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Sources of Energy 
  

People have learned how to change energy from one form to 

another so that we can do work more easily and live more 

comfortably. 

Scientists define energy as the ability to do 
work.  



CONT’D 

Sources of energy can be categorized as:- 

Renewable: Is  sources can be /Rehabilitate in a short 

period of time 

  Solar,  

Biomass,  

Hydropower,  

Wind energy 

Geothermal 
               

 



Non-renewable:  
 Petroleum,  
 Coal,  
 Natural gas 

Why Don’t We Use More Renewable Energy? 
•  In the past, renewable energy has generally been more expensive to 

use than fossil fuels.  

•   Renewable resources are often located remote areas and it is 

expensive to build power lines to the cities where they are needed.  

 

The use of renewable sources is also limited by the fact that 

they are not always available  
•  for example, cloudy days reduce solar energy, 

•  calm days mean no wind blows to drive wind turbines,  

•  droughts reduce water availability to produce hydroelectricity).  



Conventional sources  
Thermal power 
Hydropower 
Thermo-nuclear power 

The following Two major sources of power generation may be 

identified on the basis of present day importance: 
 

Unconventional sources 
Tidal power 
Solar power 
Geothermal power 
Wind power 
Wave power 
 



WORLD ENERGY SOURCES  CONTRIBUTION 



2. HYDROPOWER POTENTIAL 

Hydropower Engineering 
 Hydropower engineering refers to the technology 

involved in converting the pressure energy and kinetic 
energy of water into more easily used electrical energy.  

 The electrical energy is obtained from the generators 
coupled to water turbines which convert the hydraulic 
energy in to mechanical energy. This means ; 

 The mechanical energy is produced by running a prime 
mover (turbine) from the energy of flowing water. 

 This mechanical energy is converted to electric power by 
generators which is directly coupled to the shaft of  the 
turbine. 

  
 



 Figure view 



 Hydroelectricity is one of the most mature forms of 

renewable energy.  

 providing more than 19% of the world’s electricity 

consumption from both large and small power plants.  

 Countries such as Brazil, the United States, Canada 

and Norway produce significant amounts of electricity 

from very large hydroelectric facilities.  

 There are also many regions of the world that have a 

Significant(major)  number of small hydro power plants 

in operation, such as  

In China, more than 19,000 MW of electricity is 

produced from 43,000 small hydro facilities  
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 HYDROPOWER POTENTIAL AND                      

ITS DEVELOPMENT IN ETHIOPIA 

 
 It has been used in the water mills, and such practice is 

still under use in some rural areas of the country.  

 The water power use in its more effective form, i.e. 

electricity generation, came to existence in the beginning of 

1930's, when Abasamuel hydropower scheme is 

commissioned in 1932.  

 This station was capable of generating 6MW and 

operational up to 1970.  



CONT’D 

 Hydropower is however the major source of energy in 

Ethiopia because of the following 

 Availability of surface water sources 

 Cheap relative to other sources available 

 Easier to tap 

 HP potential of Ethiopia is huge to 650Twh annual 

electricity generation which is technically feasible. 

 Less than 3% of the economical exploiting potential is 

developed so far.   

 Factors hindering energy development in Ethiopia 

 low economic status of the country 

 Technological know how 

 International politics  



No Power Plant CAP MW system

1 Beles 460 ICS

2 Tekeze 300 ICS

3 Gibe II 420 ICS

4 Gibe I 180 ICS

5 Wakena 153 ICS

6 Fincha 134 ICS

7

Finchaa Amerit 

Neshe 100 ICS

8 Tis Abay I 11.4 ICS

9 Yadot 0.35 SCS

10 Koka 42 ICS

11 Awash 2 36 ICS

12 Awash 3 36 ICS

13 genale dawa III 256 ICS

14 sor 5 SCS

15 dembi 0.8 SCS



SOME HYDRO PROJECT UNDER STUDY 

AND CONSTRUCTION 

No. Project Status CAP MW

1 Grand millinium U. construciton

2 TEKEZE II U.Feasibility Study 450

3 BEKO ABO U.Feasibility Study 1600

4 MENDEYA U.Feasibility Study 2000

5 Gibe VI U.Feasibility Study 1470

6 GIBE 5TH U.Feasibility Study 660

7 WABI SHEBELE Preliminary study 87

8 BIRBIR Preliminary study 467

9 LOWER DEDESSA Preliminary study 613

10 DABUS Preliminary study 427

11 Beshilo Preliminary study 700

12 TAMS Preliminary study 1000

13 GENALE DAWA 5TH Preliminary study 100

Total 9572



BASIC STUDY CONSIDERATION  

 A list of the studies that should be undertaken:  

 Topography and geomorphology of the site. 

 Evaluation of the water resource and its 
generating potential. 

 Site selection and basic layout. 

 Hydraulic turbines and generators and their 
control. 

 Environmental impact assessment and mitigation 
measures.  

 Economic evaluation of the project and financing 
potential. 

 Institutional framework and administrative 
procedures to attain the authorizations.  
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CONT’D 

 On the basis of the experience of some countries, the 

following factors are required for the development of MHP: 

Rich MHP resources and certain loads 

Sufficient funds for the construction of MHP stations  

Expertise in its economic exposition  

Preferential policies from central and local governments  

 



ADVANTAGES AND DISADVANTAGE OF HYDROPOWER 

 

 
 Hydropower has the following advantages over other sources:  

i) Hydropower has a 'perpetual’(never ending) source of energy, while 
thermal power has a depletable fossil fuel source. Besides 
hydropower doesn't consume the water. 

ii) Running cost of hydropower plant is very low compared to 
thermal and nuclear plant. 

iii) Hydropower plants can be brought in to operation in few 
minutes while thermal & nuclear power plants lack this capability. 
particularly useful in taking up short period peak loads in a power 
grid system. 

iv) Efficiency of hydropower system is very high (90-95%), while 
thermal power plants have low efficiency, as low as 40%. 

v) Hydropower development also provides secondary benefit such 
as recreation, fishing, flood control etc, where storage is 
contemplated. 
 



CONT’D 

 Some of the disadvantages of hydropower development 

are: 

i) It is capital intensive & therefore rate of return is low. 

ii) The gestation period is long. This period is low for 

thermal power plants. 

iii) Hydropower is dependent on natural flow of streams. 

Since this is very variable the dependable or firm 

power is considerably low compared to total capacity. 

 



  HYDRAULICS AND HYDROLOGY OF HYDROPOWER 

 Hydraulic theory 

       Energy-work approach: 

 Work (W) = Force x Distance in the direction of force 

 Work = weight of water x the distance it falls = 

 Where: ρw is density of water;  

 g- acceleration due to gravity; 

  Vw- volume of water falling;  

 h - the vertical distance the water falls. 

 It is conventional in hydropower computations to treat h as the 

effective head that is utilized in producing power 



 

 

 

 

 

 

 

 

 

 

 

Bernoulli Equation Approach reading assignment 

 



 ESTIMATION OF WATER POWER POTENTIAL  

 Water Power Potential: It is essential to assess the 
inherent power available from the discharge of a river and 
the head available at the site before any power plant is 
contemplated.  

The gross head of any proposed scheme can be assessed by 
simple surveying techniques, where as hydrological data on 
rainfall and runoff are essential in order to assess the 
available water quantities.  

The following hydrological data are necessary:  

a)the daily, weekly or monthly flow over a period of several 
years, to determine the plant capacity & estimated output. 

 b) Low flows, to assess the primary, firm, or dependable 
power.  

The potential or theoretical power in any river stretch with 
a difference in elevation H is computed from: 
 
 



POWER      
 Which is a power that can be required for useful work by 

overcoming friction loss in watts? 

 

Where   H = head in m 

 Q = Where H = head in m 

Q = discharge of streams in m^3/s 

Pp= Potential (theoretical) power of the stream in KW 
 

 

 

 

 

 



CON 

1 hp = 736 Watts 

 Pp= 13.33 Q.H (hp)  

The hydraulic power P is given by  

P = η. γ.Q.H = 9.81 η.Q.H (KW)  

Where η = is the total efficiency 

 
From the available stream flow data, one can obtain flow 

duration curve of the stream for a given site by plotting 

the discharge against the percentage duration of the 

time for which it is available.  

Similarly, power duration curve can be plotted since 

power is directly proportional to the discharge and 

available h 



 Hydrology of hydropower 

 Parameters necessary in making hydropower studies are water 

discharge (Q) and hydraulic head (h).  

 The measurement and analyses of these parameters are primarily 

hydrologic problems. 

 Determination of the head for a proposed hydropower plant is a 

surveying problem that identifies elevations of water surfaces as 

they are expected to exist during operation of the hydropower plant. 

 

 Because the headwater elevation and tail water elevations of the 

impoundment can vary with stream flow, it is frequently necessary 

to develop headwater and tail water curves that show variation with 

time, river discharge, or operational features of the hydropower 

project. 



FLOW DURATION CURVE 

 



 



 



 



 



 



 



 



2.5  ENERGY AND POWER ANALYSIS 

 



 



 



 



 



 



 



Rank 
Flow in desending 
order  Power(9.81*QH(KW) 

Percentage of time 
exeeded 

1 1150 169223 6.7 

2 1105 162601 13.3 

3 1050 154508 20.0 

4 1025 150829 26.7 

5 925 136114 33.3 

6 905 133171 40.0 

7 885 130228 46.7 

8 865 127285 53.3 

9 850 125078 60.0 

10 810 119192 66.7 

11 775 114041 73.3 

12 715 105212 80.0 

13 675 99326 86.7 

14 625 91969 93.3 

15 590 86819 100.0 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

Classification of Hydropower Plant 

 
 Hydropower plants can be classified into different 

types based on the various criteria, as follow.  

a) classification based on storage(hydraulic) 

characteristics 

i. Run-off river plant 

ii. Storage plant 

iii. Pumped storage plants  

iv. Tidal plants 

  



Cont.… 

i. Run-off river plant 

 Is located on a perennial river in which adequate 
discharge is available through out the year. 

 The plant uses the water as it comes in the river with 
out storing it. 

 These plant are those which utilise the minimum 
flow in a river.  

 A weir (or a barrage) is usually constructed across the 
river to maintain the required water level and the 
head for the power plant located on its side or 
downstream. 



Cont.… 

 The run-off river plants are generally low head plants 

usually have a small pondage on the upstream to 

store some water during off-peak hours, which is 

later utilised during peak hours. 

 The power stations constructed on diversion canals 

(irrigation & power canals) called diversion canal 

plants, can also be placed in this category. 



Cont.… 

ii. Storage plants 

 In storage (or reservoir) plants, a dam is constructed 

to create a large reservoir to permit carry over storage 

from the rainy season to the dry season. 

 These plants can be designed for a constant flow 

much greater than the minimum natural flow 

 The power house may be located at the foot of the 

dam or it may be located much away from the dam 

(on the downstream side) 

 In such a case a power house is located at the end of 

the tunnels which carry water from the reservoir.   



Cont.… 

 When the power house is located near the dam, as is 

generally done in low head installations; it is known 

as concentrated fall hydroelectric development. But 

 When the water is carried to the power house at a 

considerable distance from the dam through a canal, 

tunnel or penstock; it is known as a divided fall 

development. 



Cont.… 

iii. Pumped storage plants  

 A pumped storage plant generates power during peak 
hours, but during the off-peak hours, water is 
pumped back from the tail water pool to the head 
water pool for future use. 

Iv. Tidal plant 

 Tidal plants are designed to make use of high tides 
occurring in the sea for the generation of power.  

 These plants are constructed on the sea shore, and 
therefore do not require any storage of water.  



Cont.… 

b) classification based on load (use) to meet the demand 
for electrical power. 

i. base-load plant 

 A base load plant is designed  to take care of the base 
load of the power system. It is capable of supplying 
continuous power to the system through out the year. 

 Both run-off river plants and storage plant can work as 
base load plants. however, if a runoff-river plant with 
out poundage is designed as a base-load plant, the 
design discharge should be taken as corresponding to 
the minimum flow of the river.  



Cont.… 

ii. Peak-load plants 

 A peak-load plant is designed to take care of the peak 

load of the power system. It operates only during the 

period of the peak load. 

 Pumped storage plants are usually designed as peak-

load plant 



Cont.… 

c) Classification based on head on turbines 

 Low head plants (head < 15 m) 

 Medium head plants (head between 15 – 50 m) 

 High head plants (head between 50-250 m) 

 Very high head plants (head > 250 m) 

d) Classification based on Plant capacity:  

 Micro hydropower plant (has a capacity < 5MW) 

 Medium capacity plant ( has a capacity 5MW to 

100MW)  

 High capacity plants (has a capacity 100 to 1000MW)  

 Super Hydropower plant (has a capacity >1000MW) 



 

 

Principal Components of Hydroelectric Scheme 

 
 A hydroelectric development scheme ordinarily 

includes: 

  a storage or diversion structures,  

 intake structure,  

 conveyance system which carry the water from the 

reservoir to the power house. It may includes canals, 

pipes, penstocks or tunnels    

 Powerhouse which is a building for housing the 

equipment required for generation of power such as 

turbines generators.      



Cont.… 

 In addition to these  

 trash racks at the entrance to penstock, canal and 

penstock gates,  

 A forebay,  

 A surge tank and other accessories may be required 

and also 

 A tailrace channel which is a channel from power 

house back to the river must be provided , if the 

power house situated at such a place that the draft 

tubes can not discharge water directly in to the river. 



 

CONVEYANCES IN HYDROPOWER 

 
 

Tunnels Vs. Canals 

Fore bay design 

Penstocks and Spiral Cases 

 Draft Tubes 
 

 



 Power Canal: In very simple low-head 

installations the water can be conveyed in an 

open channel directly to the runner. Power canal 

settings of turbines do require a protective 

entrance with a trash rack. 

 Head Race: Head race may be a power canal, a 

pressure tunnel, or a pipe, which in most cases 

conveying water from intake structure to surge 

tank, fore bay or pressure shaft, depending on 

the arrangement of the scheme. 

 

 

 



Canals: 

  Canals are appropriate choice when the 
general topography of the terrain is moderate 
with gentle slopes.  

However, when the ground is very steep and 
rugged, it becomes uneconomical to construct 
canals as it follows longer distances and/or 
needs provision of cross-drainage works and 
deep cuts and fills at a number of appropriate 
locations.  

 In such cases, it is advisable to go for tunnels 
or pipes.  

The choice, in fact, has to be made based on 
economic analysis. 

  Where the topography of the region presents 
special formations, the alternating use of open 
canal and open-surface tunnel sections may 
ensure the most economical development. 

 
 



Canal Design: 

Involves determination of the following: 

 Carrying  capacity: velocity of water &roughness coefficient  

 Canal slopes 

 Cross-sectional profile of the canal 

 

Carrying Capacity and Velocity: 

The discharge is computed from continuity equation as Q=VA 

 

The roughness coefficient (n): 

 is specified from the bed material type 

  

Chezy's equation   

 



 To determine the value of C we can use 
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R
n

C 

Apart from the hydraulic computations, the flow 

velocities in the canal or other water conduits in 

general are determined according to economic 

point of views (investments, head losses, wear and 

tear of material, danger of erosion and silting). 
The velocity must be high enough to prevent sedimentation. 

It has to be low enough to prevent bed erosion for unlined 

and wear by abrasion for lined-canals. 

 

 





Power Canal Slopes: 

 In plain areas use slope between 5 to20 cm/km. In mountainous 

areas slopes are as steep as 1 to 2 m/km. The canal bed slope 

can also be estimated using the Manning’s equation: 

 

 

Cross-sectional Profile 

 The material in which the canal is constructed generally dictates its cross-sectional 

profile.  

 The common cross-sections used for canals are  

 semi-circular  

 trapezoidal and  

 rectangular cross-sections 
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