
Impact Factor: 

ISRA (India)       =  1.344 

ISI (Dubai, UAE) = 0.829 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.234  

ESJI (KZ)          = 3.860 

SJIF (Morocco) = 2.031 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

 

 

ISPC Technology and Education, 

Philadelphia, USA  1 

 

 
 

 

SOI:  1.1/TAS     DOI: 10.15863/TAS 

International Scientific Journal 

Theoretical & Applied Science 
  
p-ISSN: 2308-4944 (print)       e-ISSN: 2409-0085 (online) 

 

Year: 2017          Issue: 06      Volume: 50 

 

Published: 16.06.2017        http://T-Science.org  

Ganiyu Adedayo Ajenikoko  

Department of Electronic & Electrical Engineering, 

Ladoke Akintola University of Technology, P.M.B. 4000, 

Ogbomoso, Nigeria 

 ajeedollar@gmail.com 

 

Oluwadamilare Adeniyi Ashafa 

Department of Electronic & Electrical Engineering, 

Ladoke Akintola University of Technology, P.M.B. 4000, 

Ogbomoso, Nigeria  

SECTION 6. Metallurgy and energy. 

 

DEVELOPMENT OF A FLOW RATE MODEL FOR RETROFITTING OF 

DAM FOR HYDROELECTRIC POWER GENERATION 

 

Abstract: Retrofitting is the addition of an existing dam with hydroelectric power generation capabilities. It is 

a cost- effective way of increasing electricity production. Hydroelectric power generation is the electricity 

generated by hydropower and the production of electrical power through the use of the gravitational force of 

falling or flowing water. The cost of hydroelectricity is very low, making it competitive. A dam is used to collect 

water or for storage of water which can be evenly distributed between locations. Dam serves the purpose of 

retaining water, while other structures such as floodgates are used to manage or prevent water flow into specific 

land regions. The acute power outage in Ilorin, the capital city of Kwara state makes most organizations to 

produce below the optimal level. This research paper develops a flow rate model for retrofitting of ASA dam in 

Ilorin, Kwara state for hydroelectric power generation. The available theoretical powers, kinetic energy, potential 

theoretical energy as well as the weekly water levels of Asa Dam were used as input parameters for the 

development of the flow rate model. The flow rate model is then simulated in MATLAB environment to establish the 

linear relationship between the power and the falling height of the dam. The result of the model shows that the 

theoretical power varies linearly as the falling height of water in the dam while maintaining a constant flow rate of 

about 50m3/s. 
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1.0 Introduction  

Hydro-electric power plants convert the kinetic 

energy contained in falling water into electricity 

[[21], [22], [26], [27], [31]]. The energy in flowing 

water is ultimately derived from the sun and is 

therefore constantly being renewed. Energy 

contained in sunlight evaporates water from the 

ocean and deposits it on land in form of rain. 

Differences in land elevation result in rainfall runoff 

and allow some of the original solar energy to be 

captured as hydro-electric power [[28], [29], [30], 

[32]]. 

Most hydroelectric power comes from the 

potential energy of dammed water driving a water 

turbine and generator. In this case, the energy 

extracted from the water depends on the volume and 

on the difference in height between the source and 

the water's outflow. This height difference is called 

the head ‘h’. The amount of potential energy in 

water is proportional to the head. To obtain very 

high head, water for a hydraulic turbine may be run 

through a large pipe called a penstock [[5], [9], [12], 

[16], [25]]. 

       

1.1 Advantages of hydropower 

 

Hydropower has the following advantages over 

other forms of energy production in terms of 

economics, social and environmental impacts [[1], 

[3], [2], [7], [8], [20], [23]]: 

i. Hydropower is a form of clean renewable and 

sustainable energy as it makes use of the energy 

in water due to flow and available head without 

actually consuming the water itself. Unlike the 

burning of coal, oil and natural gas, it does not 

emit any atmospheric pollutants such as carbon 

dioxide, sulphur oxides, nitrous oxides or 

particulates such as ash. 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:ajeedollar@gmail.com
http://s-o-i.org/1.1/TAS-06-50-1
https://dx.doi.org/10.15863/TAS.2017.06.50.1
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ii. Hydropower schemes often have very long 

lifetimes and high efficiency levels. Operating 

costs per annum can be as low as 1% of the 

initial investment costs. 

iii. Hydropower schemes often have more than one 

purpose. Hydropower through water storage can 

be used for flood control and can supply water 

for irrigation or consumption and dams 

constructed for hydropower can also be used for 

recreational purposes. Different forms of 

hydropower including reservoir, pumped 

storage and run-of-river systems of various 

sizes are available and can be used for different 

forms of electricity generation. 

 

1.2 Reasons for Retrofitting 

 

Some of the reasons for retrofitting are [[4], [6], 

[10], [11]]: 

i. New operation purpose:- Dams could play a 

major role as storage for electricity generated 

from variable renewable energies (wind, solar, 

etc.). Economic benefits of this purpose were 

not considered adequately when assessing the 

viability.. 

ii. Mitigation: As climate change has become a 

major issue, electricity generated from 

hydropower can be a means of achieving 

emission reduction goals.  

iii. Need for power generation: As some reservoirs 

are prone to sedimentation and contamination 

due to extensive use of fertilizers upstream, 

energy could also directly be used for the 

cleaning of the dam.  

iv. Change in political priorities: With respect to 

altered political constellations, economic 

development status or other factors affecting the 

policy priorities might have changed. 

 

Hydro schemes can be classified according to 

the level of power output. A summary of scheme 

classification is given in Table 1 below [[13], [14], 

[15], [17], [18], [19]]. 

 

Table 1 

Classifications of Hydro schemes 

. 

Classification Range Purpose 

(i) Pico Up to 5 kW Small Local Generation-Simple off 

Grid Domicile. 

(ii) Micro 5 kW to 100 kW Small Community off Grid 

Generation. 

(iii) Mini 100 kW to 1 MW Community Generation-either off or 

On-Grid. 

(iv) Small 

(v)         Medium 

(vi) Large 

1 MW to 10 MW 

10 MW to 100 MW 

100 Mw + 

Commercial Scale Generation 

Feeding Grid 

 

2.0 Materials and Method. 

 

2.1   Development of Flow Rate Model  

Basic Assumptions in the development of flow 

rate model: 

i. A set amount of flow is drawn off constantly to 

produce a constant amount of power 

ii. Peak power is produced during the peak times 

of the day by considering daily releases into the 

peak values. 

iii. A variable amount of flow is drawn off up to a 

maximum that the turbine can handle.  

iv. Water is directed from the river to the intake. 

v. The flow of water is decelerated by entering a 

settling tank or forebay in which particles 

suspended in high velocity flows can come to 

rest. The intake and forebay are often protected 

by a trash rack which does not allow large 

floating debris to pass into the penstock and 

turbine. 

vi. The penstock carries the water at pressure to the 

turbine which is situated in the power house 

containing generation and control equipment. 

vii. The water flow then exits the power house 

through the tailrace and back into the main 

water course. 

        

 Consider Figure 1 and 2 below: 
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Figure 1 - Variable Pressure by water height. 

 

 

 
 

Figure 2 - Hydroelectric Power Generation. 

 

For a volume of fluid which is not in motion or 

is in a state of constant motion, Newton's Laws states 

that it must have zero net force on it i.e. the forces 

going up must equal the forces going down. This 

force balance is called the hydrostatic balance.  The 

net force over one point is due to the fluid weight. 

The linear variation of pressure by water height is 

given by. 

𝑃 =  𝑃𝑎 +  𝛾ℎ               (1) 

Where 𝛾  = Specific Weight of the fluid 

Po= Atmospheric pressure 

h= Height 

The velocity at the intake of the system point 1 

is the same as the velocity in point 2, but not 

necessarily the same at the turbine input. This is due 

to the use of nozzles at the pipe end in some cases. 

The continuity equation states that for steady flow in 

a pipeline, the weight flow rate (weight of fluid 

passing a given station per unit time) is the same for 

all locations of the pipe.  

The law of conservation of energy states that 

energy can neither be created nor destroyed.  This 

means that the total energy of a system remains 

constant. The total energy includes potential energy 

due to elevation and pressure and also kinetic energy 

due to velocity.  Considering the system, the total 

energy is 

𝐸𝑡 = 𝑊𝐻1 + 𝑊
𝑃1

𝛾
+ 

1

2

𝑊

𝑔
𝑣1

2 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡     (2) 
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𝑊𝐻1 + 𝑊
𝑃1

𝛾
+  

1

2

𝑊

𝑔
𝑣1

2  = 𝑊𝐻2 + 𝑊
𝑃2

𝛾
+  

1

2

𝑊

𝑔
𝑣2

2  (3) 

 

Where V1, V2 = velocities at the two points 

H1= Losses in pipe 

Equation (3) is known as Bernoulli’s Equation. 

For a pipe in which fluid is flowing with a 

weight flow rate, W that has units of weight per unit 

time, the pipe has two different-size cross-sectional 

areas identified by stations 1 and 2. The continuity 

equation states that if no fluid is added or withdrawn 

from the pipeline between stations 1 and 2, then the 

weight flow rate at stations 1 and 2 must be equal, 

i.e. 

𝑊1 =  𝑊2               (4) 

𝛾𝐴1𝑉1 =  𝛾𝐴2𝑉2       (5) 

The power available from falling water can be 

expressed as 

𝑃𝑡ℎ = 𝜌𝑞𝑔ℎ     (6) 

where   

Pth = available theoretical power 

ρ = density (kg/m3) (~ 1000 kg/m3 for water) 

q = water flow (m3/s) 

g = acceleration due to gravity (9.81 ms-2) 

h = falling height, head (m) 

 

Efficiency 

 

Due to energy loss, the available power will be 

less than the theoretically available power. The 

practically available power is expressed as: 

𝑃𝑎 = 𝜇𝜌𝑞𝑔ℎ   (7) 

where 

    Pa = power available (W) 

    μ = efficiency (in general in the range 0.75 to 

0.95) 

    g = acceleration due to gravity (9.81 m/s2) 

    h = falling height, head (m) 

 

Energy from Hydropower 

 

The potential theoretical energy in a volume of 

elevated water can be expressed as: 

𝑊 = 𝜌𝑉𝑔ℎ               (8) 

Where 

W = energy (J) 

V = volume of water (m3) 

g = acceleration due to gravity (9.81 m/s2) 

 h = falling height, head (m) 

 

Capacity Factor 

 

Capacitor factor (CF) is the ratio of actual output 

to its potential output over a period of time. 

𝐶. 𝐹 =  
(𝐸𝑛𝑒𝑟𝑔𝑦 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (

𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
))

(𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑘𝑊)×8760ℎ𝑜𝑢𝑟
𝑦𝑒𝑎𝑟⁄

     (10) 

 

 

 

Potential energy of water 

𝑃. 𝐸 = 𝑀 × 𝑔 × 𝐻                 (11) 

 

Kinetic energy of water 

𝐾. 𝐸 =  1
2⁄ × 𝑀 × 𝐶2        (12) 

where: 

g is the acceleration due to gravity (9.81 m/s²),  

H is the Effective Pressure Head of water across 

the turbine (m).  

C is the jet velocity of water at the intake of  the 

turbine blade (m/s).  

and: 

jet velocity𝐶 =  √2𝑔𝐻,                   (13) 

The weekly water level reading of Asa Dam 

collated over a period of thirty-six weeks were used. 

The discharge over the dam can be calculated from: 

𝑄 = 1.8(𝐿 − 0.2ℎ)ℎ1.5                   (14) 

where Q is the discharge in m3/h. 

L is the length of the water in ‘m’. 

H is the height of the level of water flowing over 

the veir. 

The amount of water flow rate is expressed as: 

𝐹. 𝑅 =  
𝜋

4
𝑑2√2𝑔𝑍                (15) 

Where: Z is the specific head height in meters, d 

is distance between dams.  

 

Simulation 

The weekly water level readings of the dam over 

a period of thirty six weeks were used as simulation 

parameters for the development of the flow rate 

model for Asa Dam using MATLAB codes. 

 

3.0 Results and Discussions 
 

The measured water level in the dam within the 

thirty six weeks study period is illustrated in Figure 

1. Figure 2 shows the variation of the time and the 

date for the dam for the study period. 

On April 15, 2016, the measured water level was 

1.1 cm at 15.20 hours of the day while the measured 

water level at 14.10 hours on April 22, 2016 was 1.8 

cm. The monthly flow rate of the dam in April 2016 

was 1.511 m3/s with a percentage flow rate of 5%. 

The percentage flow rate varied inversely as the 

monthly flow rate throughout the month of April 

2016. The least and highest percentage flow rate of 

5% and 95% gave corresponding flow rates of 1.511 

m3/s and 0.29 m3/s respectively as illustrated in 

Figure 3.  

The measured water level fluctuates between 2.1 

cm and 2.6 cm in the month of May 2016. In this 

month, the least water level of 2.0 cm was measured 

on the dam on May 16, 2016 at exactly 15.05 hours 

of the day while the highest water level of 2.6 cm 

was measured on the dam on May 21, 2016 at 14.34 

hours of that day. Figure 4 shows the relationship 

between the percentage flow rate and the monthly 

flow rate for May 2016. In this year, a least 
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percentage flow rate of 5% gave a monthly flow rate 

of 1.236 m3/s while the highest percentage flow rate 

of 99% gave a monthly flow rate of 0.09 m3/s 

indicating an inverse relationship between the time 

parameters. 

In the month of June, 2016, the measured water 

level of the dam fluctuated between 2.1 cm on June 

17, 2016 at 14.13 hours of the day to 2.9 cm on June 

21, 2016 at exactly 14.23 hours of the day. This is 

because appreciable level of rainfall was recorded 

and experienced during this month of June, 2016. In 

June 2016, a percentage flow rate of 25% gave a 

monthly flow rate of 1.21 m3/s with an inverse 

correlation between the two parameters as shown in 

Figure 5. 

On July 6, 2016, 2.8 cm was recorded as the 

measured water level of the dam during the 12.35 

hours of the day. The water level fluctuated 

throughout this month between 2.7 cm and 3.2 cm on 

July 10, 2016 and July 21, 2016 during the 13.43 

hours and 14.37 hours of those days respectively. 

This is because more rainfalls were experienced 

during this month as well. Figure 6 shows the flow 

rate for the month of July, 2016. In this month, a 

percentage flow rate of 75% corresponds to a flow 

rate of 0.16m3/s even though, the percentage flow 

rate increases as the monthly flow rate decreases. 

The least measured water level of 2.9 cm was 

recorded on August 13, 2016 during the 15.39 hours 

of the day while the highest water level of 10.3 cm 

was measured on  August 24, 2016 during the 17.25 

hours of the day. This is because this month of 

August marked a month of continuous rainfall during 

the year. The rainfalls experienced during this month 

lasted for a longer period of time and it was 

consistent. The percentage flow rates of 20%, 30% 

and 40% gave corresponding monthly flow rates of 

1.91 m3/s, 1.74 m3/s and 1.51 m3/s respectively for 

August, 2016 thus showing an inverse relationship 

between the two parameters as shown in Figure 7. 

The month of September 2016 witnessed or 

experienced a reduction in level of rainfall compared 

to the previous months . On September 3, 2016, the 

measured water level of the dam was 2.4 cm. the 

least measured water level was 1.7 cm on September 

12, 2016 during the 15.27 hours of the day while the 

15.23 hours of September 29, 2016 witnessed the 

highest measured water level of 6.8 cm even though, 

the measured water levels fluctuated throughout this 

month. Figure 8 illustrates the flow rate for 

September 2016. The percentage flow rate and the 

monthly flow rates are inversely related as seen in 

Figure 8. 

October 2016 witnessed a prolonged shortage of 

rainfall because the least measured water level of the 

dam was 1.1 cm on October 27, 2016 during the 

20..33 hours of the day while the highest measured 

water level of 4.2 cm was recorded on October 4, 

2016 during the 18.26 hours of the day.. The 

correlation between the percentage flow rate and the 

monthly flow rate for the month of October 2016 is 

shown in Figure 9. 

The measured water levels in the dam during the 

month of November reduced appreciably probably 

because this month marked an acute shortage of 

rainfall. The least water level measured on the dam 

was 0.7 cm on November 5, 2016 during the 16.36 

hours of the day while the highest measured water 

level of the dam was 1.3 cm on November 9, 2016 

during the 17.20 hours of that day simply because 

this month marked a period of regular rainfall. Figure 

10 illustrates the relationship between the percentage 

flow rate and the monthly flow rate for the month of 

November 2016. In this month, the least monthly 

flow rate of 1.43 m3/s was recorded while the highest 

monthly flow rate of 0.87 m3/s was recorded with 

percentage flow rate of 5% and 99% respectively. An 

inverse correspondence exists between the two 

parameters as well. 

Figure 11 shows the total monthly flow rate for 

the dam. The percentage flow rates also vary 

inversely as the total monthly flow rate for the dam 

for the study period. The least total monthly flow rate 

is 4.06 m3/s which corresponds to a highest 

percentage flow rate of 99%. 

Figure 12 shows the variation of the power with 

the falling heights. The height undergoes variations 

as the flow rate remains approximately constant. The 

falling height of the water dam was 2m at a 

theoretical power of 100W. The power in this case 

varies linearly as the falling height. Thus, at a power 

of 600W, the falling height was 12m. Figure 13 

shows variation of the flow rate with the falling 

height of the water dam. The flow rate varies 

inversely as the height of the falling water.. A linear 

flow rate model of the form 𝑦 = 0.3014𝑥 + 0.1032  

was developed for retrofitting of dam for 

hydroelectric power generation. 

𝑦 = 0.3014𝑥 + 0.1032 

𝑝 = 𝑞ℎ + 𝑐 
Where: 

y = flow rate model 

x = falling height of water in the dam 

The model will read the input parameters and 

calculate the flow rate of the system. 
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Figure 1 - Measured Water Level versus Date. 

 

 

 
 

Figure 2 - Time versus Date. 
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Figure 3 - Flow rate for April. 

 

 

 
 

Figure 4 - Flow rate for May. 
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Figure 5 - Flow rate for June. 

 

 

 
 

Figure 6 - Flow rate for July. 
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Figure 7 - Flow rate for August. 

 

 

 
Figure 8 - Flow rate for September. 
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Figure 9 - Flow rate for October. 

 

 

 
 

Figure 10 - Flow rate for November. 
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Figure 11 - Total Monthly Flow Rate. 

 

 

 
 

Figure 12 -  Variation of the power with the falling height h. 
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Figure 13 -  Variation of flow rate with the falling height h. 

 

4.0 Conclusion  

 

A linear flow rate model for retrofitting of dam 

for hydroelectric power generation has been 

developed. 

The model development started with the use of 

power available from falling water as input 

parameter with simulation carried out and coded in 

MATLAB. 

The measured water level fluctuates throughout 

the study periods, the percentage flow rate of the 

dam increases as the monthly flow rate decreases. 

The result of the linear model shows that there 

exist a linear correspondence between the theoretical 

power and the falling height of water in the dam 

while the flow rate was held constant at about 

50m3/s. 
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