency, including 

efficiencies of: rotor, gear box, generator, frequency converter and step-up transformer, is 

taken as 30% (EPRI 2008). 

The technically available hydrokinetic power estimates also incorporate “back effects” of 

energy extraction on river depth and velocity. Chapter 6 of this report provides a detailed 

description of the methodology used to estimate the technically recoverable resource. 
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CHAPTER FOUR 

DESCRIPTION OF THE STUDY AREA 

4.1 The River Basins of Nigeria 
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Nigeria is located in the tropical zone of West Africa between latitudes 4°N and 14°N and 

longitudes 2°2‟E and 14°30‟E and has a total area of 923,768 km
2
.The country is well drained 

with a close network of rivers and streams. Figure 4.1 shows some major rivers in Nigeria. 

There are four principal surface water basins in Nigeria; the Niger River, the Lake Chad, the 

West Coast (sometimes referred to as the south-western littoral basin), and the East Central 

Coast (also known as the south-eastern littoral basin) [42]. 

 

Figure 4.1: Map of Nigeria showing some Major rivers (Source: [43]) 

These four basins are further subdivided into twelve river basin development authorities, i.e. 

the Upper Benue, Lower Benue, Cross Rivers, the Imo-Anambra, Hadejia-Jama‟are, Chad, 

Sokoto-Rima, Lower-Niger, Upper-Niger, Niger-Delta, Benin-Owena and Ogun-Osun Basins 

[43], [44]. Figure 4.2 shows river systems in Nigeria and their organization into River Basins. 

The Lower Niger River Basin is the focus for hydrokinetic resource assessment. Other basins 

will be considered in the future. 
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Figure 4.2: River Systems in Nigeria and their organization into River Basins [43] 

4.2 The Niger River Basin 

About two-thirds of the country lies in the watershed of the Niger River which enters Nigeria 

towards the north-western part of the country and empties itself into the Atlantic Ocean at the 

Niger Delta [15]. The Niger River Basin (comprising the Lower Niger, the Upper Niger, the 

Imo-Anambra and the Niger Delta basins) is a large catchment area with significant water 

resources development potential. It extends across 20 of the 36 states of Nigeria and comprises 

the Niger and the Benue, and then some other major tributaries, more than half of which are in 

the Basin. Almost 60 percent of Nigeria‟s population, or about 67.6 million inhabitants, live in 

the Basin (Andersen et al, 2005). Other major tributaries apart from the Benue in the Northeast 

are Kaduna in the north-central, Sokoto in the north-west and Anambra in the south-east. 

Several other major rivers in the south-western and South-eastern part of the country also 

empty inside the Atlantic Ocean.  

From [43], the drainage systems of all large rivers in Nigeria have typical hydrological patterns 

which can be grouped into three. The first consists of short, relatively swift rivers which are 
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found mainly in the coastal regions and flow directly into the Atlantic Ocean. The second 

category are rivers such as the Sokoto-Rima, the Gongola, Kaduna and Hadejia which are 

rivers mainly of the middle-belt plateau and north which usually have one main peak flood and 

a flow pattern corresponding to the single maximum rainfall season common in the northern 

part of the country. The third hydrological pattern is that which is found in the catchments of 

the Rivers Niger and Benue. These very long rivers, each with several tributaries, have a 

complex flow pattern. There are usually two floods (the white and black flood) which depend 

on rainfall outside Nigeria.  Figure 4.3 shows the demarcated hydrological areas of the country 

together with some major rivers. 

 

Figure 4.3: The Hydrological Map of Nigeria showing Major Rivers (Source: [43])  

Average annual discharge of the Niger at Jebba is 950m
3
/s, Baro 1,370m

3
/s, Lokoja 1,600m

3
/s 

and Onitsha 4,570m
3
/s.  The total surface areas at Baro and Onitsha are 730,000km

2
, and 

1,100,000km
2
 respectively (Anderson et al, 2005). 
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4.3 The Lower Niger River Watershed 

4.3.1: Physical Characteristics 

The Lower Niger River watershed is located in the central area of Nigeria between Latitude 

9.55
0
N, Longitude 3.13

0
E and Latitude 8.52

0
N, Longitude 6.52

0
E (Figure 4.4). It encloses 

Kwara and Kogi States majorly and then some parts of Oyo, Osun and Ekiti states. It is 

bordered on the north by River Niger and the Upper Niger Basin, on the west by Benin 

Republic, on the east by the Benue River Basins and on the south by the Ogun-Oshun River 

Basins. It has a perimeter of about 998 km and an estimated area of 48,600 km
2
 (4,859,960 ha).  

It forms a sub-basin in the existing Niger River basin situated between Hydrological Zone II 

and III of Nigeria.  

The watershed has River Niger as the main river that passes through it and some major 

tributaries. Some of these are River Awun with stream length of 115.5km, catchment area 

613.22 km
2
and average slope of 0.00341081; River Moshi with stream length 232.22 km, 

catchment area 1070 km
2
 and average slope of 0.002309244; River Oshin with stream length 

150 km. Other rivers are Oyi, Oro, Asa, Foma, Oyun etc (Figure 4.4).  Stream networks in the 

watershed are shown in Figure 4.4. There are 131 sub-basins and 181 Hydraulic Response 

Units HRUs in the watershed. Some towns and villages within the watershed area are Ilorin, 

Bode-Saadu, Ajase Ipo, Moshi-gada, Lafiagi, Ejiba and Kpada. 
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   Figure 4.4: 

Location of Study Area within Eight Hydrological Area Map of Nigeria (Source: National 

Hydrogeological Information System (NHIS), Federal Ministry of Water Resources, Nigeria) 

4.3.2 Hydrography and Geology of the Watershed 

The watershed in focus cuts across three of the six hydrographic regions of the entire Niger 

River stretch. Each is distinguished by their topographic and drainage characteristics. These are 

the Middle Niger Left-Bank tributaries which stretch from the Niger-Nigerian border to 

Lokoja, the Benue River which touches the tip of the watershed and the Lower Niger Basin and 

the Niger Delta which begins from Lokoja downwards. Figures 4.5 and 4.6 show the watershed 

and its topography. 

The geologic history of central part of Nigeria, where lies the watershed reveals that much of 

the area is underlain by the rock of basement complex (Precambrian rock) which lies in the 

mobile zone between the West Africa and Congo craton. These rocks consist of migmatite, 

gneiss, schist belt and meta-sedimentary rock intruded by series of granite rock of later 

Precambrian – Palaeozoic age (McCurry, 1976). 

Study Area 
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Figure 4.5: The Lower Niger River Watershed 

 

 

Figure 4.6: Topography of the watershed showing the elevation 

The Lower 

Niger Watershed 

The Lower 

Niger Watershed 
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4.3.3 Climate, Vegetation and Soil Types of the Watershed 

The climate of the study area is that of the tropical savanna which corresponds to Koppen 

classification AW (Elmhurst College, 2014). These climates have an elaborate dry season, with 

little or no precipitation during the harmattan while the rainy season does not produce as much 

rains as the tropical rainforest which operates in the southern regions. Rainfall totals around 

central Nigeria, where lies the watershed, varies from 1,100 mm in the lowlands to over 

2,000 mm in the highlands. Temperatures are usually above 18 °C (64 °F) throughout the year. 

They are usually at their lowest in January and December. The harmattan season is between 

December and March while the rains fall between April and November.  

The vegetation of the area comprises of guinea savannah zone in the north-eastern part of the 

watershed and rain forest in the south-western part. The vegetation is wood land with dense 

shrubs and grasses in the northern part and dense forest and tall grasses with tall trees in the 

southwest. Agriculture is the major economic activity of the people in the area.  

Soil types in Nigeria are influenced by and follow very broadly, the climatic and vegetation 

zones of the country. A large proportion of the land area is characterized by ferruginous 

tropical soils on crystalline acid rocks. The northeastern part, particularly Edu and Patigi local 

government areas, is dominated by red ferralsols on loose sandy sediments, while the bank of 

River Niger is characterized by alluvial and hydromorphic soils (FAO, 2012).  

4.4 Selected Rivers in the Watershed 

The rivers in the watershed were understudied to assess their potential for hydrokinetic energy 

conversion technology. Various sites were picked along the river courses based on 

reconnaissance surveys during the early rainy period, study of satellite imageries, availability 

of river gauging stations and information from local residents. The rivers were shortlisted to 10 

for detail analysis and further studies. They are:  
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(i) River Oshin at: Oro and Bode Saadu in Kwara State 

(ii) River Oro at:  Ajuba in Osi LGAand Lafiagi in Kwara State. 

(iii) River Moshi at:  Moshi-gada and Maje village in Kwara State 

(iv) River Oyi at: Ejiba in Kogi State and Kpada in Kwara State 

(v) River Awun at: Olooru and Aderan in Kwara State. 

Figures 4.7 and 4.8 show the stream network of the major rivers in the watershed. A close 

observation of Figure 4.8 shows that almost all the rivers originate from the south-western 

highlands and flow northward to the Niger.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Stream Network of the Rivers in the Lower Niger River Basin. 
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Fig. 4.8: Stream networks of the rivers in the watershed and its topography 

4.5 River Oshin  

The Oshin River runs from Ila in Osun State Nigeria, through Esie, Oro, Ajase Ipo, Iludun, 

Bode Saadu and Bacita road and empties into River Niger downstream Jebba Hydropower 

station. The Oshin River starts from the south-western highlands in Ekiti State, and flows 

generally northwest. The river is approximately 150 km long and is at an elevation of 58 meters 

above sea level. Two sites are being considered along Oshin: Oro and Bode Saadu. 

4.5.1 Oro Site Description 

Oro is a famous town in Kwara State of Nigeria and one of the largest towns in the state. It is in 

Irepodun local government area (LGA) and the headquarters of Oro district in the LGA. It is 

also an important commercial centre. There Lower Niger River Basin Development Authority 

(LNRBDA) maintains a stream gauging station on the Oshin River at Oro,approximately 50km 

from the Ilorin, the capital city of Kwara State. Figures4.9 and 4.10 show the satellite imagery 

of River Oshin at Esie near Oro as well as a caption of the river. 
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Figure 4.9: Imagery of River Oshin at Oro 

There are 20 years of daily discharge data available (1984-2009; some few years are missing). 

The data was used to establish a database suitable for evaluating hydrokinetic technology. 

 

                                                    Figure 4.10: River Oshin at Oro 

4.5.2 Bode Saadu Site Description 

Bode Saadu is another town along the course of River Oshin. It is 63 km from the capital city 

Ilorin and is located at an elevation of 152 meters above sea level. The population of the town 
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is 171,672 (). Its coordinates are 8°56'60" N and 4°46'60" E. Figure 4.11 shows the imagery of 

Bode Saadu with Oshin being joined by a tributary and flowing from south to north. 

 

                                       Figure 4.11: Imagery of River Oshin at Bode Saadu 

4.6 River Ero 

The Ero River, which has many tributaries, flows from Iddo- Faboro near Ifaki in Ekiti State 

and runs through Ikerin land, Ahun near Oro Ago, Gbugbu, Lafiagi and empties into River 

Niger downstream Jebba. It is approximately 180 km long. Figure 4.12 depicts Ero river and its 

tributaries as it flows into the Niger. Along the river course is a fall called Ero-Omola fall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12: Map showing River Ero-Omola and its tributaries 
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4.6.1 Ajuba Site Description 

This site is located along Osi- Isolo-Ajuba Road off Osi-Idofin road in Ekiti LGA. It is about 

116 km from Ilorin (Figure 4.13). It lies approximately 4km west of Osi on Long. 5°23' E and 

5°30' E; Lat. 8° 05'N and 8°13'N, It covers an area of 9km
2
. The major village in the area is 

Ajuba settlement. Ero-Omola Falls (Figure 4.14) is near Ajuba and lies between Latitude 08
0
 

N and 08״34.6 ׳09
0 

N and between Longitude 05״30.8 ׳09
0
E and 05״07.4 ׳14 

0
 .E״06.7 ׳14 

 

                                 Figure 4.13: Satellite imagery of River Ero at Ajuba 

 

 

                              Figure 4.14: Ero Omola fall at Ajuba, Kwara State, Nigeria 
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4.6.2 Lafiagi Site Description 

Lafiagi is also a major town in Kwara state. It is located at 8° 50' 59" N and 5° 25' 11" E. It is 

the capital of Edu LGA, with a population of 30,976 people (2008 estimate). The site being 

investigated is near the bridge along Lafiagi-Likpata/Pategi road. River Ero flows past the town 

and divides into a delta emptying its content into River Niger. Satellite imagery of Lafiagi at 

the bridge site is shown in Figure 4.15. 

 

    Figure 4.15: Satellite imagery of Lafiagi showing the site near the bridge. 

4.7 River Moshi 

River Moshi runs from Benin Republic, through Ilesha Bariba region in Kwara State Nigeria, 

Moshi forest reserve, Maje village and empties into the Jebba lake. River Moshi is also known 

as Mushim. The river is approximately 232.22 km long. 

4.7.1 The Site at Moshi Gada 

Moshi-Gada is a settlement in Kaiama LGA of Kwara State. It is a small village-like 

community on the road from Kishi to Kaiama. The site proposed for hydrokinetic deployment 
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is at 9
0
 12‟ 57.06‟N and 3

0
 51‟ 38.85”E. Figures 4.16 and 4.17 shows the imagery of the site at 

the bridge and discharge measurements being taken. 

 

Figure 4.16: Satellite Imagery of Moshi Gada showing the site near the bridge 

 

Figure 4.17: River Moshi at Moshi Gada 
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4.7.2 The Site at Maje 

Maje Mazama is a small community of non-Yoruba speaking people in Kaiama LGA of Kwara 

State. The community is located along Aderan and Kusa settlements off Jebba road. It can also 

be accessed through the old Bode Saadu – Kaiama Road.The study site is at 9
0
09” N and 4

0
 26” 

E in the Moshi Forest Reserve. Figure 4.18 shows research personnel wading through the river 

after discharge has been taken at Maje. 

 

 

 Figure 4.18: River Moshi at Maje 

4.8 River Awun 

Awun is a 3
rd

 order river having various tributaries and itself a major tributary of the Niger 

River. It is a combination of some other rivers like Oyun, Asa and Foma which flows past 

Offa, Ilorin, Sobi, Shao, Olooru, Aderan and empties into the Jebba reservoir. The river is 

approximately 115.5km in length. Figures 4.19 and 4.20 show Awun at Olooru and on the way 

to Aderan. 
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 Figure 4.19: River Awun at Olooru 

 

Figure 4.20: River Awun near Aderan 

4.8.1 The Site at Olooru 

One of the sites selected on Awun River is near Olooru in Moro LGA of Kwara State.  It is at 

latitude 8
0
38” N and longitude 4

0
 34” E. It is close to the irrigation sites of the Lower Niger 

River Basin Development Authority. It is less than 20 km from Ilorin. 
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4.8.2 The Site near Aderan 

The other site being investigated is a point along the Aderan – Kaiama road. It is at latitude 9
0
 

03” N and longitude 4
0
 45” E, a few kilometres to the Jebba reservoir. It is almost 80 km from 

Ilorin, the State capital. 

4.9 River Oyi 

River Oyi takes its source from the mid-western highlands and passes through Osin Ikole, 

Ponyan, Iddo, Ejiba, Okolushe Egboro, Kpada and drains into River Niger near Baro, 

downstream Jebba. The river is approximately 120km in length. Figure 4.21 shows Oyi at 

Ejiba. 

4.9.1 The Site at Ejiba 

Ejiba is located in Yagba West of Kogi state. It is located on a trunk A road going to Kabba via 

Isanlu Makutu.  It is at latitude 8
0
18‟ N and longitude 5

0
 37‟60” E and at an altitude of 235 

meters above sea level. The Lower Niger River Basin Development Authority and the Federal 

Roads Maintenance Agency have field officesat Ejiba. It is approximately 150 km from Ilorin. 

 

Figure 4.21: River Oyi at Ejiba 



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

43 
 

4.9.2 The Site at Kpada 

Kpada is a town in Pategi LGA of Kwara State. It is on the route from Pategi to Etchi, Etsuyum 

and Kwapa. It is at latitude 8
0
36‟ N and longitude 6

0
 05‟ E at 111 m average elevation. It is 

close to the irrigation sites of the Lower Niger River Basin Development Authority. It is 

approximately 250 km from Ilorin. Figure 4.22 shows River Oyi at Kpada. 

 

Figure 4.22: River Oyi at Kpada 
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CHAPTER FIVE 

THEORETICAL HYDROKINETIC RESOURCE ESTIMATES 

5.0 Introduction 

This section describes the estimation of the theoretical naturally occurring riverine hydrokinetic 

resource in the Lower Niger River Basin of central Nigeria. The MWSWAT, an open source 

interface to SWAT using the GIS system Map Window, was employed for simulation to 

determine the hydrological parameters of the sub-basins and computation was also made using 

Microsoft Excel to estimate the instantaneous power density along the river reach. 

Meteorological data needed for the simulation was obtained from the Lower Niger River Basin 

Development Authority and the World Meteorological Organisation. 

5.1 The Theoretical Resource Assessment:  

The theoretical resource is the segment specific gross naturally available hydrokinetic resource. 

It is the average annual energy available for hydrokinetic technology.  

The theoreticallyavailable in-stream hydrokinetic power in a given river segment Pth,(Watts) is 

estimated according to the equation, 

𝑃𝑡 = 𝛾𝑄 Δ𝐻    5.1 

Q is the segment specific average water discharge (Q) generated by MWSWAT in units of 

cubic meters per second. Hydraulic head (ΔH) is calculated from segment length and slope. 

𝛾 is the specific weight of water (9800 N m
-3

). 

5.2 Theoretical Description of SWAT Model 

5.2.1 SWAT (Soil & Water Assessment Tool) 

SWAT (Soil & Water Assessment Tool) is a river basin scale model developed to quantify 

the impact of land management practices in large, complex watersheds with varying soils, land 

use and management conditions over long periods of time.  SWAT was originally developed by 
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the United States Department of Agriculture (USDA) to predict the impact of land management 

practices on water in large ungauged basins (Arnold et al., 1995). It is a spatial continuous time 

model that operates on a daily time step with up to monthly/annual output frequency. The 

hydrologic model has the following components: weather, surface runoff, return flow, 

percolation, evapotranspiration, transmission losses, pond and reservoir storage, crop growth 

and irrigation, groundwater flow, reach routing, nutrient/pesticide loading and water transfer.  

5.2.2 Procedure of SWAT  

It divides a catchment into sub-catchments. Each sub-catchment is connected through a stream 

channel and further divided into a Hydrologic Response Unit (HRU). The HRU is a unique 

combination of a soil and vegetation types within the sub-catchment. The model calculations 

are performed on a HRU basis and flow and water quality variables are routed from HRU to 

sub basins and subsequently to the watershed outlet.   

5.2.3 Equations in SWAT Used for Hydrologic Modeling  

The simulation of hydrologic cycle by SWAT is based on the water balance 

𝑆𝑊𝑡 = 𝑆𝑊𝑜 +  (𝑅𝑑𝑎𝑦 − 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎
𝑡
𝑖=1 − 𝑊𝑠𝑒𝑒𝑝 − 𝑄𝑞𝑤 )𝑖  5.2 

Where  SWt is the final soil water content (mm water), SWo is the initial soil water content in 

day i (mm water), t is the time (days), Rday is the amount of precipitation in day i (mm water), 

Qsurf is the amount of surface runoff in day i (mm water), Ea is the amount of 

evapotranspiration in day i (mm water), Wseep is the amount of water entering the vadose  zone 

from the soil profile in day i (mm water), and Qgw is the amount of return flow in day i (mm 

water).  
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The estimation of surface runoff can be performed by the model using two methods. These are 

the SCS curve number procedure USDA Soil Conservation Service and the Green & Ampt 

infiltration method (Neitsch, et al., 2005).  The SCS curve number is described below 

𝑄𝑠𝑢𝑟𝑓 =
 𝑅𝑑𝑎𝑦 −0.2𝑆 

2

 𝑅𝑑𝑎𝑦 +0.8𝑆 
    5.3 

In which, Qsurf is the accumulated runoff or rainfall excess (mm), Rday is the rainfall depth for 

the day (mm), S is the retention parameter (mm). The prediction of lateral flow by SWAT 

model is achieved using 

𝑞𝑙𝑎𝑡 = 0.024
 2𝑆𝑆𝐶𝑠𝑖𝑛 ∝ 

𝜃𝑑𝐿
   5.4 

Where qlat = lateral flow (mm/day); S= drainable volume of soil water per unit area of saturated 

thickness (mm/day); SC= saturated hydraulic conductivity (mm/hr); L= flow length, α= slope 

of the land, 𝜃𝑑= drainable porosity. The estimation of the base flow is done using  

𝑄𝑔𝑤𝑗 = 𝑄𝑔𝑤𝑗 −1. 𝑒(−𝛼𝑔𝑤  .∆𝑡) + 𝑤𝑟𝑐𝑟𝑔  . (1 − 𝑒(−𝛼𝑔𝑤  .∆𝑡) 5.5 

Where Qgwj = groundwater flow into the main channel on day j; αgw =base flow recession 

constant; Δt= time step. 

5.3 SWAT Input Data 

 Digital Elevation Model (DEM) of 90 × 90 resolution was used as the topographic map. This 

was sourced from the Shuttle Radar Topographical Map (SRTM).  Slope, aspect and drainage 

maps were extracted from the processed DEM. Land use map, of 1km resolution, was also 

inputted into the model.  This was sourced from Global Land Cover Classification Satellite 

Raster. Soil map from FAO‟s Digital Soil Map of the World, and of 10km resolution was used. 

Daily metrological data (precipitation, maximum and minimum temperature, relative humidity, 

solar radiation) were obtained from Lower Niger River Basin Development Authority and from 

the World meteorological Organization. Table 5.1 shows sources of data and maps used. 
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Table 5.1: Modeling Input data, their sources and resolution. 

 

5.4 Configuring and Running MWSWAT 

As a first step to the modeling/simulation process, all required spatial input datasets (DEM, 

LUM, Soil map) for MWSWAT are set to the same projection. Then Automatic Watershed 

Delineation (AWD) is launched from the model interface and the base DEM selected. A total 

of 131 sub-basins were delineated after running AWD as seen in Figure 5.1 

 

Figure 5.1: Delineation of Study Area into Sub basins 

S/N Data Type Description Resolution Source Remark

Topographic Map Digital Elvation Model (DEM) 90mX90m SRTM

Shuttle Radar 

Topographical 

Mission

Land Use Map Land Use Classification 1Km GLCC

Global Land Cover 

Classification, 

Satellite Raster 

Soil Map Soil Types and Texture 10Km FAO
Digital Soil Map of 

the World

Weather

Daily precipitation, Min and Ma 

Temp, Relative Humidity,, Wind, 

Solar Radiation

NIMET, Jebba 

and Kainji 

Hydropower 

Station

 

Daily 
LNRBDA Daily 

Evapotransp

. 
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The creation of Hydraulic Response Units HRUs follows thesub basin creation. These are 

further sub-divisions that make use of the particular soil and landuse /slope range combination.  

Below isFigure 5.2 showing the division into HRUs and sub basins and Figure 5.3 showing 

stream network of the rivers and the HRUs.   

Figure 5.2: Watershed showing sub basins and HRUs 

 

Figure 5.3: Subdivisions into Hydrological Response Units 
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Simulation is then initiated using SWAT. Weather values are selected from their sources in the 

SWAT database.  For the initial run of the model, simulation period was set from   01 January 

2000 to Dec 31 2010. All the necessary files needed to run SWAT were written at this level 

and the appropriate selection of weather sources done before running the SWAT executables. 

5.5 MWSWAT Preliminary Results Generated 

MWSWAT output can be visualized by making a results shape file showing the sub basins of 

the watershed, and then the SWAT outputs are displayed by colouring the sub basins according 

to the value of the output. This involves making the output values an attribute of the shape file. 

Figure 5.4 shows the maximum discharge entering each sub basin. 

 

Figure 5.3: Maximum discharge entering the Sub basins 

The output in spatial form of the computed mean annual flow entering and leaving each sub 

basin is presented in Figures 5.4 and 5.5 respectively. 
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Figure 5.4: Computed mean annual flow entering the sub basins 

 

Figure 5.5: Computed mean annual flow leaving the sub basins 

5.6 Estimation of the Theoretically Available Hydrokinetic Resource 

The estimate of the theoretical resource for the Lower Niger Basin and its rivers are computed 

using the hydrological engineering equation. Table 5.2 presents the hydraulic parameters of the 

river sites; the slope, ΔH etc. The estimated mean annual flow and their respective mean 



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

51 
 

hydrokinetic potential are also presented in Table 5.3. Figure 5.6 shows the mean annual 

discharge of the rivers along the sub basins. Fig 5.7 shows the power along the sub basins. 

Table 5.2: River sites and their hydraulic parameters 

 

River S/BASIN Order Length Slope Straight_L ΔH

Moshi 8 1 6046.1 0.00496 5469.5 27.13892

78 1 14921.8 0.00275 12186.4 33.48396

83 1 24579.0 0.00391 19245.1 75.16714

90 1 4895.1 0.00409 3850.8 15.73321

98 1 6342.7 0.00347 5044.0 17.4955

99 1 13416.9 0.00216 11536.0 24.93446

106 1 11171.2 0.00206 9274.6 19.09513

107 1 18003.6 0.00411 13643.5 56.07865

108 1 3153.7 0.00349 2719.1 9.484023

Awun 57 1 5551.0 0.00216 4540.5 9.815572

85 1 13789.2 0.00276 11598.5 31.96283

86 1 49262.4 0.00388 35781.0 138.7301

97 1 118123.6 0.00220 78342.1 172.4376

Oyi 65 1 15060.4 0.00286 12600.8 35.9775

81 1 883.1 0.00226 754.1 1.707779

88 1 9295.1 0.00172 7777.2 13.38717

93 1 26108.7 0.00153 20807.8 31.87866

100 1 570.9 0.00000 533.3 0

102 1 52382.0 0.00176 34980.9 61.43793

104 1 38873.6 0.00201 26479.5 53.13115

105 1 22598.4 0.00257 15542.7 39.89117

Oshin 60 1 2863.7 0.00105 2586.6 2.709721

95 1 14322.3 0.00265 10883.1 28.87518

103 1 16407.3 0.00189 12522.2 23.65954

Oro 64 1 24869.0 0.00137 17738.1 24.25089

84 1 29616.4 0.00213 22076.4 46.9609

91 1 30738.7 0.00680 23338.1 158.6814

94 1 86849.2 0.00215 51704.2 111.3273

96 1 61310.2 0.00121 50426.7 60.86386

101 1 16511.7 0.00309 11772.1 36.36068
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Table 5.2: Estimated Mean Annual Flow and Their Respective Mean Hydrokinetic Potential 

 

River S/BASIN Length ΔH

MeanAnnual

FLOW(m3/s)

Specific 

weight(ϒ)N/

m3

Hydrokinetic 

Potential(PTH)(

MEAN 

ANNUAL)Moshi 8 6046.1 27.13892 177.17 9800 1.45E+09

78 14921.8 33.48396 235.22 9800 4.00E+09

83 24579.0 75.16714 381.63 9800 1.42E+10

90 4895.1 15.73321 657.42 9800 5.94E+08

98 6342.7 17.4955 947.71 9800 8.65E+08

99 13416.9 24.93446 1300.80 9800 2.82E+09

106 11171.2 19.09513 1422.14 9800 1.74E+09

107 18003.6 56.07865 1555.15 9800 7.50E+09

108 3153.7 9.484023 1638.56 9800 2.53E+08

Awun 57 5551.0 9.815572 191.85 9800 4.37E+08

85 13789.2 31.96283 359.03 9800 3.63E+09

86 49262.4 138.7301 682.14 9800 4.86E+10

97 118123.6 172.4376 1204.99 9800 1.32E+11

Oyi 65 15060.4 35.9775 159.53 9800 4.44E+09

81 883.1 1.707779 320.30 9800 1.26E+07

88 9295.1 13.38717 631.48 9800 1.02E+09

93 26108.7 31.87866 841.41 9800 6.50E+09

100 570.9 0 1024.86 9800

102 52382.0 61.43793 1064.28 9800 2.11E+10

104 38873.6 53.13115 1232.90 9800 1.38E+10

105 22598.4 39.89117 1370.18 9800 6.08E+09

Oshin 60 2863.7 2.709721 263.55 9800 6.87E+07

95 14322.3 28.87518 423.19 9800 3.08E+09

103 16407.3 23.65954 537.53 9800 2.90E+09

Oro 64 24869.0 24.25089 134.50 9800 4.22E+09

84 29616.4 46.9609 286.99 9800 1.02E+10

91 30738.7 158.6814 425.90 9800 3.63E+10

94 86849.2 111.3273 507.46 9800 5.64E+10

96 61310.2 60.86386 698.66 9800 3.01E+10

101 16511.7 36.36068 833.77 9800 4.19E+09

Hydrokinetic 

Potential(PTH)(

MEAN ANNUAL)

47119106.65

77184425.99

281119931.2

101365098

162490266.4

317859446

266128965

854663543.9

152293121.7

0

18454904.02

112462034.5

927409315

2036290697

0

0

56247492.91

5360596.99

82846462.53

262866066.5

0

640792181.8

641951228.5

535648377.7

0

6998598.709

119753670.3

124633915

0

31965292.56

132076426.8

662309669.5

553641351.9

416727596.4

297102762.4

Mean Annual 
HK. 

Ptheoretical(Wat
ts) 
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It can be observed that Awun at Sub-basin 97 holds the highest potential.  Aderan is in the sub-

basin. Sub-basin 91 in Oro also holds the highest potential -Ahun near Oro-Ago. 

 

Figure 5.6: Chart showing the mean annual discharge for the five rivers 

 

Figure 5.7: Mean Annual Discharge of the Rivers along the Sub Basins. 
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Fig 5.8: The Theoretical Hydrokinetic Power Resource along the Sub Basins 

Sub-basin 107 in Moshi holds the highest potential for the river followed by 106. Maje is in 

sub-basin 106. The 93
rd

 sub-basin in Oyi River holds the highest potential. Kpada and Ejiba are 

also having considerable potential along the Oyi. Sub-basin 103 holds the highest potential on 

River Oshin. This is downstream Jebba. Bacita road is accessible and has good potentials too.  

 

There are naturally occurring potentials of this technology in the Lower Niger River Basin. The 

estimate of the annual theoretical hydrokinetic resource for the watershed totals 9.925GW 

(9,925,762,546Watts) i.e. 87 TWh/yr (Table 5.3). River Moshi has the highest annual discharge 

(8315.78 m
3
/secs), while Oshin has the lowest (1224.27 m

3
/secs). Also, Awun has the highest 

annual theoretical potential of 3.090 GW while Oshin has the lowest (0.251 GW).  
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Table 5.3: Rivers, their Average Discharge and the Theoretical Hydrokinetic Resource 

S/N Rivers Average Discharge 

(m
3
/secs) 

Theoretical Hydrokinetic Resource 

(Annual Power Estimate, GW) 

1 Moshi 8315.78 2.260 

2 Awun 2438.01 3.090 

3 Oyi 6644.93 2.230 

4 Oshin 1224.27 0.251 

5 Oro 2887.28 2.094 

TOTAL 9.925GW 
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CHAPTER SIX 

ESTIMATING THE TECHNICALLY AVAILABLE IN-STREAM 

HYDROKINETIC RESOURCE 

6.1 Introduction 

This section describes the estimation of the technically available, riverine hydrokinetic 

resource in the Lower Niger River Basin of central Nigeria.  The technically recoverable 

hydrokinetic power in a given river segment can be broadly defined as the amount of power 

that could be recovered given contemporary technologies. It reduces the amount of the 

theoretical resource as a result of some technical constraints and assumptions. Estimation of the 

technically recoverable resource follows the expression: 

  𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝𝑁𝐴𝑡        6.1 

where P denotes the recoverable power, A denotes cross-sectional area of the fluid or swept 

area of the turbine, 𝝆 denotes water density, and ∪𝒐denotes velocity magnitude, ƞ𝐶𝑝 is the 

product of the efficiency and the power coefficient and N is the number of turbines in the river 

segment.  

6.2 Stages of Technical Resource Assessment 

There are various degrees of investigation involved in determining the technically available 

hydrokinetic resource.  From NRCan (2010), it is divided into five (5) stages: Pre-

reconnaissance, Reconnaissance, Pre-feasibility, Feasibility, and Determination of the 

Hydrokinetic Power potential. Relevant information and tools dealing with the hydrology, 

topography, satellite images and digital elevation models were used together with year round 

on-site measurements for the determination of the hydraulic and hydrological parameters.  

These stages are described below: 
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6.2.1 Pre-reconnaissance:  

This involved the observation of on-line map of the lower Niger River basin noting the 

prominent water bodies and identifying them. Using Google earth, the routes to the rivers and 

the settlements around them were identified. Precipitation records were from meteorological 

stations of Lower Niger River Basin Development Authority (LNRBDA) and the World 

Meteorological Organisation homepage. Delineation of the watershed was carried out 

automatically using the Digital Elevation Model (DEM) on MAPWINDOW (a spatial tool) as 

shown in Figure 6.1 

6.2.2 Reconnaissance:  

Preliminary investigations involved site visitations and rankings; inspection of the river sites to 

obtain geographic, hydrographic or similar data prior to a detailed survey. The river sites were 

shortlisted for the experimental testing of the prototype turbine. This is presented in table 6.1. 

 

Figure 6.1: Delineation of the watershed into Sub-basins 
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6.2.3 Pre-feasibility:   

This involved study investigation of selected sites for narrowing down particular sites along the 

river course and physical site characterisation.  

Table 6.1: River Sites Shortlisted and their Locations 

       River       Town/city  State  

1. Oshin  a. Oro  Kwara State  

 b. Bode Saadu  Kwara State  

2. Ero  a. Ajuba Kwara State  

 b. Lafiagi  Kwara State  

3. Moshi  a. Moshi-gada  Kwara State  

 b. Maje village  Kwara State  

4. Oyi  a. Ejiba  Kogi State  

 b. Kpada  Kwara State  

5. Awun  a. Olooru  Kwara State  

 b. Aderan  Kwara State  

 

6.2.4 Feasibility Studies: 

More detailed physical studies are carried out at this point for the short-listed sites for future 

turbine deployment. At the sites, investigations were carried out to determine:  

(i) Average Discharge – flow rate 

(ii) Average Velocity of the flow 

(iii) Topography of the water channel 

(iv) Bathymetry – To measure depth 

(v) Water level (Stage) at the site. 

(vi) Gradient of the river 

(vii) Alignment of the river 

(viii) Width and depth of the river 
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(ix) The contour of the river bottom 

(x) Cross – Sectional area of the river channel 

(xi) Roughness of the river bottom 

(xii) Obstacles/floating debris 

Other factors considered for potential sites include: 

(i) Nearness to the power grid 

(ii) Site access 

6.3 Hydrologic and Hydraulic Considerations and Analysis of Selected Sites for 

Hydrokinetic Resource Assessment 

6.3.1 Hydrological Considerations for the Selected Sites 

Hydrologic conditions of the upstream of a given location have a direct bearing on the 

available kinetic energy at that location. The climactic conditions, weather/meteorological 

inputs as well as the hydrological characteristics of a watershed determine the flow of a river. 

Flow velocities can then be estimated when factors of channel geometries, channel slope and 

roughness are considered. 

For hydrokinetic technology, specific flow time-series are not essential for hydrokinetic 

resource assessment (NRCan, 2010). However, determination of the time averaged velocity 

frequency distribution is the essential and primary factor in assessing the available kinetic 

energy in a river location. In determining that, an accurate description of the expected flow 

frequency that would help to quantify the river power potential at a given site must be obtained. 

In hydrological terms, the flow duration curve (FDC) is typically employed to describe the 

flow frequency at a location. 
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A Flow Duration Curve (FDC) is a graphical representation of the percentage of time in the 

historical record that a flow of any given magnitude has been equaled or exceeded. It can be 

used to show the percentage of time river flow can be expected to exceed a design flow of 

some specified value (e.g., 50m
3
/s), or to show the discharge of the stream that occurs or is 

exceeded some percent of the time (e.g., 80% of the time) (Oregon State University, 2005).   

For hydrokinetic technology, specific flow time-series are not essential for hydrokinetic 

resource assessment (NRCan, 2010). However, determination of the time averaged velocity 

frequency distribution is the essential and primary factor in assessing the available kinetic 

energy in a river location. In determining that, an accurate description of the expected flow 

frequency that would help to quantify the river power potential at a given site must be obtained. 

In hydrological terms, the flow duration curve (FDC) is typically employed to describe the 

flow frequency at a location. Figures 3.27, 3.28, 3.29 and 3.30 shows the flow duration curves 

of Rivers Ero (Lafiagi), Awun (Olooru), Oshin, Oyi and Moshi. According to Colorado Small 

Hydropower Handbook (Colorado Energy Office, 2014), If the majority of the FDC is a steep 

slope, the curve is indicative of a channel that is highly variable throughout the year and largely 

dependent upon surface runoff. For a curve that has a relatively flat slope, it can be concluded 

that the channel for which it relates has a recharge sourced from surface water or ground water. 

A flat slope at the end of the curve is characteristic of a large amount of storage associated with 

the channel; conversely, a steep slope is indicative of a negligible amount.  However out of the 

FDCs presented that of Lafiagi and Awun shows considerable flow for over 50% of the time. 

This is good for this level of low confidence analysis for hydrokinetic potential.  
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Figure 3.27: Flow Duration Curve for Ero (Lafiagi) 

 

Figure 3.28: Flow Duration Curve for Awun (Olooru) 

 

Figure 3.29: Flow Duration curve for Oshin 
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Figure 3.30: Flow Duration Curve for Oyi 

 

Figure 3.31: Flow Duration Curve for Moshi 
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where V represents the average flow velocity, R represents the hydraulic radius, N represents 

the roughness, S represents the water slope for uniform flow conditions. Hydraulic radius 

(cross-sectional area/wetted perimeter) values for different channel geometries are presented 

below.  

 

Figure 6.2: Hydraulic radius values for Trapezoidal and rectangular open channels flowing 

bank full 

 

Figure 6.3: Hydraulic radius values for Trapezoidal and rectangular open channels flowing 

bank full 

Wetted perimeter is the length across the channel where the stream water is in contact with the 

bed and the banks. The evaluation of the roughness characteristics of the channels can be done 

through selection of the appropriate value based on the standard coefficients that have been 

already computed. 

6.4 Datasets and Field Measurements 

One of the major issues encountered in large scale/regional resource assessmentslike this in 

developing countries is the scarcity or unavailability of required data. In order to overcome 
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these challenges, a hybrid data was used in the creation of database for the estimation of the 

recoverable resource in this study.  This involves combining local and in-situ data gathered 

from field measurements to those obtained from local agencies or with those obtained from 

global database. In some cases, data collections were carried out at selected locations within 

the watershed area and the information derived from the exercise used to supplement the online 

global database.  

Field measurements were taken to obtain the stage, bathymetry and cross-sectional area of 

some parts of the river and these were utilized for determination of the average annual 

recoverable hydrokinetic power potential. Flood rating curve was developed for some sites 

using the available data. This is a graph of discharge versus stage for a given point on a stream, 

usually at gauging stations, where the stream discharge is measured across the stream channel 

with a flow meter. Numerous measurements of stream discharge are made over a range of 

stream stages.  

 

 

Figure 6.4: Rating curve for River Awun 
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Figure 6.5: Rating curve for River Oshin 

 

Figure 6.6: Rating curve for River Oyi 

 

 

Figure 6.7: Rating curve for River Ero 
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Figure 6.8: Rating curve for River Moshi 

6.5 Estimating the Technically Available In-Stream Hydrokinetic Resource 

The technically recoverable hydrokinetic power in a given river segment can be broadly be 

defined as the amount of power that could be recovered given contemporary technologies. 

Obtaining the technically available resource involves first, the determination of a scalar factor 

called recoverable factor. The recovery factor, which is a function of the river slope and 

average discharge, was evaluated and applied to each river segment. Evaluation involves the 

use of Manning‟s equation and the hydrokinetic equation (equations 6.2 and 6.1). 

Two computations were made to obtain the desired results. The first was using the total area of 

selected river channel for determination of the total hydrokinetic power resource assuming 

every portion of the river channel was harvested for hydro mechanical conversion. This gives 

the upper limit of the total technically available in-stream resource in the entire sub-basin. The 

second, which is a more practical approach, considers the energy harvested assuming a number 

of devices of a particular area set in array were deployed in the selected river channel. The 

results obtained give a more practicable technically available hydrokinetic resource. 
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Assumptions/computations 

 Note that the water depths used were mean annual river elevations gotten from gauge 

stations at one point on the river course.  

 The cross section of the water channels were also taken as trapezoidal. 

 “Water to wire” device efficiency was taken as30% (EPRI 2008). This includes 

efficiencies of: rotor, gearbox, generator, frequency converter, and step-up transformer. 

 Aside the velocity, determination of the hydrokinetic power depends also on the area At 

which is either the river cross-sectional area for an assessment of the total energy in the 

river, or the area of the device that will be used to extract the kinetic energy. For this 

study, considering its scope and to generalize the power potential over such a large land 

mass, the river cross sectional area was first used. Then the swept area of a hypothetical 

turbine was considered. 

 For the case of the deployment of the hypothetical turbine, an array of five turbines, 

each of turbine swept area 4m
2
 was used arranged by the rule of thumb with lateral and 

longitudinal device spacing of 0.5D and 5D, respectively. 

 The presence of the hydrokinetic devices in a river slows down the flow of water in the 

channel (i.e., cause “back effects”). However for the sake up having the upper limit of 

the technically recoverable resource, the flow was assumed to be without these effects. 

 The Recovery factor obtained for using the total channel cross-sectional area was 

denoted as Rf1 while that of the turbine swept area denoted as Rf2. 

 The technically recoverable resource was then determined by assigning the recovery 

factors for each river to their respective river segments in the database and determining 

the product of the recovery factors and the theoretical resource, and summing across 

segments. This gave estimates of the annual total recoverable hydrokinetic resource 

both for the total channel area and for turbine swept area. 
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6.5.1 Estimating the Technically Available Hydrokinetic Resource Using the River 

Cross-sectional Area 

A. River Awun at Aderan (sub basin 97), the channel of the site is roughly triangular in 

shape, with an annual average water depth of 1.0053 m and a width of 38.7m.  

(i) Area of the channel calculated was 38.905m
2
 while wetted perimeter was 39.72m. 

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
  = 0.9795m 

(iii) Slope of the channel can be estimated from the attribute table of the MWSWAT 

simulation results as 0.00220.  

(iv) Bottom roughnessn is taken from a table gotten from Chow (1959) for natural channels 

with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s equation 

(6.2), gave 1.54ms
-1

.  

(vi) The hydrokinetic power potential for the location can then be computed  

                   𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝐴𝑡) = (0.5) (1000) (1.54)
3
(0.3) (38.905) 

 = 21,313.69Watts 

  = 21.314 kW 

(vii) The total annual recoverable hydrokinetic power potential for Awun with slope 

0.00220 was obtained as 7,779,500.368Watts i.e.7.78MW. 

(viii) The ratio of the theoretical power estimated and the technically recoverable power i.e. 

Recovery Factor (Rf1) for Awun and with slope 0.0022 was obtained as0.003820. 

 

B. River Oshin at Bode Saadu (sub basin 95), the channel of the site is roughly trapezoidal 

in shape, with an averagewater depth of 1.207m and a width of 21m.  

(i) Areaof the channel calculated was 17.516m
2
 while wetted perimeter was 21.162m. 
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(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
= 0.8277m 

(iii) Slope of the channel can also be estimated from the attribute table of the MWSWAT 

simulation results as 0.00265.  

(iv) Bottom roughness n is taken from a table gotten from Chow (1959) for natural channels 

with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s equation (6.2), 

gave 1.513 ms
-1

.  

(vi) The hydrokinetic power potential for location can then be computed using equation 6.1 

            𝑃   =    
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝐴𝑡)= (0.5) (1000) (1.513)
3
(0.3) (17.516) 

 =9095.029Watts 

=9.1 kW 

(vii) The total annual recoverable hydrokinetic power potential for Oshin with slope 

0.00265 was obtained as 3,319,685.777 Watts i.e. 3.32MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable power i.e. 

Recovery Factor (Rf1) for Oshin and with slope 0.00265 was obtained as 0.0277209. 

 

C. Moshi River at Moshi-gada.(Sub basin 83), the channel of the site is roughly 

trapezoidal in shape; with an average water depth of 1.026 m and a width of 21m.  

(i) Area of the channel calculated was 16.93 m
2
 while wetted perimeter was 21.239 m.  

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
 = 0.7974 m 

(iii) Slope of the channel can also be estimated from the attribute table of the MWSWAT 

simulation results as 0.00391.  

(iv) Bottom roughnessn is taken from a table gotten from Chow (1959) for natural channels 

with weeds and is given as 0.03.  
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(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s equation (6.2), 

gave 1.79 ms
-1

.  

(vi) The hydrokinetic power potential for location can then be computed using equation 6.1:  

𝑃  =     
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝐴𝑡)= (0.5) (1000) (1.79)
3
(0.3) (16.93) 

  =14,622.58 Watts 

  = 14.6 kW 

(vii) The total annual recoverable hydrokinetic power potential for Moshi with slope 

0.00391 was obtained as 5,337,242.37 Watts i.e. 5.3 MW.  

(ix) The ratio of the theoretical power estimated and the technically recoverable power i.e. 

Recovery Factor (Rf1) for Moshi and with slope 0.00391 was obtained as 0.01898. 

 

D. Ero River at Lafiagi(sub basin 101), the channel of the site is roughly trapezoidal in 

shape, with an annual average water depth of 0.929538 m and a width of 73 m.  

(i) Area of the channel calculated was63.208584m
2
 while wetted perimeter was 73.17 m.  

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
 = 0.8634m 

(iii) Slope of the channel can also be estimated from the attribute table of the MWSWAT 

simulation results as 0.00309.  

(iv) Bottom roughness n is taken from a table gotten from Chow (1959) for natural channels 

with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s equation (6.2), 

gave 1.681 ms
-1

.  

(vi) The hydrokinetic power potential for location can then be computed using equation 6.1:  

                𝑃  =   
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝐴𝑡)= (0.5) (1000) (1.681)
3
(0.3) (63.20858) 

 = 45010.2451Watts 
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=45.0 kW 

(viii) The total annual recoverable hydrokinetic power potential for Ero with slope 

0.00309 was obtained as 16,428,739.45Watts i.e. 16.4 MW.  

(ix) The ratio of the theoretical power estimated and the technically recoverable power i.e. 

Recovery Factor (Rf1) for Ero and with slope 0.00309 was obtained as 0.0553. 

E. For Oyi River at Ejiba (sub basin 88), the channel of the site is roughly a flat rectangle, 

with an annual average water depth of 1.40665m and a width of 43 m.  

(i) Areaof the channel calculated was57.673m
2
 while wetted perimeter was 50.957m.  

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
    = 1.13179 m 

(iii) Slope of the channel can also be estimated from the attribute table of the MWSWAT 

simulation results as 0.00172.  

(iv) Bottom roughnessn is taken from a table gotten from Chow (1959) for natural channels 

with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s equation (6.2), 

gave 1.50137 ms
-1

.  

(x) The hydrokinetic power potential for location can then be computed using equation 6.1:  

   𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝐴𝑡)    =   (0.5) (1000) (1.5014)
3
(0.3) (57.673) 

  = 29277.0289Watts 

    =29.3 kW 

(xi) The total annual recoverable hydrokinetic power potential for Oyi with slope 0.00172 

was obtained as 10,686,115.58 Watts i.e. 10.7MW.  

(xii) The ratio of the theoretical power estimated and the technically recoverable power i.e. 

Recovery Factor (Rf1) for Oyi and with slope 0.00172 was obtained as 0.1289. 
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Table 6.2: Selected Channels and their Computed Recovery Factors 

Rivers Mean Velocity 

(m/s) 

Area (m
2
) Discharge (m

3
/sec) Computed 

Recovery Factors 

Awun 1.54 39.72 61.17 0.003728 

Oshin 1.51 17.52 26.50 0.027721 

Moshi 1.79 16.93 30.31 0.018980 

Ero 1.68 63.21 106.25 0.055300 

Oyi 1.50 57.67 86.59 0.128900 

 

 

Figures 6.9 and 6.10 show the relationship between computed Recovery Factors (RFs) and the 

slopes and discharges of the selected river channels. The overall RF can thus be estimated 

based on the relationship with the discharge from Figure 6.10 using: 

𝑅𝐹 = 0.0448𝑙n (𝑄) − 0.1315    6.3 

The above equation was obtained from the trend line of the chart of the Recovery Factor and 

annual mean flow rate obtained from the data of Table 6.2. This recovery factor function was 

applied to the discharge data for individual river segments identified to estimate the technically 

recoverable in-stream hydrokinetic power for those. Table 6.3 shows the values of the 

technically recoverable resource. 
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Figure 6.9: Relationship between Recovery factors and the river slopes 

 

Figure 6.10: Relationship between Recovery factors and the Mean Annual Discharge 
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Table 6.3: The Technically Recoverable Resource using Rf1. 

 

The estimate of the technically recoverable resource using the entire river cross sectional area 

of the areas selected in the watershed totals 1,703 MW i.e. 14.93 TWh/yr (Table 6.4). Here, 

River Awun has the highest technically recoverable hydrokinetic resource potential of 545 

RIVER SUB BASIN SLOPE

Qmean annual 

m3/s Ptheoretical (Watts) Precoverable (Watts)

Moshi 8 0.004962 177.165213 47,119,106.65 4,732,327.62

78 0.002748 235.215995 77,184,425.99 8,731,919.58

83 0.003906 381.625636 281,119,931.24 37,898,035.79

90 0.004086 657.423275 101,365,097.95 16,135,002.06

98 0.003469 947.708754 162,490,266.37 28,527,005.01

99 0.002161 1300.79543 317,859,446.00 60,313,435.39

106 0.002059 1422.14338 266,128,964.99 51,561,006.09

107 0.00411 1555.14752 854,663,543.91 169,009,537.04

108 0.003488 1638.55717 152,293,121.67 30,472,391.16

Awun 57 0.002162 191.853672 18,454,904.02 1,919,340.22

85 0.002756 359.033259 112,462,034.49 14,853,647.37

86 0.003877 682.141892 927,409,314.95 149,155,841.52

97 0.002201 1204.9854 2,036,290,697.48 379,404,082.09

Oyi 65 0.002855 159.531382 56,247,492.91 5,384,931.43

81 0.002265 320.298791 5,360,596.99 680,595.29

88 0.001721 631.479289 82,846,462.53 13,037,822.73

93 0.001532 841.411337 262,866,066.45 44,748,114.47

100 0 1024.86139

102 0.001756 1064.2767 640,792,181.82 115,828,486.87

104 0.002007 1232.89683 641,951,228.51 120,267,673.91

105 0.002567 1370.17779 535,648,377.69 102,885,610.85

Oshin 60 0.001048 263.548452 6,998,598.71 827,415.13

95 0.002653 423.192524 119,753,670.29 16,698,770.24

103 0.001889 537.531511 124,633,914.99 18,714,659.11

Oro 64 0.001367 134.500808 31,965,292.56 2,815,833.66

84 0.002127 286.987387 132,076,426.85 16,118,981.48

91 0.006799 425.9012 662,309,669.51 92,543,530.88

94 0.002153 507.458684 553,641,351.91 81,705,175.64

96 0.001207 698.661305 416,727,596.37 67,469,298.22

101 0.003089 833.774461 297,102,762.36 50,454,923.86



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

75 
 

MWwhile Oshin has the lowest (36 MW).  Figure 6.11 depicts the technically accessible 

hydrokinetic potential along the river reaches in the sub basin. 

 

Figure 6.11: Chart showing the Technically Recoverable Hydrokinetic Potential across 

the Sub-basin 
 

Table 6.4: Rivers and the Technically Recoverable Hydrokinetic Resource 

S/N Rivers Total Average 

Discharge 

(m
3
/secs) 

Technically Available  

Hydrokinetic Resource 

(Annual Power Estimate, MW) 

1 Moshi 8315.78 407.0 

2 Awun 2438.01 545.0 

3 Oyi 6644.93 402.8 

4 Oshin 1224.27                          036.0    

5 Oro 2887.28 311.0 

TOTAL 1,703 MW 
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6.5.2 Estimating the Technically Available Hydrokinetic Resource Using the Turbine 

Swept Area 

For an estimate of the technically recoverable hydrokinetic power potential of the rivers, 

harvesting only the discharge within the turbine swept area, a hypothetical turbine was 

considered. Five cross-flow turbines of diameter 0.8m and length 5m were to be deployed 

laterally (as a cylinder lying on its side). This gave a swept area of 4m
2
 per turbine, totalling 

20m
2
.  

 

 

 

 

Figure 6.12: Sketch of the Hypothetical Turbine and its dimensions 

Device spacing was by the rule-of-thumb.Lateral spacing was 0.5D while longitudinal spacing 

was 5D. The computations follow that of Section 6.5.1. The table below (6.5) presents the total 

annual recoverable hydrokinetic power potential and their respective recovery factors. Details 

of the computation are in Appendix A. 

Table 6.5: Selected River Sectionswith Turbine Swept Area and their Computed  

Recovery Factors 

Rivers Mean Velocity 

(m/s) 

Discharge 

(m
3
/sec) 

Estimated Annual 

Recoverable 

Hydrokinetic Power 

(MW) 

Computed 

Recovery 

Factors 

Awun 1.54 61.17 4.0 0.001964 

Oshin 1.51 26.50 3.8 0.031669 

Moshi 1.79 30.31 6.3 0.022339 

Ero 1.68 106.25 5.2 0.017510 

Oyi 1.50 86.59 3.7 0.044733 
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Multiplying the recovery factors obtained to the Theoretical Hydrokinetic Power estimates and 

totally all through the sub basin gives Table 6.6. The estimate of the technically recoverable 

hydrokinetic resource using the swept area of a hypothetical turbine in the areas selected in the 

watershed totals 200.7 MW i.e. 1.76 TWh/yr. 

Table 6.6: The Technically Recoverable Resource Using Turbine Swept Area Computation 

 

RIVER SUB BASIN SLOPE

Qmean annual 

m3/s Ptheoretical (Watts) Precoverable (Watts)

Moshi 8 0.004962 177.165213 47,119,106.65 1,052,593.72

78 0.002748 235.215995 77,184,425.99 1,724,222.89

83 0.003906 381.625636 281,119,931.24 6,279,938.14

90 0.004086 657.423275 101,365,097.95 2,264,394.92

98 0.003469 947.708754 162,490,266.37 3,629,870.06

99 0.002161 1300.79543 317,859,446.00 7,100,662.16

106 0.002059 1422.14338 266,128,964.99 5,945,054.95

107 0.00411 1555.14752 854,663,543.91 19,092,328.91

108 0.003488 1638.55717 152,293,121.67 3,402,076.04

Awun 57 0.002162 191.853672 18,454,904.02 36,245.43

85 0.002756 359.033259 112,462,034.49 220,875.44

86 0.003877 682.141892 927,409,314.95 1,821,431.89

97 0.002201 1204.9854 2,036,290,697.48 3,999,274.93

Oyi 65 0.002855 159.531382 56,247,492.91 2,516,119.10

81 0.002265 320.298791 5,360,596.99 239,795.59

88 0.001721 631.479289 82,846,462.53 3,705,970.81

93 0.001532 841.411337 262,866,066.45 11,758,787.75

100 0 1024.86139

102 0.001756 1064.2767 640,792,181.82 28,664,556.67

104 0.002007 1232.89683 641,951,228.51 28,716,404.30

105 0.002567 1370.17779 535,648,377.69 23,961,158.88

Oshin 60 0.001048 263.548452 6,998,598.71 221,638.62

95 0.002653 423.192524 119,753,670.29 3,792,478.98

103 0.001889 537.531511 124,633,914.99 3,947,031.45

Oro 64 0.001367 134.500808 31,965,292.56 559,712.27

84 0.002127 286.987387 132,076,426.85 2,312,658.23

91 0.006799 425.9012 662,309,669.51 11,597,042.31

94 0.002153 507.458684 553,641,351.91 9,694,260.07

96 0.001207 698.661305 416,727,596.37 7,296,900.21

101 0.003089 833.774461 297,102,762.36 5,202,269.37
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Here, River Oyi has the highest technically recoverable hydrokinetic resource potential of 99.6 

MW while interestingly; Awun has the lowest (6.1 MW). This may be due to its low recovery 

factor. Table 6.7 shows the upper limit of the total obtainable hydrokinetic resource assuming a 

20m
2
 turbine is deployed 

 

Table 6.7: Rivers and their Estimated Technically Recoverable Hydrokinetic Resource Using a 

20m
2
 Hypothetical Turbine Swept Area 

 

S/N Rivers Total Average 

Discharge 

(m
3
/secs) 

Technically Available  

Hydrokinetic Resource 

Using a 20m
2
 Turbine 

(Annual Power Estimate, MW) 

1 Moshi 8315.78 50.50 

2 Awun 2438.01                          06.10 

3 Oyi 6644.93 99.60 

4 Oshin 1224.27 07.90 

5 Oro 2887.28 36.60 

TOTAL 200.7 MW 
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CHAPTER SEVEN 

CONCLUSION AND FURTHER WORKS 

 

7.1 Conclusion of Phase I of the Project 

A comprehensive regional assessment of the potential for hydrokinetic power has been carried 

out for the Lower Niger River basin which is the first phase of the project. Feasible rivers and 

river sites where hydrokinetic power can be developed in the Lower Niger River Basin were 

determined. Average monthly discharges for specific locations along the courses of the rivers 

were determined. Moshi has an average of 8315.78 m
3
/s, Awun has 2438.01 m

3
/s, Oyi has 

6644.93 m
3
/s, Oshin has 1224.27 m

3
/s and Ero has  2887.28m

3
/s. 

 Likewise the theoretical hydrokinetic power potential in the study area was computed using 

the MWSWAT modeling tool. The total theoretical resource for the watershed is 9.925GW 

(9,925,762,546Watts) i.e. 35.733 TWh/yr and the total technically recoverable resource is 

868.5MW i.e 7.613 TWh/yr. These values may further reduce when other factors surrounding 

turbine design, type, efficiency and deployment together with local permits, river use, 

accessibility etc. are considered. However, the above gives the estimates of the resource in the 

Lower Niger basin. 

7.2 Further Works 

This report forms the first phase of the study on the development of the hydrokinetic energy 

conversion technology in Nigeria.  

Future efforts in in-stream resource assessment shall estimate the distribution of technically 

recoverable resource across the range of flows at all locations. This is particularly important as 

rivers and streams exhibit large annual and inter annual variation in flow. Further works are 
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also still to be done for assessment of the practicable, accessible and viable hydrokinetic 

resource potential in the region.  Likewise the other phases of the study include: 

 Phase 2: Design, modeling and laboratory experimental testing:  

 Phase 3: Construction of the electromechanical parts and deployment to site:  

 Phase 4: Performance evaluation and hydrodynamic flow studies:  

The final reports of all four phases shall be made available to stakeholders in the industry 

and the general public. 
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APPENDIX A 

Computation of the Technically Recoverable Hydrokinetic Potential and their Respective 

Recovery factors Using a Hypothetical Turbine  

A. River Awun at Aderan (sub basin 97), the channel of the site is roughly triangular in 

shape, with an annual average water depth of 1.0053 m and a width of 38.7m.  

(i) Area of the channel calculated was 38.905m
2
 while wetted perimeter was 

39.72m. Swept area covered by five turbines when calculated was 20m
2
. When 

they are spaced by 0.5D, total area covered was 28m
2
.  

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
   = 0.9795m 

(iii) Slope of the channel can be estimated from the attribute table of the MWSWAT 

simulation results as 0.00220.  

(iv) Bottom roughnessn is taken from a table gotten from Chow (1959) for natural 

channels with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s 

equation (6.2), gave 1.54 ms
-1

.  

(vi) The hydrokinetic power potential using At as the turbine swept area can then be 

computed as          𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝑁𝐴𝑡) 

= (0.5) (1000) (1.54)
3
(0.3) (5)(4.0)   = 10.9568 kW 

(vii) The total annual recoverable hydrokinetic power potential for Awun with 

slope 0.00220 was obtained as 3,999,229.08 Watts i.e. 4.0MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable 

power i.e. Recovery Factor (Rf2) for Awun and with slope 0.0022 was obtained as 

0.001964. 
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B. River Oshin at Bode Saadu (sub basin 95), the channel of the site is roughly trapezoidal 

in shape, with an average water depth of 1.207m and a width of 21m.  

(i) Area of the channel calculated was 17.516 m
2
 while wetted perimeter was 21.162 

m. Swept area covered by five turbines when calculated was 20m
2
. When they are 

spaced by 0.5D, total area covered was 28m
2
. 

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
   = 0.8277m 

(iii) Slope of the channel can also be estimated from the attribute table of the 

MWSWAT simulation results as 0.00265.  

(iv) Bottom roughness n is taken from a table gotten from Chow (1959) for natural 

channels with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s 

equation (6.2), gave 1.513 ms
-1

.  

(vi) The hydrokinetic power potentialusing At as the turbine swept area can then be 

computed as         𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝑁𝐴𝑡)= (0.5) (1000) (1.513)
3
(0.3) (5) (4.0) 

=10.3905 kW 

(vii) The total annual recoverable hydrokinetic power potential for Oshin with slope 

0.00265 was obtained as 3,792,546.403 Watts i.e. 3.80 MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable power 

i.e. Recovery Factor (Rf2) for Oshin and with slope 0.00265 was obtained as 

0.031669. 

 

C. Moshi River at Moshi-gada. (Sub basin 83), the channel of the site is roughly trapezoidal 

in shape; with an average water depth of 1.026 m and a width of 21m.  
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(i) Area of the channel calculated was 16.93 m
2
 while wetted perimeter was 21.239 

m. Swept area covered by five turbines when calculated was 20m
2
. When they are 

spaced by 0.5D, total area covered was 28m
2
. 

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
       = 0.7974 m 

(iii) Slope of the channel can also be estimated from the attribute table of the 

MWSWAT simulation results as 0.00391.  

(iv) Bottom roughnessn is taken from a table gotten from Chow (1959) for natural 

channels with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s 

equation (6.2), gave 1.79 ms
-1

.  

(vi) The hydrokinetic power potentialusing At as the turbine swept area can then be 

computed as      𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝 𝑁𝐴𝑡 = (0.5) (1000) (1.79)
3
(0.3) (5) (4.0) 

= 17.2060 kW 

(vii) The total annual recoverable hydrokinetic power potential for Moshi with 

slope 0.00391 was obtained as 6,280,196.205 Watts i.e. 6.3 MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable power 

i.e. Recovery Factor (Rf2) for Moshi and with slope 0.00391 was obtained as 

0.0223399. 

D. Ero River at Lafiagi (sub basin 101), the channel of the site is roughly trapezoidal in 

shape, with an annual average water depth of 0.929538 m and a width of 73 m.  

(i) Area of the channel calculated was 63.208584 m
2
 while wetted perimeter was 

73.17 m. Swept area covered by five turbines when calculated was 20m
2
. When 

they are spaced by 0.5D, total area covered was 28m
2
.  

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
      = 0.8634m 



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

90 
 

(iii) Slope of the channel can also be estimated from the attribute table of the 

MWSWAT simulation results as 0.00309.  

(iv) Bottom roughness n is taken from a table gotten from Chow (1959) for natural 

channels with weeds and is given as 0.03.  

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s 

equation (6.2), gave 1.681 ms
-1

.  

(vi) The hydrokinetic power potential using At as the turbine swept area can then be 

computed as     𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝑁𝐴𝑡)= (0.5) (1000) (1.681)
3
(0.3) (5) (4.0) 

=    14.2503 kW 

(vii) The total annual recoverable hydrokinetic power potential for Ero with slope 

0.00309 was obtained as 5,201,364.144 Watts i.e. 5.2 MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable power 

i.e. Recovery Factor (Rf2) for Ero and with slope 0.00309 was obtained as 0.01751. 

 

E. For Oyi River at Ejiba (sub basin 88), the channel of the site is roughly a flat rectangle, 

with an annual average water depth of 1.40665m and a width of 43 m.  

(i) Area of the channel calculated was 57.673m
2
 while wetted perimeter was 

50.957m. Swept area covered by five turbines when calculated was 20m
2
. When 

they are spaced by 0.5D, total area covered was 28m
2
. 

(ii) R = Hydraulic radius = 
𝐶𝑟𝑜𝑠𝑠 −𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙  𝑎𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
    = 1.13179 m 

(iii) Slope of the channel can also be estimated from the attribute table of the 

MWSWAT simulation results as 0.00172.  

(iv) Bottom roughness n is taken from a table gotten from Chow (1959) for natural 

channels with weeds and is given as 0.03.  



Assessment of the Potential of the Rivers in the Lower Niger River Basin for Hydrokinetic Energy Conversion Technology 

 

91 
 

(v) Average velocity of the channel at free flow𝑣, computed using Manning‟s 

equation (6.2), gave 1.50137 ms
-1

.  

(vi) The hydrokinetic power potentialusing At as the turbine swept area can then be 

computed as      𝑃 =
1

2
𝜌 ∪𝑜

3 ƞ𝐶𝑝(𝑁𝐴𝑡)    =   (0.5) (1000) (1.5014)
3
(0.3) (5) (4.0) 

   =10.5133 kW 

(vii) The total annual recoverable hydrokinetic power potential for Oyi with slope 

0.00172 was obtained as 3,705,982.411 Watts i.e. 3.71 MW.  

(viii) The ratio of the theoretical power estimated and the technically recoverable power 

i.e. Recovery Factor (Rf2) for Oyi and with slope 0.00172 was obtained as 

0.044733. 
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APPENDIX B 

 

1. River Awun at Olooru    2. River Moshi at Moshi-gada   

 

3. River Oyi at Ejiba     4. River Oro at Gubugbu 

 

5. River Oro at Lafiagi            6. River Oshin at Bode Saadu 

 


