
UNIT – I 
Introduction: 

Electric energy is produced in large quantities at various electric power plants by converting 

different forms of energy fossil fuels, nuclear energy, water power, etc. Electric energy is transformed by 

the use of transformers to different voltage levels most suitable for transmission, distribution and 

consumption. Electric power is transmitted using overhead or cable lines to customers at varied distances 

from its sources. Electric energy is utilized by various conversion devices such as electric motors, electric 

ovens, lighting systems, air condition units, etc. The need for power transmission lines arises from the fact 

that bulk electric power generation is done at electric power plants remote from consumers. However, 

consumers require small amounts of energy and they are scattered over wide areas. Thus the 

transmission of energy over a distance offers a number of advantages such as the following: 

1. Use of remote energy sources. 

2. Reduction of the total power reserve of generations 

3. Utilization of the time difference between various time zones when the peak demands are not 

coincidence. 

4. Improved reliability of electric power supply. 

The different power stations located in different geographical locations are interconnected by 

transmission lines thereby forming a power system network usually referred to as the GRID. This chapter 

presents an overview of the power system structure and principles of power generation. 

STRUCTURE OF POWER SYSTEMS: 

Generating stations, transmission lines and the distribution systems are the main components of 

an electric power system. Generating stations and a distribution station are connected through 

transmission lines, which also connect one power system (grid, area) to another. A distribution system 

connects all the loads in a particular area to the transmission lines. For economical and technological 

reasons, individual power systems are organized in the form of electrically connected areas or regional 

grids (also called power pools). Each area or regional grid operates technically and economically 

independently, but these are eventually interconnected* to form a national grid (which may even form an 

international grid) so that each area is contractually tied to other areas in respect to certain generation 

and scheduling features. Nigeria has a 330kV national grid. 

The major advantages of interconnecting power systems include the following: 

 Increased reliability: In the event of a forced or planned outage of a power station, the affected 

system can be fed from other stations. River flow, storage facilities, floods, and draughts are the 

factors that may affect hydrogenation, for example. Outages can easily be met by load transfer once 

systems are interconnected. 



 Reduction in total installed capacity: In an isolated system reserve units must be maintained 

separately in power station. However, the reduction in total installed capacity depends on the 

characteristics of the interconnected system and the desired degree of service reliability. 

 Economic operation. 

Components of electric power systems: 

There Are 4 Components of Electrical Power System 

1. Power system Generation  

2. Transmission  

3. Distribution  

4. Utilization 

Power system Generation: 

Electricity generation is the process of generating electric power from energy. The fundamental 

principles of electricity generation were discovered during the 1820s and early 1830s by the British 

scientist Michael Faraday. His basic method is still used today: electricity is generated by the movement of 

a loop of wire, or disc of copper between the poles of a magnet. For electric utilities, it is the first process 

in the delivery of electricity to consumers. The other processes, electricity transmission, distribution, and 

electrical power storage and recovery using pumped-storage methods are normally carried out by 

the electric power industry. Electricity is most often generated at a power station by electro mechanical 

generators, primarily driven by heat engines fueled by chemical combustion or nuclear but also by other 

means such as the kinetic energy of flowing water and wind. Other energy sources include solar photo 

voltaic and geothermal power. 

There are seven fundamental methods of directly transforming other forms of energy into electrical 

energy: 

 Static electricity, from the physical separation and transport of charge (examples: triboelectric 

effect and lightning) 

 Electromagnetic induction, where an electrical generator, dynamo or 

alternator transforms kinetic energy (energy of motion) into electricity. This is the most used 

form for generating electricity and is based on Faraday's law. It can be experimented by simply 

rotating a magnet within closed loops of a conducting material (e.g. copper wire) 

 Electrochemistry, the direct transformation of chemical energy into electricity, as in 

a battery, fuel cell or nerve impulse 

 Photoelectric effect, the transformation of light into electrical energy, as in solar cells 

 Thermoelectric effect, the direct conversion of temperature differences to electricity, as 

in thermocouples, thermopiles, and thermionic converters. 
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 Piezoelectric effect, from the mechanical strain of electrically anisotropic molecules or crystals. 

Researchers at the US Department of Energy's Lawrence Berkeley National Laboratory (Berkeley 

Lab) have developed a piezoelectric generator sufficient to operate a liquid crystal display using 

thin films of M13 bacteriophage.  

 Nuclear transformation, the creation and acceleration of charged particles 

(examples: betavoltaics or alpha particle emission) 

 Static electricity was the first form discovered and investigated, and the electrostatic generator is 

still used even in modern devices such as the Van de Graaff generator and MHD generators. 

Charge carriers are separated and physically transported to a position of increased electric 

potential. 

 Almost all commercial electrical generation is done using electromagnetic induction, in 

which mechanical energy forces an electrical generator to rotate. There are many different 

methods of developing the mechanical energy, including heat engines, hydro, wind and tidal 

power. 

 The direct conversion of nuclear potential energy to electricity by beta decay is used only on a 

small scale. In a full-size nuclear power plant, the heat of a nuclear reaction is used to run a heat 

engine. This drives a generator, which converts mechanical energy into electricity by magnetic 

induction. 

 Most electric generation is driven by heat engines. The combustion of fossil fuels supplies most 

of the heat to these engines, with a significant fraction from nuclear fission and some 

from renewable sources. The modern steam turbine (invented by Parsons in 1884) currently 

generates about 80% of the electric power in the world using a variety of heat sources. 

 

Electric-power transmission: 

 

 Electric-power transmission is the bulk transfer of electrical energy, from generating power 

plants to electrical substations located near demand centers. This is distinct from the local wiring 

between high-voltage substations and customers, which is typically referred to as electric power 

distribution. 

 Transmission lines, when interconnected with each other, become transmission networks. In the 

US, these are typically referred to as "power grids" or just "the grid." In the UK, the network is 

known as the "National Grid". North America has three major grids, the Western 

Interconnection, the Eastern Interconnection and the Electric Reliability Council of Texas (ERCOT) 

grid, often referred to as the Western System, the Eastern System and the Texas System. 
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 Historically, transmission and distribution lines were owned by the same company, but starting in 

the 1990s, many countries have liberalized the regulation of the electricity market in ways that 

have led to the separation of the electricity transmission business from the distribution business.  

 Most transmission lines use high-voltage three-phase alternating current (AC), although single 

phase AC is sometimes used in railway electrification systems. High-voltage direct-

current (HVDC) technology is used for greater efficiency in very long distances (typically hundreds 

of miles (kilo meters), or in submarine power cables (typically longer than 30 miles (50 km)). 

HVDC links are also used to stabilize against control problems in large power distribution 

networks where sudden new loads or blackouts in one part of a network can otherwise result in 

synchronization problems and cascading failures. 

 Electricity is transmitted at high voltages (110 kV or above) to reduce the energy lost in long-

distance transmission. Power is usually transmitted through overhead power lines. Underground 

power transmission has a significantly higher cost and greater operational limitations but is 

sometimes used in urban areas or sensitive locations. 

 A key limitation in the distribution of electric power is that, with minor exceptions, electrical 

energy cannot be stored, and therefore must be generated as needed. A sophisticated control 

system is required to ensure electric generation very closely matches the demand. If the demand 

for power exceeds the supply, generation plants and transmission equipment can shut down 

which, in the worst cases, can lead to a major regional blackout, such as occurred in the US 

Northeast blackouts of 1965, 1977,2003, and other regional blackouts in 1996 and 2011. To 

reduce the risk of such failures, electric transmission networks are interconnected into regional, 

national or continental wide networks thereby providing multiple redundant alternative routes 

for power to flow should (weather or equipment) failures occur. Much analysis is done by 

transmission companies to determine the maximum reliable capacity of each line (ordinarily less 

than its physical or thermal limit) to ensure spare capacity is available should there be any such 

failure in another part of the network. 

 

Electricity distribution systems: 

 Electricity distribution is the final stage in the delivery of electricity to end users. A distribution 

system's network carries electricity from the transmission system and delivers it to consumers. 

Typically, the network would include medium-voltage (1kV to 72.5kV)[1] power lines, substations 

and pole-mounted transformers, low-voltage (less than 1 kV) distribution wiring and some times 

meters. 

 The modern distribution system begins as the primary circuit leaves the sub-station and ends as 

the secondary service enters the customer's meter socket by way of a service drop. Distribution 
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circuits serve many customers. The voltage used is appropriate for the shorter distance and 

varies from 2,300 to about 35,000 volts depending on utility standard practice, distance, and load 

to be served. Distribution circuits are fed from a transformer located in an electrical substation, 

where the voltage is reduced from the high values used for power transmission. 

 Conductors for distribution may be carried on overhead pole lines, or in densely-populated areas 

where they are buried underground. Urban and suburban distribution is done with three-

phase systems to serve residential, commercial, and industrial loads. Distribution in rural areas 

may be only single-phase if it is not economical to install three-phase power for relatively few 

and small customers. 

 Only large consumers are fed directly from distribution voltages; most utility customers are 

connected to a transformer, which reduces the distribution voltage to the relatively low voltage 

used by lighting and interior wiring systems. The transformer may be pole-mounted or set on the 

ground in a protective enclosure. In rural areas a pole-mount transformer may serve only one 

customer, but in more built-up areas multiple customers may be connected. In very dense city 

areas, a secondary network may be formed with many transformers feeding into a common bus 

at the utilization voltage. Each customer has a service drop connection and a meter for billing. 

(Some very small loads, such as yard lights, may be too small to meter and so are charged only a 

monthly rate.) 

 A ground connection to local earth is normally provided for the customer's system as well as for 

the equipment owned by the utility. The purpose of connecting the customer's system to ground 

is to limit the voltage that may develop if high voltage conductors fall on the lower-voltage 

conductors, or if a failure occurs within a distribution transformer. If all conductive objects are 

bonded to the same earth grounding system, the risk of electric shock is minimized. However, 

multiple connections between the utility ground and customer ground can lead to stray 

voltage problems; customer piping, swimming pools or other equipment may develop 

objectionable voltages. These problems may be difficult to resolve since they often originate 

from places other than the customer's premises. 

 

Electric utility: 

 An electric utility is an electric power company (often a public utility) that engages in 

the generation, transmission, and distribution of electricity for sale generally in a regulated 

market. The electrical utility industry is a major provider of energy in most countries. It is 

indispensable to factories, commercial establishments, homes, and even most recreational 

facilities. Lack of electricity causes not only inconvenience, but also economic loss due to reduced 

industrial production. 
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 Electric utilities include investor owned, publicly owned, cooperatives, and nationalized entities. 

They may be engaged in all or only some aspects of the industry. Electricity markets are also 

considered electric utilities--these entities buy and sell electricity, acting as brokers, but usually 

do not own or operate generation, transmission, or distribution facilities. Utilities are regulated 

by local and national authorities. 

 

Single line diagram of electric power systems: 

 

 Power systems are extremely complicated electrical networks that are geographically spread 

over very large areas. For most part, they are also three phase networks – each power circuit 

consists of three conductors and all devices such as generators, transformers, breakers, 

disconnects etc. are installed in all three phases. In fact, the power systems are so complex that a 

complete conventional diagram showing all the connections is impractical. Yet, it is desirable, 

that there is some concise way of communicating the basic arrangement of power system 

components. This is done by using Single Line Diagrams (SLD). SLDs are also called One Line 

Diagrams. 

 Single Line Diagrams do not show the exact electrical connections of the circuits. As the name 

suggests, SLDs use a single line to represent all three phases. They show the relative electrical 

interconnections of generators, transformers, transmission and distribution lines, loads, circuit 

breakers, etc., used in assembling the power system. The amount of information included in an 

SLD depends on the purpose for which the diagram is used. For example, if the SLD is used in 

initial stages of designing a substation, then all major equipment will be included in the diagram  

major equipment being transformers, breakers, disconnects and buses. There is no need to 

include instrument transformers or protection and metering devices. However, if the purpose is 

to design a protection scheme for the equipment in the substation, then instrument 

transformers and relays are also included. 

 There is no universally accepted set of symbols used for single line diagrams. Often used symbols 

are shown in Fig. 1. The variations in symbols are usually minor and are not difficult to 

understand. 

 

Concept of Bus: 

 Concept of bus in single line diagrams is essentially the same as the concept of a node in an 

electrical circuit. Just keep in mind that there is one bus for each phase. Buses are shown in SLDs 

as short straight lines perpendicular to transmission lines and to lines connecting equipment to 

the buses. In actual substations, the buses are made of aluminum or copper bars or pipes and 
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can be several meters long. The impedance of buses is very low, practically zero, so electrically 

the whole bus is at the same potential. Of course, there is line voltage between the buses of the 

individual phases. 

 

Figure 1 - Graphical Symbols for Single Line Diagrams 

 



 

 

Figure 2 – Single Line Diagram showing bus arrangement of a substation. 

 

Single line diagrams like in figure 2 are used to illustrate the layout of buses in a substation. The 

arrangement of figure two is called a “breaker and a half”. There are three breakers for every two 

connections of lines or transformers to the bus, i.e. 1 ½ breakers per termination. 

 

Figure 3 – Single line diagram of an electric power system. 

Figure 3 shows a small power system. Any information that is required is added to the SLD. In this case 

connections of generator and transformer windings, as well as the method of grounding the neutral are 

indicated. This type of SLD has often also specified the size of the equipment in MVAs, voltage levels, and 

any other relevant information. (see figure 4) 



 

Figure 4 – Single Line Diagram of a 69 kV/12 kV/4.16 kV Substation 

 

Figure 5 Single Line Diagram of over current Protection of a Radial System 

Figure 5 shows a radial system of two lines. The buses represent two distribution stations. The outgoing 

lines have breakers only on the supply end. There are current transformers on the supply end of each 

breaker. The current transformers are connected to over current relays. Dashed lines between the relays 

and the breakers indicate a functional relationship; in this case operation of over current relays causes the 

associated breaker to trip. This type of SLD is used for calculation of fault current and setting and 

coordination of the relays. 

Important terms and factor: 

The variable load problem has introduced the following terms and factors in power plant engineering: 

 

      (i) Connected load. It is the sum of continuous ratings of all the equipments connected to supply 

system. 

     A power station supplies load to thousands of consumers. Each consumer has certain equipment 

installed in his premises. The sum of the continuous ratings of all the equipments in the consumer’s 



premises is the “connected load” of the consumer. For instance, if a consumer has connections of five 

100-watt lamps and a power point of 500 watts, then connected load of the consumer is 5 × 100 + 500 = 

1000 watts. The sum of the connected loads of all the consumers is the connected load to the power 

station. 

 

     (ii) Maximum demand: It is the greatest demand of load on the power station during a given period. 

     The load on the power station varies from time to time. The maximum of all the demands that have 

occurred during a given period (say a day) is the maximum demand. Thus referring back to the load curve 

of Fig. 3.2, the maximum demand on the power station during the day is 6 MW and it occurs at 6 P.M. 

Maximum demand is generally less than the connected load because all the consumers do not switch on 

their connected load to the system at a time. The knowledge of maximum demand is very important as it 

helps in determining the installed capacity of the station. The Maximum demand meter station must be 

capable of meeting the maximum demand. 

 

    (iii) Demand factor. It is the ratio of maximum demand on the power station to its connected load i.e., 

                                        Demand factor = Maximum demand/Connected load 

     The value of demand factor is usually less than 1. It is expected because maximum demand on the 

power station is 

generally less than the connected load. If the maximum demand on the power station is 80 MW and the 

connected load is 100 MW, then demand factor = 80/100 = 0·8. The knowledge of demand factor is vital 

in determining the capacity of the plant equipment. 

    (iv) Average load. The average of loads occurring on the power station in a given period (day or month 

or year) is known as average load or average demand. 

 

Daily average load = No. of units (kWh) generated in a day/ 24 hours 

Monthly average load = No. of units (kWh) generated in a month/ Number of hours in a month 

Yearly average load = No. of units (kWh) generated in a year/ 8760 hours 

 

v) Load factor. The ratio of average load to the maximum demand during a given period is known as load 

factor i.e.,                                            

                          Load factor = Average load/ Max. Demand 

     If the plant is in operation for T hours, 

                              Load factor =Average load ×*T/   Max. Demand * T 

                                                    = Units generated in T hours/ Max. Demand × T hours 

     The load factor may be daily load factor, monthly load factor or annual load factor if the time period 



considered is a day or month or year. Load factor is always less than 1 because average load is smaller 

than the maximum demand. The load factor plays key role in determining the overall cost per unit 

generated. Higher the load factor of the power station, lesser* will be the cost per unit generated. 

 

    (vi) Diversity factor. The ratio of the sum of individual maximum demands to the maximum demand on 

power station is known as diversity factor i.e., 

Diversity factor = Sum of individual Max. Demand/Max. Demand on power station 

    A power station supplies load to various types of consumers whose maximum demands generally do 

not occur at the same time. Therefore, the maximum demand on the power station is always less than the 

sum of individual maximum demands of the consumers. Obviously, diversity† factor will always be greater 

than 1. The greater the diversity factor, the lesser‡ is the cost of generation of power. 

 

   (vii) Plant capacity factor. It is the ratio of actual energy produced to the maximum possible energy that 

could have been produced during a given period i.e., 

     Plant capacity factor =    Actual energy produced/Max. Energy that could have been produced 

                                        =Average demand* T /Plant capacity *T 

                                        =Average demand/ Plant capacity 

Thus if the considered period is one year, 

        Annual plant capacity factor = Annual kWh output / Plant capacity * 8760 

 

     The plant capacity factor is an indication of the reserve capacity of the plant. A power station is so 

designed that it has some reserve capacity for meeting the increased load demand in future. Therefore, 

the installed capacity of the plant is always somewhat greater than the maximum demand on the plant. 

                    Reserve capacity = Plant capacity − Max. Demand 

     It is interesting to note that difference between load factor and plant capacity factor is an indication of 

reserve capacity. If the maximum demand on the plant is equal to the plant capacity, then load factor and 

plant capacity factor will have the same value. In such a case, the plant will have no reserve capacity.  

 

     (viii) Plant use factor. It is ratio of kWh generated to the product of plant capacity and the number of 

hours for which the plant was in operation i.e. 

Plant use factor = Station output in kWh/Plant capacity * Hours of use 

 

Base load and peak load on power station: 

The changing load on the power station makes its load curve of variable nature. Fig. shows the typical 

load curve of a power station. It is clear that load on the power station varies from time to time. However, 



a close look at the load curve reveals that load on the power station can be 

Considered in two parts, namely; 

      (i) Base load 

     (ii) Peak load 

     (i) Base load. The unvarying load which occurs almost the whole day on the station is known as base 

load. Referring to the load curve of Fig. 3.13, it is clear that 20 MW of load has to be supplied by the 

station at all times of day and night i.e. throughout 24 hours. Therefore, 20 MW is the base load of the 

station. As base load on the station is almost of constant nature, therefore, it can be suitably supplied (as 

discussed in the next Article) without facing the problems of variable load.  

     (ii) Peak load. The various peak demands of load over and above the base load of the station are known 

as peak load. 

     Referring to the load curve of Fig. it is clear that there are peak demands of load excluding base load. 

These peak demands of the station generally form a small part of the total load and may 

 

Interconnected grid system: 

The connection of several generating stations in parallel is known as interconnected grid system. 

Several Advantages: 

(i) Exchange of peak loads: An important advantage of interconnected system is that the peak load of the 

power station can be exchanged. If the load curve of a power station shows a peak demand that is greater 

than the rated capacity of the plant, then the excess load can be shared by other stations interconnected 

with it. 

(ii) Use of older plants: The interconnected system makes it possible to use the older and less efficient 

plants to carry peak loads of short durations. Although such plants may be inadequate when used alone, 

yet they have sufficient capacity to carry short peaks of loads when interconnected with other modern 

plants. Therefore, interconnected system gives a direct key to the use of obsolete plants. 

(iii) Ensures economical operation: The interconnected system makes the operation of concerned power 

stations quite economical. It is because sharing of load among the stations is arranged in such a way that 

more efficient stations work continuously through outs the year at a high load factor and the less efficient 

plants work for peak load hours only. 



(iv) Increases diversity factor: The load curves of different interconnected stations are generally different. 

The result is that the maximum demand on the system is much reduced as compared to the sum of 

individual maximum demands on different stations. In other words, the diversity factor of the system is 

improved, thereby increasing the effective capacity of the system. 

(v) Reduces plant reserve capacity: Every power station is required to have a standby unit for 

emergencies. However, when several power stations are connected in parallel, the reserve capacity of the 

system is much reduced. This increases the efficiency of the system. 

(vi) Increases reliability of supply: The interconnected system increases the reliability of supply. If a major 

breakdown occurs in one station, continuity of supply can be maintained by other healthy stations. 

Overview of conventional and non conventional sources of energy: 

Since electrical energy is produced from energy available in various forms in nature, it is desirable to look 

into the various sources of energy. These sources of energy are: 

     (i) The Sun (ii) The Wind (iii) Water (iv) Fuels (v) Nuclear energy. 

     Out of these sources, the energy due to Sun and wind has not been utilized on large scale due to a 

number of limitations. At present, the other three sources viz., water, fuels and nuclear energy are 

primarily used for the generation of electrical energy. 

      (i) The Sun. The Sun is the primary source of energy. The heat energy radiated by the Sun can be 

focused over a small area by means of reflectors. This heat can be used to raise steam and electrical 

energy can be produced with the help of turbine-alternator combination. However, this method has 

limited application because : 

     (a) it requires a large area for the generation of even a small amount of electric power 

     (b) it cannot be used in cloudy days or at night 

     (c) it is an uneconomical method. 

     Nevertheless, there are some locations in the world where strong solar radiation is received very 

regularly and the sources of mineral fuel are scanty or lacking. Such locations offer more interest to the 

solar plant builders. 

     (ii) The Wind. This method can be used where wind flows for a considerable length of time. The wind 

energy is used to run the wind mill which drives a small generator. In order to obtain the electrical energy 

from a wind mill continuously, the generator is arranged to charge the batteries. These batteries supply 

the energy when the wind stops. This method has the advantages that maintenance and generation costs 

are negligible. However, the drawbacks of this method are (a) variable output, (b) unreliable because of 

uncertainty about wind pressure and (c) power generated is quite small. 

    (iii) Water: When water is stored at a suitable place, it possesses potential energy because of the head 

created. This water energy can be converted into mechanical energy with the help of water turbines. The 

water turbine drives the alternator which converts mechanical energy into electrical energy. This method 



of generation of electrical energy has become very popular because it has low production and 

maintenance costs. 

    (iv) Fuels: The main sources of energy are fuels viz., solid fuel as coal, liquid fuel as oil and gas fuel as 

natural gas. The heat energy of these fuels is converted into mechanical energy by suitable prime movers 

such as steam engines, steam turbines, internal combustion engines etc. The prime mover drives the 

alternator which converts mechanical energy into electrical energy. Although fuels continue to enjoy the 

place of chief source for the generation of electrical energy, yet their reserves are diminishing day by day. 

Therefore, the present trend is to harness water power which is more or less a permanent source of 

power. 

     (v) Nuclear energy: Towards the end of Second World War, it was discovered that large amount of heat 

energy is liberated by the fission of uranium and other fissionable materials. It is estimated that heat 

produced by 1 kg of nuclear fuel is equal to that produced by 4500 tonnes of coal. The heat produced due 

to nuclear fission can be utilized to raise steam with suitable arrangements. The steam can run the steam 

turbine which in turn can drive the alternator to produce electrical energy. However, there are some 

difficulties in the use of nuclear energy. The principal ones are (a) high cost of nuclear plant (b) problem of 

disposal of radioactive waste and dearth of trained personnel to handle the plant.  

Comparison of Energy Sources: The chief sources of energy used for the generation of electrical energy 

are water, fuels and nuclear energy. Below is given their comparison in a tabular form: 

 

Efficiency: 

Energy is available in various forms from different natural sources such as pressure head of water, 

chemical energy of fuels, nuclear energy of radioactive substances etc. All these forms of energy can be 

converted into electrical energy by the use of suitable arrangement. In this process of conversion, some 

energy is lost in the sense that it is converted to a form different from electrical energy. 

Therefore, the output energy is less than the input energy. The ratio of output energy divided by the 

input energy is called energy efficiency or simply efficiency of the system. 

                                        Efficiency = Output energy/ Input energy 

   As power is the rate of energy flow, therefore, efficiency may be expressed equally well as output 

power divided by input power i.e., 

                                      Efficiency, η = Output power/ Input power 



 

 

Different types of energy sources and efficiency in their use: 

Magneto hydrodynamic (MHD) Generation 

In thermal generation of electric energy, the heat released by the fuel is converted to rotational 

mechanical energy by means of a thermo cycle. The mechanical energy is then used to rotate the electric 

generator. Thus two stages of energy conversion are involved in which the heat to mechanical energy 

conversion has inherently low efficiency. Also, the rotating machine has its associated losses and 

maintenance problems. In MHD technology, electric energy is directly generated by the hot gases 

produced by the combustion of fuel without the need for mechanical moving parts. In a MHD generator, 

electrically conducting gas at a very high temperature is passed in a strong magnetic field, thereby 

generating electricity. High temperature is needed to ionize the gas, so that it has good electrical 

conductivity. The conducting gas is obtained by burning a fuel and injecting a seeding material such as 

potassium carbonate in the product of combustion. The principle of MHD power generation is illustrated 

in Fig. 2.6. About 50% efficiency can be achieved  

if the MHD generator is operated in tandem with a conventional steam plant. 

 

Fig. 2.6 The principle of MHD power generation 

Though the technological feasibility of MHD generation has been established, its economic feasibility is 

yet to be 

Demonstrated. India had started a research and development project in collaboration with the former 

USSR to install a pilot MHD plant based on coal and generating 2 MW power. In Russia, a 25 MW MHD 

plant which uses natural gas as fuel has been in operation for some years. 

2.3.5 Gas Turbines 

Compressed air is fed to the combustion chamber where continuous combustion of fuel oil is maintained. 

The hot gases so produced are made to run a gas turbine. In normal running, a gas turbine is less 

economical compared to a 

Conventional steam plant; but it is used as a prime mover for its ability to start and take up load quickly. 

Thus it is 



Capable of meeting sudden peaks of system load. Fuel economy can be improved by using hot exhaust 

gases of the gas turbine in a conventional steam generation cycle. 

There are currently many installations in the world with 100 MW generators. Recently a 6 x 30 MW gas 

turbine station has been put up in Delhi. A gas turbine unit can also be used as synchronous compensator 

to help maintain flat voltage profile in the system. 

UNCONVENTIONAL ENERGY SOURCES: 

Because of the limited availability of oil/natural gas, there is considerable international effort into the 

development of alternative/new/unconventional/renewable/clean sources of energy. Most of the new 

sources (some of them in fact have been known and used for centuries now!) are nothing but the 

manifestation of solar energy, e.g., wind, sea waves, ocean thermal energy conversion (OTEC) etc. In this 

section, we shall discuss the possibilities and potentialities of various methods of using solar energy. 

2.4.1 Geothermal Power Plants 

In a geothermal power plant, heat deep inside the earth acts as a source of power. There has been some 

use of geothermal energy in the form of steam coming from underground in the USA, Italy, New Zealand, 

Mexico, Japan, Philippines, India, and some other countries. The present installed geothermal plant 

capable in the world is about 500 MW and the total estimated capacity is only about 2000 MW. Since the 

pressure and temperatures are low, the efficiency is even less than the conventional fossil fuelled plants, 

but the capital cost are less and the fuel is available free of cost. 

2.4.2 Wind Power Stations 

Winds are essentially created by the solar heating of the atmosphere. Several attempts have been made 

since 1940 to use wind to generate electric energy and development is still going on. However, techno-

economic feasibility has yet to be satisfactorily established. 

Wind as a power source is attractive because it is plentiful, inexhaustible and non-polluting. Further, it 

does not impose extra heat burden on the environment. Unfortunately, it is non-steady and 

undependable. Control equipment has been devised to start the wind power plant whenever the wind 

speed reaches 30km/h. Methods have also been found to generate constant frequency power with 

varying wind speeds and consequently varying speeds of wind mill propellers. Wind power may prove 

practical for small power needs in isolated sites. But for maximum flexibility, it should be used in 

conjunction with other methods of power generation to ensure continuity. 

For wind power generation, there are three types of operations: 

1. Small, 0.5—10 kW for isolated single premises 

2. Medium, 10—100 kW for communities 

3. Large, 1.5 MW for connection to the grid.s 

The theoretical power in a wind stream is given by 

P = 0.5 ρ A V 3 W  



Where 

ρ = density of air (1201 g/m3 at NTP) 

V = mean air velocity (m/s) and 

A = swept area (m2). 

For a rotor of 17m diameter and a velocity of 48 km/h the theoretical power is 265kW and the practical 

would be roughly half of this value. 

There are some distinctive energy end-use features of wind power systems: 

1. Most wind power sites are in remote rural, island or marine areas. 

2. Rural grid systems are likely to be ‘weak’ in these areas, since they carry relatively low voltage supplies 

(e.g. 

33kV). 

3. There are always periods without wind. 

2.4.3 Solar Energy 

The average accident solar energy received on earth surface is about 600 W/m2, but the actual value 

varies considerably. It has the advantage of being free of cost, non-exhaustible and completely pollution-

free. On the other hand, it has several drawbacks—energy density per unit area is very low, it is available 

for only a part of the day, and cloudy and hazy atmospheric conditions greatly reduce the energy 

received. Therefore, in harnessing solar energy for electricity generation, challenging technological 

problems exist, the most important being that of the collection and concentration of solar energy and its 

conversion to the electrical form through efficient and comparatively economical means. 

At present, two technologies are being developed for conversion of solar energy to the electrical form. In 

one technology, collectors with concentrators are employed to achieve temperatures high enough 

(700oC) to operate a heat engine at reasonable efficiency to generate electricity. However, there are 

considerable engineering difficulties in building a single tracking bowl with a diameter exceeding 30m to 

generate perhaps 200kW. The scheme involves large and intricate structures involving huge capital outlay 

and as of today is far from being competitive with conventional electricity generation. 

The solar power tower generates steam for electricity production. There is a 10 MW installation of such a 

tower by the Southern California Edison Co. in USA using 1818 plane mirrors, each 7m x 7m reflecting 

direct radiation to the raised boiler. 

Electricity may be generated from a Solar Pond by using a special ‘low temperature’ heat engine coupled 

to an electric generator. A solar pond at Ein Borek in Isreal produces a steady 150kW from 0.74 hectare at 

a busbar cost of about $0.10/kWh.  

Solar power potential is unlimited. 

Direct Conversion to Electricity (photovoltaic generation) 



This technology converts solar energy to the electrical form by means of silicon wafer photoelectric cells 

known as “Solar Cells”. Their theoretical efficiency is about 25% but the practical value is only about 15%. 

But that does not matter as solar energy is basically free of cost. The chief problem is the cost and 

maintenance of solar cells. With the likelihood of a breakthrough in the large scale production of cheap 

solar cells with amorphous silicon, this technology may compete with conventional fuels become scarce. 

Solar energy could, at the most, supplement up to 5-10% of the total energy demand. It has been 

estimated that to Produce 1012kWh per year, the necessary cells would occupy about 0.1% of US land 

area as against highways which 

Occupy 1.5% (in 1975) assuming 10% efficiency and a daily insolation of 4kWh/m2. In all solar thermal 

schemes, storage is necessary because of the fluctuating nature of sun’s energy. This is equally true with 

many other unconventional sources as well as sources like wind. Fluctuating sources with fluctuating 

loads complicate still further the electricity supply. 

HYDRO ELECTRIC POWER STATIONS: 

Hydroelectric power plants capture the energy of moving water. There are multiple ways hydro energy 

can be extracted. Falling water such as in a penstock, flume, or waterwheel can be used to drive a hydro 

turbine. Hydro energy can be extracted from water flowing at the lower section of dams, where the 

pressure forces water to flow. Hydroelectric power generation is efficient, cost-effective, and 

environmentally cooperative. Hydro power production is considered to be a renewable energy source 

because the water cycle is continuous and constantly recharged. Water flows much slower through a 

hydro turbine than does steam through a high-pressure steam turbine. Therefore, several rotor magnetic 

poles are used to reduce the rotational speed requirement of the hydro turbine shaft. Hydro units have a 

number of excellent advantages. The hydro unit can be started very quickly and brought up to full load in 

a matter of minutes. In most cases, little or no start-up power is required. A hydro plant is almost by 

definition a black start unit. Black start means that electrical power is not needed first in order to start a 

hydro power plant. Hydro plants have a relatively long life; 50–60 year life spans are common. Some 

hydroelectric power plants along the Truckee River in California have been in operation for over 100 

years.  



 

The cross-section of a typical low-head hydro installation is shown in Figure. Basically, the water behind 

the dam is transported to the turbine by means of a penstock. The turbine causes the generator to rotate, 

producing electricity, which is then delivered to the load center over long distance power lines. The water 

coming out of the turbine goes into the river. 

 

 

 



Pumped Storage Hydro Power Plants: 

Pumped storage hydro power production is a means of actually saving electricity for future use. Power is 

generated from water falling from a higher lake to a lower lake during peak load periods. The operation is 

reversed during off-peak conditions by pumping the water from the lower lake back to the upper lake. A 

power company can obtain high value power during peak-load generation periods by paying the lower 

cost to pump the water back during off-peak periods. Basically, the machine at the lower level is 

reversible; hence, it operates as a hydro-generator unit or a motor, pump unit. 

One of the problems associated with pumped storage units is the process of getting the pumping motor 

started. Starting the pumping motor using the system’s power line would usually put a low-voltage sag 

condition on the power system. The voltage sag or dip could actually cause power quality problems. In 

some cases, two turbines are used in a pumped storage installation. One of the turbines is used as a 

generator to start the other turbine that is used as a pump. Once the turbine is turning, the impact on the 

power system is much less, and the second turbine can then be started as a motor–pump. 

Figure shows a cross-sectional view of the Tennessee Valley Authority’s pumped storage plant at Raccoon 

Mountain. The main access tunnel was originally used to bring all of the equipment into the powerhouse: 

the turbine, the pumps, and the auxiliary equipment. Note that the Tennessee Valley Authority installed a 

visitor center at the top of the mountain so that the installation could be viewed by the general public. 

 

 

Hydro-electric Power Station: 

 

A generating station which utilizes the potential energy of water at a high level for the generation of 

electrical energy is known as a hydro-electric power station. 

Hydro-electric power stations are generally located in hilly areas where dams can be built conveniently 

and large water reservoirs can be obtained. In a hydro-electric power station, water head is created by 



constructing a dam across a river or lake. From the dam, water is led to a water turbine. The water turbine 

captures the energy in the falling water and changes the hydraulic energy (i.e., product of head and flow 

of water) into mechanical energy at the turbine shaft. The turbine drives the alternator which converts 

mechanical energy into electrical energy. Hydro-electric power stations are becoming very popular 

because the reserves of fuels (i.e., coal and oil) are depleting day by day. They have the added importance 

for flood control, storage of water for irrigation and water for drinking purposes. 

Advantages 

   (i) It requires no fuel as water is used for the generation of electrical energy. 

   (ii) It is quite neat and clean as no smoke or ash is produced. 

  (iii) It requires very small running charges because water is the source of energy which is available free of 

cost. 

  (iv) It is comparatively simple in construction and requires less maintenance. 

   (v) It does not require a long starting time like a steam power station. In fact, such plants can be put into 

service instantly. 

  (vi) It is robust and has a longer life. 

 (vii) Such plants serve many purposes. In addition to the generation of electrical energy, they also help in 

irrigation and controlling floods. 

(viii) Although such plants require the attention of highly skilled persons at the time of construction, yet 

for operation, a few experienced persons may do the job well. 

Disadvantages 

(i) It involves high capital cost due to construction of dam. 

 (ii) There is uncertainty about the availability of huge amount of water due to dependence on weather 

conditions. 

(iii) Skilled and experienced hands are required to build the plant. 

(iv) It requires high cost of transmission lines as the plant is located in hilly areas which are quite away 

from the consumers. 

Schematic Arrangement of Hydro-electric Power Station 

Although a hydro-electric power station simply involves the conversion of hydraulic energy into electrical 

energy, yet it embraces many arrangements for proper working and efficiency. The schematic 

arrangement of a modern hydro-electric plant is shown in Fig. 2.2. 

     The dam is constructed across a river or lake and water from the catchment area collects at the back of 

the dam to form a reservoir. A pressure tunnel is taken off from the reservoir and water brought to the 

valve house at the start of the penstock. The valve house contains main sluice valves and automatic 

isolating valves. The former controls the water flow to the power house and the latter cuts off supply of 

water when the penstock bursts. From the valve house, water is taken to water turbine through a huge 



steel pipe known as penstock. The water turbine converts hydraulic energy into mechanical energy. The 

turbine drives the alternator which converts mechanical energy into electrical energy. 

     A surge tank (open from top) is built just before the valve house and protects the penstock from 

bursting in case the turbine gates suddenly close* due to electrical load being thrown off. When the gates 

close, there is a sudden stopping of water at the lower end of the penstock and consequently the 

penstock can burst like a paper log. The surge tank absorbs this pressure swing by increase in its level of 

water 

 

Choice of Site for Hydro-electric Power Stations 

The following points should be taken into account while selecting the site for a hydro-electric power 

station: 

(i) Availability of water. Since the primary requirement of a hydro-electric power station is the availability 

of huge quantity of water, such plants should be built at a place (e.g., river, canal) where adequate water 

is available at a good head. 

 (ii) Storage of water. There are wide variations in water supply from a river or canal during the year. This 

makes it necessary to store water by constructing a dam in order to ensure the generation of power 

throughout the year. The storage helps in equalizing the flow of water so that any excess quantity of 

water at a certain period of the year can be made available during times of very low flow in the river. This 

leads to the conclusion that site selected for a hydro-electric plant should provide adequate facilities for 

erecting a dam and storage of water. 

(iii) Cost and type of land. The land for the construction of the plant should be available at a reasonable 

price. Further, the bearing capacity of the ground should be adequate to withstand the weight of heavy 

equipment to be installed. 



(iv) Transportation facilities. The site selected for a hydro-electric plant should be accessible by rail and 

road so that necessary equipment and machinery could be easily transported. It is clear from the above 

mentioned factors that ideal choice of site for such a plant is near a river in hilly areas where dam can be 

conveniently built and large reservoirs can be obtained. 

 

 

Elements of hydroelectric power stations: 

 

The constituents of a hydro-electric plant are (1) hydraulic structures (2) water turbines and (3) electrical 

equipment. We shall discuss these items in turn. 

     1. Hydraulic structures: Hydraulic structures in a hydro-electric power station include dam, spillways, 

head works, surge tank, penstock and accessory works. 

      (i) Dam: A dam is a barrier which stores water and creates water head. Dams are built of concrete or 

stone masonry, earth or rock fill. The type and arrangement depends upon the topography of the site. A 

masonry dam may be built in a narrow canyon. An earth dam may be best suited for a wide valley. The 

type of dam also depends upon the foundation conditions, local materials and transportation available, 

occurrence of earthquakes and other hazards. At most of sites, more than one type of dam may be 

suitable and the one which is most economical is chosen. 

(ii)Spillways: There are times when the river flow exceeds the storage capacity of the reservoir. Such a 

situation arises during heavy rainfall in the catchment area. In order to discharge the surplus water from 

the storage reservoir into the river on the down-stream side of the dam, spillways are used. Spillways are 

constructed of concrete piers on the top of the dam. Gates are provided between these piers and surplus 

water is discharged over the crest of the dam by opening these gates. 

(iii) Headworks: The head works consists of the diversion structures at the head of an intake. They 

generally include booms and racks for diverting floating debris, sluices for by-passing debris and 

sediments and valves for controlling the flow of water to the turbine. The flow of water into and through 

head works should be as smooth as possible to avoid head loss and cavitation. For this purpose, it is 

necessary to avoid sharp corners and abrupt contractions or enlargements. 

(iv)Surge tank: Open conduits leading water to the turbine require no* protection. However, when closed 

conduits are used, protection becomes necessary to limit the abnormal pressure in the conduit. For this 

reason, closed conduits are always provided with a surge tank. A surge tank is a small reservoir or tank 

(open at the top) in which water level rises or falls to reduce the pressure swings in the conduit. A surge 

tank is located near the beginning of the conduit. When the turbine is running at a steady load, there are 

no surges in the flow of water through the conduit i.e., the quantity of water flowing in the conduit is just 

sufficient to meet the turbine requirements. However, when the load on the turbine decreases, the 



governor closes the gates of turbine, reducing water supply to the turbine. The excess water at the lower 

end of the conduit rushes back to the surge tank and increases its water level. Thus the conduit is 

prevented from bursting. On the other hand, when load on the turbine increases, additional water is 

drawn from the surge tank to meet the increased load requirement. Hence, a surge tank overcomes the 

abnormal pressure in the conduit when load on the turbine falls and acts as a reservoir during increase of 

load on the turbine. (v)Penstocks: Penstocks are open or closed conduits which carry water to the 

turbines. They are generally made of reinforced concrete or steel. Concrete penstocks are suitable for low 

heads (< 30 m) as greater pressure causes rapid deterioration of concrete. The steel pen stocks can be 

designed for any head; the thickness of the penstock increases with the head or working pressure. 

 

 

 

     Various devices such as automatic butterfly valve, air valve and surge tank (See Fig. 2.3) are provided 

for the protection of penstocks. Automatic butterfly valve shuts off water flow through the penstock 

promptly if it ruptures. Air valve maintains the air pressure inside the penstock equal to outside 

atmospheric pressure. When water runs out of a penstock faster than it enters, a vacuum is created which 

may cause the penstock to collapse. Under such situations, air valve opens and admits air in the penstock 

to maintain inside air pressure equal to the outside air pressure. 

     2. Water turbines: Water turbines are used to convert the energy of falling water into mechanical 

energy. The principal types of water turbines are: 

      (i) Impulse turbines (ii) Reaction turbines 

  (i) Impulse turbines. Such turbines are used for high heads. In an impulse turbine, the entire pressure of 

water is converted into kinetic energy in a nozzle and the velocity of the jet drives the wheel. The example 

of this type of turbine is the Pelton wheel (See Fig. 2.4). It consists of a wheel fitted with elliptical buckets 

along its periphery. The force of water jet striking the buckets on the wheel drives the turbine. The 



quantity of water jet falling on the turbine is controlled by means of a needle or spear (not shown in the 

figure) placed in the tip of the nozzle. The movement of 

the needle is controlled by the governor. If the load on the turbine decreases, the governor pushes the 

needle into the nozzle, thereby reducing the quantity of water striking the buckets. Reverse action takes 

place if the load on the turbine increases. 

 

 

 

     (ii) Reaction turbines. Reaction turbines are used for low and medium heads. In a reaction turbine, 

water enters the runner partly with pressure energy and partly with velocity head. The important types of 

reaction turbines are: 

     (a) Francis turbines (b) Kaplan turbines 

     A Francis turbine is used for low to medium heads. It consists of an outer ring of stationary guide 

blades fixed to the turbine casing and an inner ring of rotating blades forming the runner. The guide 

blades control the flow of water to the turbine. Water flows radially inwards and changes to a downward 

direction while passing through the runner. As the water passes over the “rotating blades” of the runner, 

both pressure and velocity of water are reduced. This causes a reaction force which drives the turbine. 

     A Kaplan turbine is used for low heads and large quantities of water. It is similar to Francis turbine 

except that the runner of Kaplan turbine receives water axially water flows through regulating gates all 

around the sides, changing direction in the runner to axial flow. This causes a reaction force which drives 

the turbine. 

3. Electrical equipment: The electrical equipment of a hydro-electric power station includes alternators, 

transformers, circuit breakers and other switching and protective devices. 

 

 

 



Selection of site for Hydro Power Stations: 

The important factors governing selection are as follows. 

1. Location of Dam: 

From the cost point of view, the smaller the length of dam, the lower will be the cost of 

construction.  Therefore the site has to be where the river valley has a neck formation.  

In order to have capacity a valley which has a large storage capacity on the upstream 

side of the proposed dam site is probably the best.  It is desirable to locate a dam after 

the confluence of two rivers, so that advantage of both the valleys to provide large 

storage capacity is available. 

2. Choice of Dam:  

The most important consideration in the choice of dam is safety and economy.  Failure 

of dam may result in substantial loss of life and property.  The proposed dam must 

satisfy the test of stability for (i) Shock loads which may be due to earth quakes or 

sudden changes in reservoir levels and (ii) unusually high floods. 

 The dam should, as far as possible be close to the turbines and should have the 

shortest length of conduit. 

3. Quantity of water Available: 

This can be estimated on the basis of measurements of stream flow over as long as 

period as possible. 

 Storage of water is necessary for maintaining continuity of power supply 

throughout the year.  Sufficient storage of water should be available since rainfall is not 

uniform throughout the year and from one year to another. 

4. Accessibility of site: 

The site should be accessible from the view point of transportations of man and 

material,  so that the overall cost for construction of project is kept low. 

5. Distance from the load centre: 

The distance should be as small as possible so that the cost of transmission of power is 

minimum.  Availability of construction material and general know how, should above 

considered in site selection. 

Classification of Hydro Power Plants 

1. Classification Based on capacity : 

a) Micro Hydel plant     less than 5 MW 

b) Medium Hydel plant                    5 - 100 MW 

c) High Capacity Hydel plant    101 – 1000 MW 

d) Very High Capacity Hydel plant   above 1000 MW 



2. Classification Based on construction: 

Run off river plant without pondage: A run-off river plant is one in which a dam is 

constructed across a river and the low head thereby created is used to generate power.  

It is typically a low head plant is generally provided with an overflow weir, the power 

station being an integral part of the dam structure.  In many plants of this type, it is 

necessary to provide locks for the passage of ships, so that navigation may continue 

without hinderance.  Water passes to the power station through racks made of steel 

bars to keep out all foreign bodies which might damage the turbine; there racks must be 

cleared periodically.  These plants thus use water as and when it is available.  The firm 

capacity of such plants is very low if the supply of water is not uniform throughout the 

year. 

Run-off-river with pondage: The pondage increases the usefulness of this type of plant.  

The main requirement for the plant is that the tail race should be such that floods do 

not raise the trail race water level, other wise the operation will be affected adversely 

with pondage it is possible to meet hour to hour fluctuations of load through out a week 

or larger periods depending upon its size. 

 

Valley dam plant: The main feature of a valley dam plant is a dam in the river which 

creates a storage reservoir that develops the necessary head regulated for the turbines.  

The power plant is located right at the tow of the dam. Water flows through penstocks 

embedded in the dam to the power house and joins the main river course directly at the 

outlet of the power house.  The plant can be used efficiently throughout the year as it 

has a storage capacity.  Its firm capacity is relatively high.  The following are the main 

components of a valley dam. 

(a) The dam with its appartenaut structure like spillways etc. 

(b) The intake with gate, stop logs and racks etc. 

(c) The main power plant with its components. 

Diversion canal plant: The characteristics of this plant are that the waters of the river are 

diverted away from the main channel through a diversion canal, known as power canal.  

A power plant is located at a suitable point along the length of the canal.  The water 

after passing through the power plant joins the parent river.  These plants are usually 

low head or medium head plants.  They do not have any storage reservoir.  The power 

house requirements of pondage are met through a pool called fore bay which is located 

just before the power plant.  The main components of a diversion canal plant are  

 



(a) Diversion weir  

(b) Diversion canal Intake with its ancilliary works  

(c) Bridges of culverts etc. of the diversion canal and  

(d) Forebay and its appurtenances. 

High head diversion plant:    The main feature of this plant is the development of high 

head resulting from the diversion of water.  The diversion of water can be achieved in 

two ways.  (a) through a system of channels and tunnels to another neighbouring river 

or basin which is at a much lower level as compared to the level of the parent river. 

(b) Along the tunnels from an upstream point of the river to a down stream point of the 

parent river. 

 The main point of difference between high head and low head diversion plant 

is the elaborate conveyance system  for the high head plants.  The main components of 

this type of plant are as follows 

(a) Deversion weir (b) the canal tunner intake (c) The head race (d) surge tank (e) 

penstock (f) tailrace 

3. Classification based on operation: 

Base load plant: These plants operate on the base portion of the load curve of the 

power system if they are of large capacity.  Plant with large storage can best be used as 

base load plants especially in rainy seasons when the water level of the reservoir will be 

raised by rain water.  As these loads operate throughout the year at approximately full 

capacity, the load factor of such plants is high 

 

Peak load plants: These plants supply power to the system corresponding to the load at 

the top portion of the load curve.  Run-off river plant with pondage can be used for such 

purposes.  The load factor of such plant is relatively low as they operate only for a short 

period of the total operating time. 

 

Classification based on head: 

 Another way of classifying hydro stations is based on the hydraulic heads available: 

  Low head plants with head less than 70m 

  Medium head plants between 70m and 300m 

Classification of turbines: 

 Mainly, there are four types of turbines 

(i) Francis Turbine – francis in 1849 

(ii) Pelton Turbine – Pelton in 1889 



(iii) Propeller and Kaplan Turbine – Kaplan in 1913 

(iv) Deriaz Turbine – Deriaz in 1945 

1.Classification based on head: 

 Low head  2-15m  - propeller or Kaplan turbines 

 Medium head 15 – 70m – Kaplan or Francis turbines 

 High head 70 – 500m –Francis or pelton turbines 

 Very high head 500m and above, - pelton turbines 

 Deriaz turbines have been used upto a head of 300m, but they are normally used under 

reversible flow conditions e.g. pumpedstorage plants where a turbine acts both as a prime mover and a 

pump. 

 

2. Classification based on Discharge:                                                    

 Low discharge – Pelton turbines 

 Medium discharge – Francis turbines 

 High discharge – Kaplan turbines                   

3.Classification based on Direction of flow: 

 Axial flow : Propeller and Kaplan turbines 

 Tangential flow : Pelton turbines 

 Radial inward flow or mixed flow : Francis turbine 

 Diagonal flow : Deriaz turbine. 

 

Classification based on pressure: If the pressure of water corresponds to atmosphere before and after 

striking the blades, such a design of turbine is known as pressure less or impulse turbine. Pelton turbine 

corresponds to this category.  On the other hand if a turbine is made to rotate under the action of water 

flowing under pressure (greater than atmospheric), the water enters all round the periphery of the wheel 

and the energy in the form of bothe pressure and kinetic is utilized by the wheel.  Such turbines are 

known as pressure or reaction turbines.  Propeller, Kaplan, Francis and Deriaz belong to this category of 

turbines 

Impulse turbine : Pelton 

Reaction turbine : Propeller, Kaplan, Francis and Deriaz 

Classification based on specific speed: 

Turbines are never classified based on their actual speed but always on the basis of their specific speed 

which is defined as the speed at which the machine produces, h.P. under a head of 1m.  It is an important 

quantity as it involves the three basic parameters, the speed, power and the head. 

 Slow specific speed 4 to 70 r.p.m : Pelto turbine 



 Medium Specific speed 70 to 400 r.p.m : Francis turbine 

 Fast specific speed 350 to 1100 r.p.m : Kaplan turbine 

Francis turbines are used for high power output upto and above 8,00,000h.p, Pelton for medium up to 

3,30,000h.p and Kaplan up to 1,50,000h.p. 

 

Power potential studies: 

Water power equation or output equation 

Let  H = head of water in meters (between the water level at inlet and tail race) 

 Q = Quantity of water in m3/sec or lit/sec 

 W = Specific gravity of water 

      = 1kg/lit  when Q is represented in lit/sec 

      = 1000kg/m3  when Q is represented in m3/sec 

 ή   = efficiency of the system 

If ‘Q’  Quantity of water falls through ‘H’ m theoretical work done = WQH Kg-m/sec 

Effective work done   or  output of the system  = WQH *  ή kg-m/sec. 

Metrix output =  WQH *  ή  / 75  H.P  (1 H.P. = 75 kg-m/sec) 

Metrix output in watts  = 
WQH∗n

75
 * 735.5  Watts 

Metrix output in Kilowatts  =  
WQH∗n

75∗1000
* 735.5   

        = 
WQH∗n

75
* 0.735 

 

 Output = 
WQH∗n

102
 KW 

 

Forebay:  A fore bay s an enlarged body of water just above the intake and is used as a regulating 

reservoir.  The river water is distributed to various penstocks, leading to the turbines through the fore 

bay.  If the load on the turbine decreases as a result of reduction in system load.  The water is stored in 

the forebay temporarily and is with drawn from it when the load on the turbine increases.  A forebay is, 

therefore a naturally provided storage which is able to absorb the flow variations due to variations in 

system loads.  Forebay is also known as head pond. 

 

Draft Tube: The draft tubes are either straight conical draft tubes with a circular section or they are elbow 

– shaped tubes with gradually increasing areas, the shape changing from circular at the runner section to 

rectangular at the outlet section.  Draft tubes are used for reaction turbines i.e. for Frances and Kaplan 

turbines and serve mainly two functions. 



(i) They achieve the recovery of velocity head at runner outlet which otherwise would have 

gone waste as an exit loss. 

(ii) It permits  the setting of the runner of the turbine wheel at a level above that of the water in 

the tail-race under high water and flood condition without losing the advantage of the 

elevation difference.  The weight of the draft tube is decided by the need to avoid cavitation.  

Cavitation occurs in flowing water when a cavity or void filled with air and water vapour is 

formed.  Cavitation is harmful as it causes pitting of the turbine runners. 

 

Hydro Graph: It is a graphical representation between discharge and time.  For a hydrograph the 

ordinates may be plotted interms of the gange height,  the number of cubic meters per second per square 

kilometer, the power in kilowatts that can be developed theoretically per metre of fall or the energy in 

kilowatt-hours recorded as the switch board ehile the abscissa may be interms of hours, days or weeks.  In 

short a hydro graph shows the variations of flow with time.  It also indicates power available from the 

stream at different times of the day or year. 

 

Mass curve: A mass curve is a plot of cumulative volume of water that can be stored from stream flow 

versus time in days, weeks or months.  The units used for indicating storage are the cubic metre or the 

day –second –metre.  A day-second metre is the flow at the rate or 1 m3/sec for on day and is equal to 

60*60*24 = 86400m3 

 

 By storage the flow of water can be modified according to the plant requirements and hence the 

generating capacity of plant for the same mass flow can be increased.  Water behind the dam at the plant 

is pondage.  Water held in upstream reservoirs is storage.  The purpose of a reservoir is to conserve water 

which may be used during the period of deficiency.  The capacity of a reservoir to make available the flow 

of water at a required rate is studied by means of a mass curve. 

 

 

 

 

 

 

 

 

 

 



 

UNIT – II 

THERMAL POWER STATIONS 

Thermal power stations introductions 

 

For generating EMF,the following are essential  

1.Conductor system 

2.Flux liness 

3.Relative motion  

 

Generation of electrical energy: 

 

   

 

Various sources of energy: 

 

1.Sun 

2.Wind 

3.water 

4.Fuel 

5.Nuclear forces 

 

1.Sun:It is the primary source for producing energy.In this the heat radiated from the sun is concentrated 

over a small area by using reflectors & that heat is used to raise the temperature of steam & is passed 

through the prime mover which converts it mechanical energy & that mechanical energy is passed 

through AC generator which converts it to electrical energy.   

 

Limitations:-  

1. Requires large area for generation of small amount of power. 

2. Cannot be used during night times & cloudy days 

3. Un economical 



 

Wind:-Wind flows for a considerable length of time to run the wind mill which drives a small generator. At 

the time of wind flowing the generator charges the batteries & these batteries will give supply at the time 

when wind is not flowing.     

Water:-It is stored at suitable places to possess potential energy because of head and is very popular 

because of low production & maintenance cost.   

Fuel:- 

Solid form-coal 

Liquid form-oil 

Gaseous form-natural gas 

Here,fuel energy is converted into mechanical energy by the prime movers such as steam 

engines,IC(internal) engines, steam turbine etc & is converted into electrical energy using alternator. 

Nuclear energy:-Large heat is liberated from fissioning of uranium & other nuclear products. 

→Heat liberated by 1 kg of nuclear fuel is equal to that of 4500 tons of coal. 

 

 

Property Water Fuel Nuclear 

Initial cost 

Running cost 

Reserves 

Cleanliness 

Simplicity 

reliability 

High 

Less 

Permanent 

Cleanest 

Simplest 

most 

Low 

High 

Exhaustable 

Dirtiest 

Complex 

less 

Highest 

Least 

In-exhaustible 

Clear 

More complex 

more 

        

 

I. Steam power station (or) Thermal power station 

 

→condensed means steam becomes water 

   

Heat from mechanical  electrical energy 

Coal combustion energy 

→A generating station which conterts heat energy of the coal combustion into electrical energy is known  

  as steam power station. 

→It works on the rankine cycle. Steam is produced in the boiler by receiving the heat from the       



  combustion. The steam is then expanded using prime prime mover i.e. steam turbine & is condensed in  

  a condenser to be fed into the boiler again. 

→The steam turbine drives the alternator which converts mechanical energy of the turbine into electrical  

  energy. This type of power station is suitable where coal & water are available in abundance & a large  

  amount of electric power is to be generated. 

Adantages:- 

1. The fuel (coal) used is quite cheap. 

2. Less initial cost as compared to other generating station. 

3. It requires less space as compared to the hydro electric power station. 

4. The cost of generation is lesser than that of diesel power station. 

5. It can be installed at any place irrespective of the existence of coal. 

6. The coal can be transported to the site of the plant by rail or road. 

Disadvantages:-    

1. It pollutes the atmosphere due to the production of large amount of smoke & fumes. 

2. It is costlier in running cost as compared to hydro electric plant. 

 

Schematic arrangement of steam power station:- 

 

 



 

Although steam power station, simply involves the conversion of heat of coal conversion into electrical 

energy, yet it embraces many arrangements of proper working an efficiency. 

→The schematic arrangement of a modern power station is shown in fig.& the whole arrangement is 

divided into the following stages. 

1. Coal and ash handling arrangement 

2. Steam generating plant 

3. Steam turbine 

4. Alternator 

5. Feed water 

6. Cooling arrangement 

1. Coal & ash handling plant: - The coal is transported to the power station by road on rail & is stored in 

the coal storage plant. Storage of coal is primarily due to protection against coal is primarily due to 

protection against coal strikes, failure of transportation and general coal shortages. From the coal 

storage plant, coal is delivered to the coal handing plant where it is pulverized (i.e. crushing into 

small pieces ) in order to increase its surface exposure for rapid combustion. 

→The pulverized is fed to the failure by belt conveyors. The coal is burnt in the boiler & the ash 

produced is removed to the ash handing plant & then delivered ash storage plant for disposal. The 

removal of the ash from the boiler furnace is necessary for proper burning of coal. 

→In modern thermal station of 100MW a 50% load factor may burn about 20,000 tonnes of coal per 

month & ash produced may be is the range of 10 to 15% of the coal fire i.e. 2000 to 3000 tonnes. In fact 

in a thermal station about 50 to 60% of the total operating cost consists of fuel purchasing & handling. 

2) Steam generating plant:-It consists of a boiler for the production of steam & other auxiliary equipment 

for the utilization of flue gases. 

a) Boiler:-The heat of combustion of coal in the boiler is utilized to convert water into steam at high 

temperature & pressure. The flue gases from the boiler make their journey through super heater, 

economizer, air pre-heater & are finally exhausted to atmosphere through chimney. 

b) Super heater:-The steam produced in the boiler is wet & is passed through a super heater where it is 

dried & super heated (i.e. steam temperature increased above that of the boiling pt.of water) by the flue 

gases in their way to chimney. This super heating provides two benefits.Firstly, the overall efficiency is 

increased.Secondly, too much condensation in the last stages of the turbine is avoided. The super heated 

steam from the super heater is fed to steam turbine through the main valve. 

c) Economizer:-An economizer is essentially a feed water heater and derives heat from flue gases .For 

this purpose. The feed water is fed to the economizer before supplying to the boiler. The economizer 

extracts a part of heat of flue gases to increase the feed water temperature. 



d)Air preheater:-An air preheater increases the temperature of the supplied for coal burning by deriving 

air from the atmosphere by a forced draught fan and is passed through an air preheater extracts heat 

from the flue gases and increases the temperature of air used for coal combustion. The principle benefits 

of preheater are to increase thermal efficiency & to increase the steam capacity the square meter of the 

boiler furnace. 

3)Steam turbine:-The dried & super heated steam from the super heater is fed to the steam turbine 

through main valve. The heat energy of the steam when passing over the blades of the turbine is 

converted mechanical energy. After giving heat energy to the turbines, the steam is exhausted to the 

condenser which condenses the exhausted steam by means of cold water circulation. 

Alternator:-The steam turbine is coupled to an alternator. The alternator converts the mechanical energy 

of the turbine to electrical energy. The electrical output from the alternator is delivered to the bus bars 

through transformers circuit breakers and isolators. 

Feed water:-The condensate from the condenser is used as feed water to the boiler. Some water may be 

last in the cycle which is suitably made up from the external source. The feed water on its way to the 

boiler is heated by water heater & economizer. This helps is raising the overall efficiency of the plant. 

Coaling arrangement:-In order to improve the efficiency of the plant, the steam is exhausted from the 

turbine is condensed by means of acondenser.Water is drawn from a natural source of supply such as a 

river, canal or lake & is circulated over the condenser. The circulating water takes up the heat of the 

exhausted steam and itself becomes hot. This hot water coming out from the condenser is discharged at 

a suitable location down the river. In case the availability of water is not assured throughout the year, 

cooling, cooling towers are used. 

→During the scarcity of water in the river hot water from the condenser is passed on to the cooling 

towers where it is cooled. The cold water from the coaling tower is reused in the condenser. 

Selection of sites for steam power station:- Factors affecting the sites selection for thermal power 

station(TPS). 

1. Supply of the fuel:- (TPS) It should be located near the coal mines so that transportation cost of fuel 

is minimum.However,if it is installed anywhere at which coal is not available, care should be taken 

that adequate facilities should exit for the transportion. 

2. Availability of water:-As huge amount of water is required for the condenser, it should be located at 

the bank of a river (or) near to a canal to ensure the continuous supply of water. 

3. Transportation facilities:- The modern station ofter requires the transportation of material & 

machinery.Therefore,adequate transportation facilities must exit i.e.it should well connected to the 

other parts of the country either by road or rail etc. 

4. Cost and type of land:- IT should be located at a place where land is cheap & further extension is 

possible. The bearing of the ground should be adequate so that heavy equipment could be installed. 



5. Nearer to load centre’s:-In order to reduce the transmission cost the plant should be located. This is 

particularly important for DC supply system &less important for AC system. Because ac power are 

transmitted at high voltages with consequent reduced transmission cost. 

6. Distance from the populated area:- As huge amount of coal is burnt smoke & fumes produced, 

pollute the surrounding areas. This necessitates that the plant should be located at a considerable 

distance from the populated areas. 

Conclusion:-It is clear that all the above factors cannot be favorable at one place. However, keeping in 

view the fact, the site away from the towns may be selected. In particular a site by river side where 

sufficient water is available, no pollution of atmosphere occurs & fuel can be transported economically 

may perhaps be an ideal choice. 

Efficiency of a steam power station:- 

The overall efficiency of steam power station is quite low that is about 29% due to mainly 2 reasons. 

Firstly, huge amount of heat is lost in the condenser.Secondly, due to the heat losses occur at various 

stages in the plant. 

Thermal efficiency:-The ratio of the heat equivalent of mechanical energy transmitted to the turbine 

shaft to the heat of combustion of coal is known as thermal efficiency of the steam power station. 

Thermal efficiency: - (yE) It is defined as the ratio of the electrical energy delivered to the mechanical 

energy transmitted to the turbine shaft (alternator). 

Overall efficiency (yo);-The ratio of heat equivalent of electrical energy produced to the heat of coal 

combustion is known overall efficiency of the steam power station. 

Overall efficiency (yo) =Heat equivalent of electrical o/p/Heat of coal combustion 

                      =Heat of equivalent of mechanical energy/Heat of coal combustion*Heat equivalent of 

Electrical efficiency/Heat equivalent of mechanical energy 

=yE*yth 

 

 

A generating station which converts heat energy of coal combustion into electrical energy is known as a 

steam power station. 

     A steam power station basically works on the Rankine cycle. Steam is produced in the boiler by utilizing 

the heat of coal combustion. The steam is then expanded in the prime mover (i.e., steam turbine) and is 

condensed in a condenser to be fed into the boiler again. The steam turbine drives the alternator which 

converts mechanical energy of the turbine into electrical energy. This type of power station is suitable 

where coal and water are available in abundance and a large amount of electric power is to be generated. 

Advantages: 

(i) The fuel (i.e., coal) used is quite cheap. 



 (ii) Less initial cost as compared to other generating stations. 

(iii) It can be installed at any place irrespective of the existence of coal. The coal can be trans  ported to 

the site of the plant by rail or road. 

(iv) It requires less space as compared to the hydroelectric power station. 

 (v) The cost of generation is lesser than that of the diesel power station. 

Disadvantages 

i) It pollutes the atmosphere due to the production of large amount of smoke and fumes. 

(ii) It is costlier in running cost as compared to hydroelectric plant. 

 

Schematic Arrangement of Steam Power Station: 

 

Although steam power station simply involves the conversion of heat of coal combustion into electrical 

energy, yet it embraces many arrangements for proper working and efficiency. The schematic 

arrangement of a modern steam power station is shown in Fig. The whole arrangement can be divided 

into the following stages for the sake of simplicity: 

1. Coal and ash handling arrangement 

2. Steam generating plant  

3. Steam turbine 

4. Alternator  

 5. Feed water 

6. Cooling arrangement 

     1. Coal and ash handling plant: The coal is transported to the power station by road or rail and is 

stored in the coal storage plant. Storage of coal is primarily a matter of protection against coal strikes, 

failure of transportation system and general coal shortages. From the coal storage plant, coal is delivered 

to the coal handling plant where it is pulverised (i.e., crushed into small pieces) in order to increase its 

surface exposure, thus promoting rapid combustion without using large quantity of excess air. The 

pulverised coal is fed to the boiler by belt conveyors. The coal is burnt in the boiler and the ash produced 

after the complete combustion of coal is removed to the ash handling plant and then delivered to the ash 

storage plant for disposal. The removal of the ash from the boiler furnace is necessary for proper burning 

of coal. 

     It is worthwhile to give a passing reference to the amount of coal burnt and ash produced in a modern 

thermal power station. A 100 MW station operating at 50% load factor may burn about 20,000 tons of 

coal per month and ash produced may be to the tune of 10% to 15% of coal fired i.e., 2,000 to 3,000 tons. 

In fact, in a thermal station, about 50% to 60% of the total operating cost consists of fuel purchasing and 

its handling. 



 

 

 

2. Steam generating plant. The steam generating plant consists of a boiler for the production of steam and 

other auxiliary equipment for the utilization of flue gases. 

       (i) Boiler. The heat of combustion of coal in the boiler is utilized to convert water into steam at high 

temperature and pressure. The flue gases from the boiler make their journey through super heater, 

economizer, air pre-heater and are finally exhausted to atmosphere through the chimney. 

      (ii) Superheater. The steam produced in the boiler is wet and is passed through a super heater where it 

is dried and superheated (i.e., steam temperature increased above that of boiling point of water) by the 

flue gases on their way to chimney. Superheating provides two principal benefits. Firstly, the overall 



efficiency is increased. Secondly, too much condensation in the last stages of turbine (which would cause 

blade corrosion) is avoided. The superheated steam from the superheateris fed to steam turbine through 

the main valve. 

    (iii) Economiser. An economiser is essentially a feed water heater and derives heat from the flue gases 

for this purpose. The feed water is fed to the economiser before supplying to the boiler. The economiser 

extracts a part of heat of flue gases to increase the feed water temperature. 

     (iv) Air preheater. An air preheater increases the temperature of the air supplied for coal burning by 

deriving heat from flue gases. Air is drawn from the atmosphere by a forced draught fan and is passed 

through air preheater before supplying to the boiler furnace. The air preheater extracts heat from flue 

gases and increases the temperature of air used for coal combustion. The principal benefits of preheating 

the air are : increased thermal efficiency and increased steam capacity per square metre of boiler surface. 

      3. Steam turbine. The dry and superheated steam from the superheater is fed to the steam turbine 

through main valve. The heat energy of steam when passing over the blades of turbine is converted into 

mechanical energy. After giving heat energy to the turbine, the steam is exhausted to the condenser 

which condenses the exhausted steam by means of cold water circulation. 

      4. Alternator. The steam turbine is coupled to an alternator. The alternator converts mechanical 

energy of turbine into electrical energy. The electrical output from the alternator is delivered to the bus 

bars through transformer, circuit breakers and isolators. 

      5. Feed water. The condensate from the condenser is used as feed water to the boiler. Some water 

may be lost in the cycle which is suitably made up from external source. The feed water on its way to the 

boiler is heated by water heaters and economiser. This helps in raising the overall efficiency of the plant. 

      6. Cooling arrangement. In order to improve the efficiency of the plant, the steam exhausted from the 

turbine is condensed* by means of a condenser. Water is drawn from a natural source of supply such as a 

river, canal or lake and is circulated through the condenser. The circulating water takes up the heat of the 

exhausted steam and it self becomes hot. This hot water coming out from the condenser is discharged at 

a suitable location down the river. In case the availability of water from the source of supply is not 

assured throughout the year, cooling towers are used. During the scarcity of water in the river, hot water 

from the condenser is passed on to the cooling towers where it is cooled. The cold water from the cooling 

tower is reused in the condenser.  

 

Choice of Site for Steam Power Stations: 

In order to achieve overall economy, the following points should be considered while selecting a site for a 

steam power station: 



     (i) Supply of fuel. The steam power station should be located near the coal mines so that transportation 

cost of fuel is minimum. However, if such a plant is to be installed at a place where coal is not available, 

then care should be taken that adequate facilities exist for the transportation of coal. 

     (ii) Availability of water. As huge amount of water is required for the condenser, therefore, such a plant 

should be located at the bank of a river or near a canal to ensure the continuous supply of water. 

     (iii) Transportation facilities. A modern steam power station often requires the transportation of 

material and machinery. Therefore, adequate transportation facilities must exist i.e., the plant should be 

well connected to other parts of the country by rail, road. etc. 

     (iv) Cost and type of land. The steam power station should be located at a place where land is cheap 

and further extension, if necessary, is possible. Moreover, the bearing capacity of the ground should be 

adequate so that heavy equipment could be installed. 

     (v) Nearness to load centres. In order to reduce the transmission cost, the plant should be located near 

the centre of the load. This is particularly important if d.c. supply system is adopted. However, if a.c. 

supply system is adopted, this factor becomes relatively less important. It is because a.c. power can be 

transmitted at high voltages with consequent reduced transmission cost. Therefore, it is possible to install 

the plant away from the load centres, provided other conditions are favourable. 

     (vi) Distance from populated area. As huge amount of coal is burnt in a steam power station, therefore, 

smoke and fumes pollute the surrounding area. This necessitates that the plant should be located at a 

considerable distance from the populated areas. 

     Conclusion: It is clear that all the above factors cannot be favourable at one place. However, keeping in 

view the fact that now-a-days the supply system is a.c. and more importance is being given to generation 

than transmission, a site away from the towns may be selected. In particular, a site by river side where 

sufficient water is available, no pollution of atmosphere occurs and fuel can be transported economically, 

may perhaps be an ideal choice. 

 

Efficiency of Steam Power Station: 

 

The overall efficiency of a steam power station is quite low (about 29%) due mainly to two reasons. 

Firstly, a huge amount of heat is lost in the condenser and secondly heat losses occur at various stages of 

the plant. The heat lost in the condenser cannot be avoided. It is because heat energy cannot be 

converted into mechanical energy without temperature difference. The greater the temperature 

difference, the greater is the heat energy converted* into mechanical energy. This necessitates to keep 

the steam in the condenser at the lowest temperature. But we know that greater the temperature 

difference, greater is the amount of heat lost. This explains for the low efficiency of such plants. 



      (i) Thermal efficiency. The ratio of heat equivalent of mechanical energy transmitted to the turbine 

shaft to the heat of combustion of coal is known as thermal efficiency of steam power station. 

 Heat equivalent of mech. Energy transmitted to turbine shaft Thermal efficiency, 

                      η thermal = Heat of coal combustion 

     The thermal efficiency of a modern steam power station is about 30%. It means that if 100 calories of 

heat is supplied by coal combustion, then mechanical energy equivalent of 30 calories will be available at 

the turbine shaft and rest is lost. It may be important to note that more than 50% of total heat of 

combustion is lost in the condenser. The other heat losses occur in flue gases, radiation, ash etc. 

     (ii) Overall efficiency. The ratio of heat equivalent of electrical output to the heat of combustion of coal 

is known as overall efficiency of steam power station i.e. Heat of combustion of coal 

     The overall efficiency of a steam power station is about 29%. It may be seen that overall efficiency is 

less than the thermal efficiency. This is expected since some losses (about 1%) occur in the alternator. The 

following relation exists among the various efficiencies. 

                 Overall efficiency = Thermal efficiency × Electrical efficiency 

 

Equipment of Steam Power Station: 

 

A modern steam power station is highly complex and has numerous equipment and auxiliaries. However, 

the most important constituents of a steam power station are: 

     1. Steam generating equipment 

     2. Condenser 

     3. Prime mover 

     4. Water treatment plant 

     5. Electrical equipment. 

     1. Steam generating equipment. This is an important part of steam power station. It is concerned with 

the generation of superheated steam and includes such items as boiler, boiler furnace superheater, 

economiser, air preeater and other heat reclaiming devices. 

      (i) Boiler. A boiler is closed vessel in which water is converted into steam by utilising the heat of coal 

combustion. Steam boilers are broadly classified into the following two types: 

     (a) Water tube boilers  (b) Fire tube boilers 

     In a water tube boiler, water flows through the tubes and the hot gases of combustion flow over these 

tubes. On the other hand, in a fire tube boiler, the hot products of combustion pass through the tubes 

surrounded by water. Water tube boilers have a number of advantages over fire tube boilers viz., require 

less space, smaller size of tubes and drum, high working pressure due to small drum, less liable to 



explosion etc. Therefore, the use of water tube boilers has become universal in large capacity steam 

power stations. 

     (ii) Boiler furnace. A boiler furnace is a chamber in which fuel is burnt to liberate the heat energy. In 

addition, it provides support and enclosure for the combustion equipment i.e., burners.  

The boiler furnace walls are made of refractory materials such as fire clay, silica, kaolin etc. These 

materials have the property to resist change of shape, weight or physical properties at high temperatures. 

There are following three types of construction of furnace walls: 

     (a) Plain refractory walls 

     (b) Hollow refractory walls with an arrangement for air cooling 

     (c) Water walls. 

     The plain refractory walls are suitable for small plants where the furnace temperature may not be high. 

However, in large plants, the furnace temperature is quite high* and consequently, the refractory 

material may get damaged. In such cases, refractory walls are made hollow and air is circulated through 

hollow space to keep the temperature of the furnace walls low. The recent development is to use water 

walls. These consist of plain tubes arranged side by side and on the inner face of the refractory walls. The 

tubes are connected to the upper and lower headers of the boiler. The boiler water is made to circulate 

through these tubes. The water walls absorb the radiant heat in the furnace which would otherwise heat 

up the furnace walls. 

     (iii) Super heater: A super heater is a device which superheats the steam i.e., it raises the temperature 

of steam above boiling point of water. This increases the overall efficiency of the plant. A super heater 

consists of a group of tubes made of special alloy steels such as chromium-molybdenum. These tubes are 

heated by the heat of flue gases during their journey from the furnace to the chimney. The steam 

produced in the boiler is led through the super heater where it is superheated by the heat of flue gases. 

Super heaters are mainly classified into two types according to the system of heat transfer from flue gases 

to steam viz. 

      (a) Radiant super heater (b) Convection super heater 

      The radiant super heater is placed in the furnace between the water walls and receives heat from the 

burning fuel through radiation process. It has two main disadvantages. Firstly, due to high furnace 

temperature, it may get overheated and, therefore, requires a careful design. Secondly, the temperature 

of super heater falls with increase in steam output. Due to these limitations, radiant super heater is not 

finding favour these days. On the other hand, a convection superheater is placed in the boiler tube bank 

and receives heat from flue gases entirely through the convection process. It has the advantage that 

temperature of superheater increases with the increase in steam output. For this reason, this type of 

superheater is commonly used these days. 



      (iv) Economiser. It is a device which heats the feed water on its way to boiler by deriving heat from the 

flue gases. This results in raising boiler efficiency, saving in fuel and reduced stresses in the boiler due to 

higher temperature of feed water. An economiser consists of a large number of closely spaced parallel 

steel tubes connected by headers of drums. The feed water flows through these tubes and the flue gases 

flow outside. A part of the heat of flue gases is transferred to feed water, thus raising the temperature of 

the latter. 

      (v) Air Pre-heater. Super heaters and economisers generally cannot fully extract the heat from flue 

gases. Therefore, pre-heaters are employed which recover some of the heat in the escaping gases. The 

function of an air pre-heater is to extract heat from the flue gases and give it to the air being supplied to 

furnace for coal combustion. This raises the furnace temperature and increases the thermal efficiency of 

the plant. Depending upon the method of transfer of heat from flue gases to air, air pre-heaters are 

divided into the following two classes: 

      (a) Recuperative type (b) Regenerative type 

      The recuperative type air-heater consists of a group of steel tubes. The flue gases are passed through 

the tubes while the air flows externally to the tubes. Thus heat of flue gases is transferred to air. The 

regenerative type air pre-heater consists of slowly moving drum made of corrugated metal plates. The 

flue gases flow continuously on one side of the drum and air on the other side. This action permits the 

transference of heat of flue gases to the air being supplied to the furnace for coal combustion. 

      2. Condensers. A condenser is a device which condenses the steam at the exhaust of turbine. It serves 

two important functions. Firstly, it creates a very low *pressure at the exhaust of turbine, thus permitting 

expansion of the steam in the prime mover to a very low pressure. This helps in converting heat energy of 

steam into mechanical energy in the prime mover. Secondly, the condensed steam can be used as feed 

water to the boiler. There are two types of condensers, namely: 

       (i) Jet condenser (ii) Surface condenser 

      In a jet condenser, cooling water and exhausted steam are mixed together. Therefore, the 

temperature of cooling water and condensate is the same when leaving the condenser.  

Advantages of this type of condenser are: low initial cost, less floor area required, less cooling water 

required and low maintenance charges.  

However, its disadvantages are: condensate is wasted and high power is required for pumping water. 

      In a surface condenser, there is no direct contact between cooling water and exhausted steam. It 

consists of a bank of horizontal tubes enclosed in a cast iron shell. The cooling water flows through the 

tubes and exhausted steam over the surface of the tubes. The steam gives up its heat to water and is itself 

condensed. 

 Advantages of this type of condenser are: condensate can be used as feed water, less pumping power 

required and creation of better vacuum at the turbine exhaust.  



However, disadvantages of this type of condenser are: high initial cost requires large floor area and high 

maintenance charges. 

     3. Prime movers. The prime mover converts steam energy into mechanical energy. There are two types 

of steam prime movers viz., steam engines and steam turbines. A steam turbine has several advantages 

over a steam engine as a prime mover viz., high efficiency, simple construction, higher speed, less floor 

area requirement and low maintenance cost. Therefore, all modern steam power stations employ steam 

turbines as prime movers. 

    Steam turbines are generally classified into two types according to the action of steam on moving 

blades viz. 

     (i) Impulse turbines (ii) Reactions turbines 

     In an impulse turbine, the steam expands completely in the stationary nozzles (or fixed blades), the 

pressure over the moving blades remaining constant. In doing so, the steam attains a high velocity and 

impinges against the moving blades. This results in the impulsive force on the moving blades which sets 

the rotor rotating. In a reaction turbine, the steam is partially expanded in the stationary nozzles, the 

remaining expansion takes place during its flow over the moving blades. The result is that the momentum 

of the steam causes a reaction force on the moving blades which sets the rotor in motion. 

      4. Water treatment plant. Boilers require clean and soft water for longer life and better efficiency. 

However, the source of boiler feed water is generally a river or lake which may contain suspended and 

dissolved impurities, dissolved gases etc. Therefore, it is very important that water is first purified and 

softened by chemical treatment and then delivered to the boiler. The water from the source of supply is 

stored in storage tanks. The suspended impurities are removed through sedimentation, coagulation and 

filtration. Dissolved gases are removed by aeration and degasification. The water is then ‘softened’ by 

removing temporary and permanent hardness through different chemical processes. The pure and soft 

water thus available is fed to the boiler for steam generation. 

5. Electrical equipment. A modern power station contains numerous electrical equipment. However, the 

most important items are: 

    (i) Alternators. Each alternator is coupled to a steam turbine and converts mechanical energy of the 

turbine into electrical energy. The alternator may be hydrogen or air cooled. The necessary excitation is 

provided by means of main and pilot exciters directly coupled to the alternator shaft. 

   (ii) Transformers. A generating station has different types of transformers, viz.,  

(a) Main step-up transformers which step-up the generation voltage for transmission of power. 

(b) Station transformers which are used for general service (e.g., lighting) in the power station. 

(c) Auxiliary transformers which supply to individual unit-auxiliaries. 

(iii) Switchgear. It houses such equipment which locates the fault on the system and isolates the faulty 

part from the healthy section. It contains circuit breakers, relays, switches and other control devices. 



 

 

 



 





 

 

 

 

 

 



Unit – III 

Nuclear Power Station 

A generating station in which nuclear energy is converted into electrical energy is known as a nuclear 

power station. 

In nuclear power station, heavy elements such as Uranium (U ) or Thorium (Th ) are subjected to 

nuclear fission  in a special apparatus known as a reactor. The heat energy thus released is utilized in 

raising steam at high temperature and pressure. The steam runs the steam turbine which converts steam 

energy into mechanical energy. The turbine drives the alternator which converts mechanical energy into 

electrical energy. 

The most important feature of a nuclear power station is that huge amount of electrical energy 

can be produced from a relatively small amount of nuclear fuel as compared to other conventional types 

of power stations. It has been found that complete fission of 1 kg of Uranium (U ) can produce as much 

energy as can be produced by the burning of 4,500 tons of high grade coal. Although the recovery of 

principal nuclear fuels (i.e., Uranium and Thorium) is difficult and expensive, yet the total energy content 

of the estimated world reserves of these fuels are considerably higher than those of conventional fuels, 

viz., coal, oil and gas. At present, energy crisis is gripping us and, therefore, nuclear energy can be 

successfully employed for producing low cost electrical energy on a large scale to meet the growing 

commercial and industrial demands. 

 

Advantages: 

 

I. The amount of fuel required is quite small. Therefore, there is a considerable saving in the cost of 

fuel transportation. 

II. A nuclear power plant requires less space as compared to any other type of the same size. 

III. It has low running charges as a small amount of fuel is used for producing bulk electrical energy. 

IV. This type of plant is very economical for producing bulk electric power. 

V. It can be located near the load centers because it does not require large quantities of water  and 

need not be near coal mines. Therefore, the cost of primary distribution is reduced. 

VI. There are large deposits of nuclear fuels available all over the world. Therefore, such plants can 

ensure continued supply of electrical energy for thousands of years. 

VII. It ensures reliability of operation. 

 

Disadvantages: 

 

I. The fuel used is expensive and is difficult to recover. 



II. The capital cost on a nuclear plant is very high as compared to other types of plants. 

III. The erection and commissioning of the plant requires greater technical know-how. 

IV. The fission by-products are generally radioactive and may cause a dangerous amount of 

radioactive pollution. 

V. Maintenance charges are high due to lack of standardization. Moreover, high salaries of specially 

trained personnel employed to handle the plant further raise the cost. 

VI. Nuclear power plants are not well suited for varying loads as the reactor does not respond to the 

load fluctuations efficiently. 

VII. The disposal of the by-products, which are radioactive, is a big problem. They have either to be 

disposed off in a deep trench or in a sea away from sea-shore. 

 

Schematic Arrangement of Nuclear Power Station: 

  

The schematic arrangement of a nuclear power station is shown in Fig; the whole arrangement can be 

divided into the following main stages: 

(i) Nuclear reactor 

(ii) Heat exchanger 

(iii) Steam turbine 

(iv) Alternator. 

 

 



 

 

(i) Nuclear reactor. It is an apparatus in which nuclear fuel (U ) is subjected to nuclear     fission. It controls 

the chain reaction* that starts once the fission is done. If the chain     reaction is not controlled, the result 

will be an explosion due to the fast increase in the     energy released.     A nuclear reactor is a cylindrical 

stout pressure vessel and houses fuel rods of Uranium,     moderator and control rods (See Fig.) The fuel 

rods constitute the fission material and     release huge amount of energy when bombarded with slow 

moving neutrons. The moderator consists of graphite rods which enclose the fuel rods. The moderator 

slows down the neutrons before they bombard the fuel rods. The control rods are of cadmium and are 

inserted into the reactor. Cadmium is strong neutron absorber and thus regulates the supply of neutrons 

for fission. When the control rods are pushed in deep enough, they absorb most of fission neutrons and 

hence few are available for chain reaction which, therefore, stops.  However, as they are being 



withdrawn, more and more of these fission neutrons cause fission and hence the intensity of chain 

reaction (or heat produced) is increased. Therefore, by pulling out the control rods, power of the nuclear 

reactor is increased, whereas by pushing them in, it is reduced. In actual practice, the lowering or raising 

of control rods is accomplished automatically according to the requirement of load. The heat produced in 

the reactor is removed by the coolant, generally a sodium metal. The coolant carries the heat to the   heat 

exchanger. 

 

 

 

 

(ii) Heat exchanger: The coolant gives up heat to the heat exchanger which is utilized in raising the steam. 

After giving up heat, the coolant is again fed to the reactor. 

(iii) Steam turbine: The steam produced in the heat exchanger is led to the steam turbine through a valve. 

After doing a useful work in the turbine, the steam is exhausted to condenser. The condenser condenses 

the steam which is fed to the heat exchanger through feed water pump. 

(iv) Alternator: The steam turbine drives the alternator which converts mechanical energy into electrical 

energy. The output from the alternator is delivered to the bus-bars through transformer, circuit breakers 

and isolators. 

 

Selection of Site for Nuclear Power Station: 

 

The following points should be kept in view while selecting the site for a nuclear power station: 

       (i) Availability of water. As sufficient water is required for cooling purposes, therefore, the 



           plant site should be located where ample quantity of water is available, e.g., across a river or  by 

sea-side. 

      (ii) Disposal of waste. The waste produced by fission in a nuclear power station is generally radioactive 

which must be disposed off openly to avoid health hazards. The waste should either be buried in a deep 

trench or disposed off in sea quite away from the sea shore. Therefore, the site selected for such a plant 

should have adequate arrangement for the disposal of radioactive waste. 

    (iii) Distance from populated areas. The site selected for a nuclear power station should be quite away 

from the populated areas as there is a danger of presence of radioactivity in the atmosphere near the 

plant. However, as a precautionary measure, a dome is used in the plant which does not allow the 

radioactivity to spread by wind or underground waterways. 

     (iv) Transportation facilities: The site selected for a nuclear power station should have adequate 

facilities in order to transport the heavy equipment during erection and to facilitate the move ment of the 

workers employed in the plant. From the above mentioned factors it becomes apparent that ideal choice 

for a nuclear power station would be near sea or river and away from thickly populated areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Comparison of Various Power plants: 

 

 

 

 

 

 

 

 



 

GAS POWER STATIONS: 

Air insulated power transmission and distribution sub-stations suffer variations in the dielectric 

capability of air to withstand varying ambient conditions and deterioration of the exposed components 

due to oxidisation and the corrosive nature of the environment. The size of the sub-station is also 

substantial due to the poor dielectric strength of air. In order to enhance the life and reliability of a power 

transmission and distribution sub-station, it is desirable to protect the sub-station components from a 

corrosive and oxidising environment. Metal encapsulation of the sub-station elements provides a simple 

and effective solution to the problem of durability of the sub-stations. The use of a bus duct, with 

pressurised nitrogen gas, is a good example of devices with metal encapsulation used in power sub-

stations. The size of the container is a direct function of the dielectric strength of the insulating medium. 

The container/enclosure sizes are thus large with a poor insulation like air or nitrogen. The use of a 

gaseous medium with higher dielectric The size and weight of the higher kV class GIS equipment increases 

marginally over the 145 kV class GIS equipment, while the floor loading is limited to about 1000 kg/sq.m. 

This characteristic of the GIS helps to upgrade the sub-station vertically in future. The saving in space 

consequently results in less civil work and reduction in the installation time for an EHV sub-station with 

GIS strength like sulphur hexafluoride (SF6) instead of air helps in manifold reduction in the size of the 

sub-station component. The grounded metal encapsulation, on the other hand, makes the equipment 

safe, as the live components are no longer within the reach of the operator. The electric field intensity, at 

the enclosure surface, is reduced to zero as the enclosure is solidly grounded. Using this design 

philosophy, sub-station/switchyard equipment, like circuit breakers, disconnectors, earth switches, 

busbars and instrument transformers (both current and voltage), have been metal-encapsulated or metal-

enclosed and pressurised with SF6 since 1968. The assembly of such equipment at a sub-station is defined 

as Gas Insulated and Metal Enclosed System (GIMES) by the International Electrotechnical Commission 

(IEC). The equipment is popularly known as a Gas Insulated Sub-station (GIS) system. The term GIS is also 

sometimes used to refer to Gas Insulated Switchgear. 

 

Medium voltage GIS equipment features vacuum as the interrupting medium and SF6 gas as the 

main insulation. Designs using SF6 medium for both insulation and interruption are also available. Two 

operating pressures are specified for such equipment (one for insulation and the other for interruption). 

The high and extra-high voltage GIS are essentially two-pressure systems. They are used in high and extra 

high voltage classes where vacuum interrupters are not available. 

 

Metal encapsulation and SF6 gas insulation of the live high voltage sub-station components in a 

GIS result in reduced space requirement, to one-sixth (~15 per cent), as compared to a conventional air 



insulated yard sub-station. The size is reduced to about 8 per cent for a higher kV class GIS.  

GIS are available internationally, covering the complete voltage range from 11 kV to 800 kV. The 

thermal current-carrying capacities and the fault-withstanding capabilities are tailored to meet all the 

sub-station requirements. More than 100,000 GIS bays have been in service all over the world since the 

introduction of such sub-station systems in the transmission and distribution field. 

 

DESIGN 

Single Line Diagram 

A sub-station consists of many sections/bays. The main equipment in a section consists of circuit 

breakers, isolators or disconnectors, earth switches, current transformers, surge arrestors, etc. Figure 

shows a single line diagram of a section at a sub-station identifying different components. Single busbar, 

double busbar and 3/2 circuit breaker are popular configurations at substations. 

 

Fig: Single line diagram for a double bus section 

 

COMPONENTS/MODULES: 

The following are the principle gas insulated modules for a sub-station: 

 

1. Busbar, 

2. Disconnector or isolator, 

3. Circuit breaker, 

4. Current transformer  and 

5. Earth switch. 

 



 

The auxiliary gas insulated module or accessories, excluding control panel, that are required to complete a 

sub-station are: 

1. Terminations 

2. Instrument voltage transformer  and 

3. Surge and lightning arrestor. 

 

Busbar: 

The busbar is one of the most elementary components of the GIS system. Co-axial bus bars are 

common in isolated-phase GIS as this configuration results in an optimal stress distribution. Bus bars of 

different lengths are used in GIS to cater to the requirement of circuit or the bay formation. The high 

voltage conductor (copper/aluminium) is centrally placed in a tubular metal enclosure. The conductor is 

supported, at a uniform distance, by the disc or post insulator to maintain concentricity. Two sections of 

bus are joined by using plug-in connecting elements. Various sizes of the bus enclosures are shown in Fig.  

 

Fig: Metal enclosures for GIS busbars 

 

a) Connectors: 

The high voltage and high current electrical connections from one module to another in a gas 

insulated sub-station system are carried out with the help of the following two types of spring loaded 

plug-in contacts: 

1. Spring loaded fingers or bridge contacts  and 

2. Multi-lam contacts. 

These two plug-in contact systems impart the maximum flexibility during assembly and dismantling. Both 

these contacts offer plug-in features and are suitable for tubular conductors. The connections made are 

reliable without the need for any additional hardware to secure their location. The bridge contacts (see 

Fig.) use the conventional spring-loaded, silver-plated forged copper contact fingers as the current 



carriers. The forged copper fingers and the non-magnetic springs are housed on the inner periphery of a 

metallic casing. The contact points are pre-loaded with springs (helical or leaf) placed between the 

contact and the casing. The pre-loaded springs provide the requisite contact pressure under normal and 

dynamic fault conditions. The multi-lam contacts are made from copper-beryllium sheet (0.15 to 0.4 mm 

thick). These contacts are available in the form of a ribbon on which several such contacts are pre-formed. 

The total thermal current is conducted in parallel paths, formed by each contact (see Fig. 5.8). This 

division of current helps in weakening the electro-dynamic repulsive force and in improving the short time 

peak-current rating of the system. The stiffness of the material is used here to replace springs in the 

conventional system. The contact is retained in a twisted form in the recess between two parent 

conductors (the fixed and the removable contact) in such a way that it exerts sufficient contact pressure. 

The physical location of the contacts on the busbar is secured mechanically by using a special groove and 

stainless steel wire loops. The contacts are electro-plated with silver to reduce both sliding friction and 

contact resistance. The multi-lam contacts are characterized by excellent electrical conductivity, high 

continuous current-carrying capacity, high short-circuit current-carrying capacity and low contact 

resistance. The multi-lam contact provides large radial tolerance and angular misalignment. The contacts 

are assembled easily. 

 

 

Fig: Spring-loaded connector for GIS busbar 

 



Fig: Multi-lam contact system 

 

A T-joint (metal casting) used for tapping a high voltage connection in GIS is shown in Fig. The joint houses 

a pair of multi-lam contacts in the cavity provided for connection to the new element.  

 

T-joint for a GIS system 

The size and diameter of the HT conductor in an isolated-phase system are governed by the ratio of the 

conductor and the enclosure (maintained around 1/2.82), while the thermal current rating controls the 

section of this HT conductor. Tubular sections provide a large surf ace area for heat transfer and improve 

the heat dissipation rate to the gas. 

 

b) Insulating Materials and Insulators 

Insulating materials like sheet moulding compound (SMC), dow moulding compound (DMC), 

glass fibre reinforced plastics, compression and thermo-setting plastics, and refractory-based insulating 

materials like cordrite and alumina are commonly used in low tension (LT) and air insulated sub-station 

applications. Of these insulations, glass/silica-based systems are generally found unsuitable for SF6 

applications due to their weak resistance to hydrofluoric acid (a by product of moisture and decomposed 

SF6). Large shrinkage and instability at higher working temperatures prohibit the use of plastics in GIS. 

Stable polymers like PTFE (poly tetra fluoroethane) are selectively used in GIS and associated accessories. 

Ceramic and high-alumina ceramics are also used in GIS as solid insulation materials between the live 

conductor and the enclosures. However, their poor mechanical and thermal shock-withstanding 

capabilities and difficult processing and manufacturing cycles have limited the use of ceramics in GIS. 

Insulating materials like PTFE (teflon) with very high volume resistivity retain electrical charges 

for long durations. This material property is sometimes undesirable and causes deterioration in the 

performance of GIS (critically for direct current applications). The stagnation of charge locally modifies 

local potential and the electrical field. The electrical stresses in the system thus get modified 



unpredictably from the designed values. In an ac system, this trapped charge concentration also varies 

with time and adversely affects the electric field intensities. The use of materials promoting charge 

concentration is thus avoided in gas insulated systems. 

Alumina-filled epoxy matrix is a common insulating material for GIS-related applications. The 

filler alumina offers good resistance to decomposed SF6 products like hydrofluoric acid (HF) as compared 

to silica or felspar (common fillers used with epoxy). The matrix of epoxy resin and filler, in liquid form, is 

readily cast in metal moulds at moderate temperatures and is gelled quickly at increased temperatures to 

reduce the component manufacturing cycle. The components are post-cured for obtaining good 

mechanical characteristics in hot air ovens.  

Disc and post are the preferred shapes and types of support insulators for GIS. The disc insulators 

are conical in shape and are also known as funnel insulators. The disc insulators are further sub-divided 

into: 

 

1. Communicating and 

2. Non-communicating insulators. 

The two types of disc insulators are shown in Fig. 5.10 and Fig. 5.11, respectively. The communicating 

insulators help in establishing gas continuity between the two adjacent enclosures, while in situations 

where the gas communication between two sections is undesirable, a non-communicating insulator is 

used. Solid core epoxy insulators are commonly used to support bus bars in three-phase common GIS 

systems. The drive insulators are fibre-reinforced epoxy and filled epoxy systems. 

 

Fig: Support insulator for GIS (communicating) 

 



Fig: Support insulator for GIS (non-communicating) 

The post insulators are cylindrical or oval in shape. The surface of the insulator is smooth for 

minimising particle attachment. A few manufacturers also use shaded post insulators with small 

projections/shades. 

Rib insulator, a variant of the post insulator, combines two post insulators in one. This insulator 

supports a tubular bus conductor and provides additional rigidity to the conductor. Since it is anchored at 

two ends to the enclosure, the insulator is lightly stressed during faults. Bus systems with such insulators 

provide better fault withstanding capabilities. Figure shows the view of a 145 kV, three-phase bus with rib 

insulators. The equipment uses two rib insulators per phase for supporting the individual bus bars. A 

three-phase disc insulator, Fig. 5.13, is used to support a three-phase busbar and to limit the pressure-rise 

to the affected enclosure in the conditions of an arc fault. 

 

Three-phase bus module with rib insulators 

 

Support insulator for three-phase GIS 

 



 

DISCONNECTOR (ISOLATORS) 

Isolators are placed in series with the circuit breaker to provide additional protection and 

physical isolation. In a circuit, two isolators are generally used, one on the line side and the other on the 

feeder side. Isolators are designed for the interruption of small currents, induced or capacitively coupled. 

The isolators can be motorised or driven manually. In GIS systems, motorised isolators are preferred. A 

pair of fixed contacts and a moving contact form the active parts of an isolator. The fixed contacts are 

separated by an isolating gas gap. During the closing operation, this gap is bridged by the moving contact. 

The moving contact is attached to a suitable drive, which imparts the desired linear displacement to the 

moving contact at a pre-determined design speed. A firm contact is established between the two contacts 

with the help of spring-loaded fingers or the multi-lam contacts. The isolation gap is designed for the 

voltage class of the isolator and the safe dielectric strength of the gas. Figure 5.14 shows a cross-section 

of an isolated-phase GIS isolator. 

 

Cross-section of an isolated-phase GIS isolator 

 

An insulator is used to drive the moving contact and to isolate the drive from the high voltage 



components of the isolator. The shape and size of the insulator are controlled by the electrical and 

mechanical requirements of the isolator. In three-phase ac systems, the individual phase isolators are 

ganged together to operate simultaneously. Leak-tight rotary seals are used in gas insulated isolators for 

transferring motion from external drive to the gas. Isolators in high voltage GIS operate at SF6 pressures 

of 0.38 MPa to 0.45 MPa. The operating speed of the isolator moving contact ranges from 0.1 to 0.3 

m/sec. The design of electrostatic shields on two fixed contacts and the earth side of the drive insulator 

plays an important role in ensuring the satisfactory performance of a gas insulated isolator. 

 

CIRCUIT BREAKER 

The circuit breaker is the most critical part of a gas insulated sub-station system. The circuit 

breaker in a gas insulated system is metal-clad and utilises SF6 gas, both for insulation and fault 

interruption. The SF6 gas pressure in a circuit breaker is around 0.65 MPa. The circuit breaker is directly 

connected to either current transformers or the isolators in gas. A barrier is maintained between the 

circuit breaker and the other connected equipment, operating at lower gas pressure, to maintain a 

pressure difference. 

Puffer SF6 circuit breakers are commonly used to accomplish fault current interruption in gas 

insulated sub-station systems. In three-phase common modules of circuit breakers, hot gas mix-up is 

checked to prevent inter-phase short-circuit by electrically conducting hot gas. Spring, spring-hydraulic 

and pure hydraulic are the preferred drives for the circuit breakers of gas insulated sub-stations. Hydraulic 

drives are reliable, robust and compact as compared to their spring counterparts. Hydraulic drives can be 

interfaced to the circuit breaker directly without any intermediate motion seals and linkages. The spring 

drives are relatively cheaper and can be used only with the state-of-the-art self-blast or hybrid circuit 

breakers. Opening speeds in the range of 6.0 to 8.0 m/sec and operating energies in the range of 4500 to 

8500 Nm are common for operating the GIS circuit breakers. 

As a safety device, the circuit breaker enclosure features a rupture diaphragm or a spring loaded 

plate valve. This arrangement vents high pressure gas, if it is above proof pressure, during extensive 

arcing or pressure build-up for some reason in the circuit breaker enclosure. The circuit breaker enclosure 

also serves as the main support element for the individual GIS bay. The GIS circuit breakers are oriented 

both in horizontal and vertical configurations, depending on the system requirements and ease of 

installation. A cross-section of a GIS circuit breaker is given in Fig.  

 



 

Cross-section of a GIS circuit breaker 

 

CURRENT TRANSFORMER 

The conventional sub-stations use either live-tank or dead-tank type current transformers with 

Oil/SF6 insulation. A porcelain insulator is used to insulate the low potential section of the current 

transformer from the high voltage zone. Ribbon or cut silicon steel cores are used for the magnetic circuit 

of the current transformer for obtaining the desired ratio and accuracy. Hairpin shaped primary conductor 

is the standard geometry for a dead-tank type current transformer. 

The current transformers in gas insulated systems are essentially in-line current transformers. 

Gas insulated current transformers, with classical coaxial geometry, consist of the following parts: the 

tubular primary conductor; an electrostatic shield; ribbon-wound toroidal core and the gas tight 

enclosure. The primary of a current transformer is a tubular metal conductor linking two gas insulated 

modules, placed on either side of the current transformer. Disc insulators, at either end of the current 

transformer enclosure, support this high voltage conductor. One end of the conductor end is solidly 

fastened, while the other end is provided with a sliding joint, which compensates for the thermal 

expansion of the conductor and simplifies the assembly of the current transformer module. A ribbon-

wound silicon steel core (formed in toroidal shape) is used for the magnetic circuit of the current 

transformer. A coaxial electrostatic shield, at ground potential, is placed between the high voltage 

primary and the toroidal magnetic core of the current transformer for ensuring zero potential at the 

secondary of the current transformer. The electrostatic shield also helps in generating a perfect coaxial 

geometry and uniform electrical field in the gas gap. The secondary connections are accessed through a 

leak-tight terminal block or a circular connector, bolted to the current transformer enclosure by using 

appropriate seals and gaskets. 



The enclosure of a current transformer is designed to accommodate the desired number of 

current transformers and connectors. The length of the current transformer module thus changes with 

the number and types of current transformers specified. The magnetic core and the secondary winding 

assembly of the current transformer are supported in gas by an enclosure or a grounded support 

enveloping the core and the winding. The accuracy of gas insulated current transformers for their  

classical coaxial geometry is the highest as it meets all the standard (IEC-185) requirements. 

 

EARTH SWITCH 

Fast earth switch and maintenance earth switch are the two types of earth switches used for gas 

insulated sub-station systems. The maintenance earth switch is a slow device used to ground the high 

voltage conductors during maintenance schedules, in order to ensure the safety of the maintenance staff. 

The fast earth switch, on the other hand, is used to protect the circuit-connected instrument voltage 

transformer from core saturation caused by direct current flowing through its primary as a consequence 

of remnant charge (stored online during isolation/switching off of the line). In such a situation, the use of 

a fast earth switch provides a parallel (low resistance) path to drain the residual static charge quickly, 

thereby protecting the instrument voltage transformer from the damages that may otherwise be caused. 

The basic construction of these earth switches is identical. 

The earth switch is the smallest module of a gas insulated sub-station system. The module is 

made up of two parts: a fixed contact, which is located at the live bus conductor and which forms a part of 

the main gas insulated system; and a moving contact system mounted on the enclosure of the main 

module and aligned to the fixed contact. The moving contact system is an assembly of the moving 

contact, current transfer contacts, a mechanical system to convert the linear motion of the moving 

contact to rotary motion and an enclosure or the housing. An insulator is also used between the earth 

switch enclosure and the main enclosure to insulate the two systems electrically. The insulated 

connection of an earth switch helps in the diagnostics of gas insulated substation systems during and after 

commissioning by providing an alternate current path for calibration of the current transformer, 

measurement of circuit element contact resistances, etc. 

Different operating mechanisms are used to achieve the desired operational speeds. The 

maintenance earth switch uses a simple mechanical linkage for operation in contrast with a regular circuit 

breaker mechanism used for the fast earth switch. The important make operation in a fast earth switch is 

accomplished in less than 50 ms to achieve the desired protection of the instrument voltage transformer 

during line isolation. The fast earth switch returns to its original (OFF) position before the line is restored. 

The lines are grounded for extended duration; by the slow maintenance earth switch after the residual 

charge has been drained by a fast earth switch. Earth switches are specified by their capacity to make, 

time to make and the pre-arcing duration. IEC129 specifies their qualification requirements. 



ACCESSORIES 

Incomer and feeder connections are the main accessories of a sub-station. At the incomer, the 

supply is received from a higher level sub-station or from a ring main. The power is received and delivered 

through either the underground cables or the overhead lines, at a sub-station. If they are economically 

viable, underground cables are also employed for other similar power installations. In either case, 

interfaces are required to receive/deliver the power. Cable-to-gas and Air-to-gas terminations are 

employed as an interface to the two media in GIS installations. Conventional as well as the dry 

terminations are now available for such applications up to 170 kV voltage class. Beyond this voltage level, 

conventional terminations, with capacitive foil grading and liquid insulation, are employed. For air-to-gas 

termination, the use of composite insulator for bushings has been gaining importance because they are 

light-weight, and offer better mechanical and seismic performances. Figure shows a gas-to-air bushing 

featuring a composite insulator.  

An instrument voltage/potential transformer, used for metering and protection, forms a part 

of the GIS and is gas insulated. This equipment is directly mounted and connected to GIS, at times with an 

isolator/disconnector in series. Both the single-phase and the three-phase instrument voltage 

transformers (IVTs) are available for voltages up to 170 kV. Single-phase IVTs are common for system 

voltages higher than 145 kV. Figure 5.17 shows a single-phase instrument voltage transformer for use in 

GIS. 

A gas insulated surge arrestor is a critical accessory required for a sub-station. This device 

protects the system from switching surges. Surge arrestors are commonly used for installation above 170 

kV class, where an appreciable switching surge intensity is recorded. In exceptional cases, lower kV class 

sub-stations are also equipped with surge arrestors to provide additional safety and reliability. The 

conventional yard surge/lighting arrestors are used for gas insulated sub-station systems, where overhead 

lines are used to source/deliver the energy.  

 

Gas-to-air termination with composite insulator housing 



 

Gas insulated instrument voltage transformer 

 

 

CONTROL PANEL 

Both local and remote control panels are used in GIS. The local control panel (LCP) provides an 

access to the various controls and circuit parameters of an individual GIS bay. The local control panel 

facilitates the monitoring of gas pressures, status of the switchgear element and operating fluid 

pressures, of oil, SF6 and air. A dedicated local control panel for each bay is a common specification. The 

local control panel essentially features interlocks, operating buttons and a single line diagram. The panel 

has a swing panel and a clear glass door with padlocks. The operator can verify the status of the circuit 

through a glass paneled clear door, containing the mimicked single line diagram, indicators and push 

buttons. The circuit operations are possible only by the authentication and authorization process based 

on physical issuance of the ‘clear door key’ by the concerned authority. The local control panel is capable 

of communicating digitally with the remote control panel, situated at another central location, through an 

IEEE-488 or RS-232 bus. 

The number of remote control panels (RCPs) required depends on the choice of the utility. A 

single RCP is a must. A remote control panel, based on digital signal processing (DSP) and microcontroller 

(mc)/processor, can shrink the RCP to a single unit. A man machine interface (MMI), featuring bay-wise 



pages and much other similar functional integration, is the best techno commercial solution. Connectivity 

via information/data bus to the central load dispatch centre (LDC) or central controls enhances the utility 

of such an RCP. The RCP is sufficiently hardened against electrostatic and electromagnetic radiations (E 

and H-fields) to perform satisfactorily in harsh power switching and very fast transient over-voltage 

(VFTO) environments.  

 

CONSTRUCTIONAL ASPECTS OF GIS 

 

a) Enclosure: 

The enclosures for gas insulated sub-station equipment are fabricated using carbon steel and alloy 

steel, or are cast using aluminium. While corrosion-resistant stainless steel (SS-304 and SS-316) is the 

dominant enclosure material for isolated-phase equipment, cast aluminium enclosures are preferred as 

they are light-weight and entail low production costs. 

Sharp protrusions and loosely/weakly held metal inclusions are checked and removed from the 

inner surfaces of the enclosures. While the inclusions are potential sources of conducting particles 

detrimental to the life of GIS, sharp protrusions form potential discharge locations. The inner surfaces of 

the enclosures are thus carefully examined and verified before the enclosures are permitted for use in 

GIS. Electro-polishing or anodising process is used to chemically blunt the sharp edges of the protrusions 

on the inner surface of the enclosure. In a few cases, inner surfaces are powder-coated to obtain a 

desirable surface finish and to bury inaccessible inclusions. The enclosures are sand/abrasive-grit blasted 

before powder coating to dislodge weakly held particles. In order to minimise/eliminate cast porosities in 

cast enclosures, vacuum/low-pressure die (LPD) casting techniques are preferred for GIS application. The 

enclosure, containing high-pressure gas are designed, manufactured and tested as per ASME pressure 

vessel code (Section 8) or as per IEC-517 recommendations. 

The discharges in SF6 high voltage equipment are momentary and as the medium (SF6) is 

selfhealing, the decomposed gas molecules re-combine in a majority of such cases. The full dielectric 

strength of the system is restored almost instantaneously. In some critical cases, where the discharge 

persists or re-strikes occur in a short span of time, a power follow-through current is likely to flow, causing 

a sustained discharge. Such discharges, dissipating an abnormally high amount of arc energy into the 

medium, anchor one of the arc roots at the metal enclosure. The dissipated energy raises the internal 

pressure of the system and the high current density at arc roots causes localised high temperatures that 

are sufficient to soften, melt and burn the enclosure metal at these locations. The burn-through of the 

enclosure is guarded in GIS and design provisions are made to prevent pressure rise and extended arcing. 

Pressure rise, due to excessive dissipation of arc energy in the absence of burn-through, results in 

dehaping of the enclosure. This is prevented by the use of spring-loaded pressure relief valves and rupture 



diaphragms. Rupture diaphragms are used as pressure fuses to prevent deshaping of enclosures caused 

by excessive internal pressure rise. Brittle castings in aluminium or cast steel result in explosion instead of 

buckling and are tested for their ability to withstand higher pressure prior to use. The enclosures are 

tested for their reliable design by conducting a proof test, which is recommended at 2.3 times the 

operating pressure for fabricated enclosures, as per IEC-517. The cast enclosures are tested and certified 

for withstanding 3.5 times the operating pressure as per this standard. 

b) Seals and Gaskets: 

Seals and gaskets are important components, which determine the insulation life and top-up 

frequency of a GIS. These critical components arrest leakage of the gaseous insulation in a pressurised 

installation, like a gas insulated sub-station system. O-rings with circular cross-sections and rectangular 

gaskets with rectangular cross-sections are the most common shapes of the pressure seals used in GIS. 

Single O-ring seals are common for indoor installation. Double O-ring seals or a single O-ring seal backed 

by a gasket is a common practice for outdoor installations. Elastomers/materials for GIS seals are carefully 

selected keeping in mind their application-related constraints. The following properties are considered 

before selecting the sealing materials for GIS: 

1. Resistance to decomposed SF6; 

2. Resistance to oil; 

3. Resistance to tension, compression and elongation; 

4. SF6 and moisture permeability; 

5. Environmental impact/ease of handling; and 

6. Service life. 

Materials like EP rubber, nitrile rubber, silicon rubber and viton are common commercial elastomers. 

Nitrile and viton rubbers are used in GIS as they have the above properties. The compression distortion 

and the service temperature directly influence the service life of a sealing system. The compression 

distortion in the range of 10–12 per cent is considered optimal for a good sealing performance. A service 

temperature in the range of 20–35oC ensures a life expectancy of more than 100 years for this optimal 

compression. The life expectancy of such a sealing system can be calculated using empirical (like 

Arrhenius’) equation.  

Pre-loaded seals with PTFE base are used for rotary motion feed-through in GIS. Earth switches, 

disconnectors and circuit breakers are the GIS modules using such motion feed-through for rotary motion 

transfer. Proprietary seals like ‘Dowty’ with metal casing, are also used widely in GIS for gas circuit and gas 

pipeline joints for their features like quick and reliable joints. 

c) Gas Circuit: 

The GIS enclosures are pressurised with SF6 gas at design pressures. The operating pressure for GIS varies 

from 0.1 MPa to 0.8 MPa. Different manufacturers recommend different operating pressures for their 



equipment. 0.1 MPa is a standard working pressure for vacuum interrupter based medium voltage GIS 

systems. SF6 interrupter-based equipment, in medium voltage, uses pressures in the range of 0.25 MPa–

0.45 MPa. The high voltage (>72.5 kV) gas insulated substation system modules operate at a gas pressure 

of 0.4 MPa; in these modules, the gas is principally used as an insulant. The GIS circuit breaker module is 

designed to operate at a gas pressure of 0.65 MPa or higher, as the gas is used in the module for both 

interruption as well as for insulation. 

The enclosures are required to retain this insulant for the life of the equipment. Leaks, virtual 

or real, will allow leakage of the gas and reduction in the pressure or the density of the gas. Leak/ loss of 

insulant directly causes a deterioration in the dielectric performance of the gaseous insulation. A one per 

cent (by volume) leak per annum per enclosure is permitted (IEC-517) for such systems. In order to ensure 

leak-tightness, the complete enclosure and seals are checked using the Mass Spectrometric Leak 

Detection (MSLD) system at manufacturing stage. An MSLD test, conducted with helium as the sniffing 

gas, can detect micro-leaks up to 5 ¥ 10-10 mbarls–1 reliably. 

Simple pressure-drop with time has been widely used during assembly in the primary evaluation 

of a leak. Fluorine (a major constituent of SF6 gas) is a halogen; and therefore, a ‘halogen sniffer’ is 

reliably used to detect fine SF6 leaks (~5 ¥ 10–4 mbarls–1) on completed GIS assemblies at plant or at 

sites. These leak tests are also performed during the initial stages at the component level. Halogen leak 

detectors are sensitive to SF6 background and require an SF6-free ambience to operate satisfactorily. 

 

 

Halogen leak detector (sniffer) 

 

d) Expansion Joints: 

The copper and steel elements used in GIS, if assembled rigidly, are likely to change dimensions 

with a change in the ambient temperature. For an indoor sub-station, with a limited number of 

bays/sections, the expansion may not be such a critical issue. However, in major GIS systems, expansion 



and contraction of the metal-clad equipment with temperature is a critical issue that needs to be 

addressed seriously. Controlling sub-station temperature to contain the dimensional variation is a cost-

effective and efficient solution for indoor GIS systems. In all the other cases of GIS layouts, the ambient 

temperature variations are considered during the design stage, thereby providing adequate means and 

implements for compensation for ambient temperature-related changes in the dimensions of the sub-

station. Without such compensation, the sub-station equipment is likely to be stressed mechanically, 

causing damage to the enclosure and insulators. The sub-station life is likely to be reduced due to thermal 

cycling, fatigue, etc. 

Expansion joint has been found to be an ideal solution for such duties. The addition of an 

expansion joint between two adjacent bays limits variation in dimension to the individual circuit, 

thereby maintaining the mechanical stability of the sub-station. The expansion joint also helps in the 

addition and removal of bays, if so required, during the life of a sub-station and makes such installations 

more flexible to changes in the circuit/configuration. These joints also provide margins for radial and axial 

non-alignment. Stainless steel flexible joints are the only alternatives for expansion joints in GIS, because 

of their flexibility, strength and thermal cycling capabilities. In indoor GIS, maintaining a constant sub-

station temperature (minimum variation) controls the expansion and contraction of the metallic 

equipment. Care must be taken to add expansion joints in outdoor sub-stations, where the sub-station 

dimension changes due to a change in the ambient temperature during day and night, and retains 

robustness in the system. Figure 5.19 shows one such expansion joint used in a GIS. 

 

 

Fig: Expansion joint in GIS busbar 



 

e) Current Transfer and Plug-in-Joints : 

In order to configure different circuit formations, gas insulated functional modules are connected 

in accordance with the desired circuit requirement or single line diagram . Various modules are connected 

suitably using bolted or plug-in joints. The use of copper flexible (stranded wire) connections is not 

permitted in GIS, since the strands are the potential sources of long metallic particles. A combination of 

solid bolted joints and plug-in joints is thus universal for GIS applications. Silver-plated interfaces are 

preferred for the bolted joints. The free sliding, plug-in-joints carry the full thermal current reliably and 

withstand large short time current efficiently. These joints are designed in a manner so as to contain the 

electrostatic and electro dynamic stresses to safe working limits. The geometry, material and the surface 

finish of these joints thus play a vital role in ensuring the satisfactory performance of a GIS. The following 

three types of plug-in-joints are generally used: 

1. Static 

2. Quasi-static 

3. Dynamic 

`The static joints are mostly plugged in only once at the time of the equipment assembly and are not 

disengaged throughout the life of the equipment. Quasi-static joints have flexibility for engagement and 

disengagement, which may be required as and when the equipment undergoes inspection, addition, etc. 

The dynamic flexible joints are used with functional elements like circuit breaker, disconnectors, etc., here 

the application demands dynamic current transfer during the normal operations of such equipments. 

Static joints are designed with high insertion force and employ thick multi-lam contacts (> 0.25 mm 

thick). The quasi-static contacts use spring-loaded forged copper fingers housed in a casing. The entire 

assembly is plugged on to the tubular conductors to be bridged. The dynamic contacts are low insertion 

force, thin, multi-lam contact systems with a reduced current rating per contact. A sufficient number of 

contacts is assembled for this application to meet the thermal and short time current specifications of the 

equipment. A new variety of multi-lam contacts now available is simple to assemble and tolerant to wider 

dimensional variations and misalignments. 

f) Support Structure: 

Gas insulated sub-station modules, when assembled to form a circuit configuration, assume the 

shape of a robust pipe structure with exceptionally good mechanical rigidity. In the initial stages of the 

installation, the main modules may require support for stability. These supports can be withdrawn after 

the installation is complete. Some permanent supports may also be necessary to support the terminal 

equipment. In isolated-phase construction, with vertical circuit breaker, the requirement to support the 

modules connected horizontally is always felt. The necessary support structure is thus designed for this 

configuration of GIS. Module assemblies mounted horizontally are suitably supported in GIS. Three-phase 



compact GIS configurations are self-supporting and the centre of gravity of the structure lies within the 

circuit breaker module. The circuit breaker module supports the rest of the bay equipment in such a 

configuration. Structures made of hollow rectangular sections or standard structural sections suffice for 

the purpose. In outdoor installations, sufficient care is taken to prevent corrosion of the support structure 

due to moisture and other pollutants. 

 

LIFECYCLE COST OF GIS 

1. Cost of planning 

2. Cost of equipment 

3. Cost of protections and controls 

4. Cost of auxiliary cables 

5. Cost of civil works, including structures 

6. Cost of control room and building 

7. Maintenance cost 

The total lifecycle cost (LCC) of a power sub-station with two types of equipment, air insulated and 

gas insulated, is discussed here. 

The cost of planning an air insulated sub-station is based on previous data, survey reports for the site 

and the soil, and environmental conditions at site (including pollution, snow, rain, wind and seismic 

conditions). All these parameters help the planner specify the required electrical distances like creepage 

and mechanical strength for the porcelains and the base structures. Equipment foundations are designed 

to suit the soil load-bearing capacity. Planners also specify the cutting and filling required at site, control 

and power cable trenches and the earth mat design. Each of these principal activities is quite time-

consuming which is why a lot of time is spent in planning an air insulated power sub-station. Since a gas 

insulated sub-station is smaller in size, it requires minimum land for its installation and consequently 

reduced site preparation. Since the equipment is immune to atmospheric variations and is installed 

indoors, it does not call for any special specifications even for the most stringent site. The low height of 

the equipment and its nested structure reduce the seismic hazards to a minimum. 

Since the gas insulated sub-station is wired and dispatched as a single unit, it needs to be specified for 

one composite equipment and not for the constituent equipments of the circuit. This also eliminates the 

need for sourcing different equipment from different manufacturers and for large-scale paper work 

during the planning stage. The planning time is thus drastically reduced in case of gas insulated sub-

stations as compared to air insulated sub-stations. Since gas insulated equipment uses new efficient 

technology and is sophisticated in nature, its cost is almost twice that of the conventional equipment. The 

equipment cost also varies with the import content of the sub-station equipment and the duty structure 

prevailing at the time of its procurement. Protections and controls for the two sub-stations are identical 



and thus the costs are also comparable. The auxiliary control cable lengths are evidently longer in case of 

an air insulated sub-station because of its larger size and substantial distance between the control room 

and the equipment. 

  Civil works, including site preparation, earth mat, trenches, foundations for equipment and the 

structures, supply lines for power, water and air, etc., are quite elaborate and expensive both in terms of 

time and finances in case of air insulated sub-stations as compared to gas insulated substations. GIS 

systems require limited civil activity at site, eliminating the need for a majority of steel structures, fencing, 

and earth mats, and are serviced by low capacity power, water and air circuits. A saving of up to 75 per 

cent in the cost of civil works is possible with gas insulated substations. It is possible to house equivalent 

GIS equipment in a building with dimensions similar to the control room of an air insulated sub-station. 

The cost of building for indoor GIS systems includes an EOT crane for unloading and installation of the 

sub-station equipment indoors. 

As discussed earlier, the cost of maintaining the gas insulated sub-stations is practically nil 

because of their technical features and sealed construction. The air insulated sub-stations, on the other 

hand, need to be maintained periodically and require frequent replacement of oxidised and corroded 

parts. It is thus essential to recruit sub-station maintenance staff with an inventory of the consumables for 

the life of the sub-station. The salaries of the staff and the expenses on inventory are quantified for the 

life of the sub-station (30 years). ompares lifecycle costs graphically for air and gas insulated sub-stations. 

Although it seems costly at first glance, gas insulated sub-station equipment is a cost-effective long-term 

solution for power sub-stations.  

 

Cost comparison of air and gas insulated sub-stations 

 



 

UNIT - IV 

SUBSTATIONS 

 

The assembly of apparatus used to change some characteristic (e.g. voltage, a.c. to d.c., frequency,p.f. 

etc.) of electric supply is called a sub-station. 

      Sub-stations are important part of power system. The continuity of supply depends to a considerable 

extent upon the successful operation of sub-stations. It is, therefore, essential to exercise utmost care 

while designing and building a sub-station. The following are the important points which must be kept in 

view while laying out a sub-station: 

      (i) It should be located at a proper site. As far as possible, it should be located at the centre of gravity 

of load. 

     (ii) It should provide safe and reliable arrangement. For safety, consideration must be given to the 

maintenance of regulation clearances, facilities for carrying out repairs and maintenance, abnormal 

occurrences such as possibility of explosion or fire etc. For reliability, consideration must be given for 

good design and construction, the provision of suitable protective gear etc. 

    (iii) It should be easily operated and maintained. 

     (iv) It should involve minimum capital cost. 

Classification of Sub-Stations: 

There are several ways of classifying sub-stations. However, the two most important ways of classifying 

them are according to (1) service requirement and (2) constructional features. 

      1. According to service requirement. A sub-station may be called upon to change voltage level or 

improve power factor or convert a.c. power into d.c. power etc. According to the service requirement, 

sub-stations may be classified into: 

      (i) Transformer sub-stations. Those sub-stations which change the voltage level of electric supply are 

called transformer sub-stations. These sub-stations receive power at some voltage and deliver it at some 

other voltage. Obviously, transformer will be the main component in such substations. Most of the sub-

stations in the power system are of this type. 

     (ii) Switching sub-stations. These sub-stations do not change the voltage level i.e. incoming and 

outgoing lines have the same voltage. However, they simply perform the switching operations of power 

lines. 

    (iii) Power factor correction sub-stations. Those sub-stations which improve the power factor of the 

system are called power factor correction sub-stations. Such sub-stations are generally located at the 

receiving end of transmission lines. These sub-stations generally use synchronous condensers as the 

power factor improvement equipment. 



    (iv) Frequency changer sub-stations. Those sub-stations which change the supply frequency are known 

as frequency changer sub-stations. Such a frequency change may be required for industrial utilization. 

     (v) Converting sub-stations. Those sub-stations which change a.c. power into d.c. power are called 

converting sub-stations. These sub-stations receive a.c. power and convert it into d.c. power with suitable 

apparatus (e.g. ignitron) to supply for such purposes as traction, electroplating, electric welding etc. 

    (vi) Industrial sub-stations. Those sub-stations which supply power to individual industrial concerns are 

known as industrial sub-stations. 

       2. According to constructional features. A sub-station has many components (e.g. circuit breakers, 

switches, fuses, instruments etc.) which must be housed properly to ensure continuous and reliable 

service. According to constructional features, the sub-stations are classified as : 

      (i) Indoor sub-station(ii) Outdoor sub-station 

    (iii) Underground sub-station(iv) Pole-mounted sub-station 

      (i) Indoor sub-stations. For voltages upto 11 kV, the equipment of the sub-station is installed indoor 

because of economic considerations. However, when the atmosphere is contaminated with impurities, 

these sub-stations can be erected for voltages upto 66 kV. 

     (ii) Outdoor sub-stations. For voltages beyond 66 kV, equipment is invariably installed outdoor. It is 

because for such voltages, the clearances between conductors and the space required for switches, circuit 

breakers and other equipment becomes so great that it is not economical to install the equipment indoor. 

    (iii) Underground sub-stations. In thickly populated areas, the space available for equipment and 

building is limited and the cost of land is high. Under such situations, the sub-station is created 

underground. The reader may find further discussion on underground sub-stations in Art. 25.6. 

    (iv) Pole-mounted sub-stations. This is an outdoor sub-station with equipment installed overhead on H-

pole or 4-pole structure. It is the cheapest form of sub-station for voltages not exceeding 11kV (or 33 kV 

in some cases). Electric power is almost distributed in localities through such substations. For complete 

discussion on pole-mounted sub-station, the reader may refer to Art. 25.5. 

 

 

 

 

 

 

 

 Comparison between Outdoor and Indoor Sub-Stations: 

 The comparison between outdoor and indoor sub-stations is given below in the tabular form: 



 

From the above comparison, it is clear that each type has its own advantages and disadvantages. 

However, comparative economics (i.e. annual cost of operation) is the most powerful factor influencing 

the choice between indoor and outdoor sub-stations. The greater cost of indoor sub-station prohibits its 

use. But sometimes non-economic factors (e.g. public safety) exert considerable influence in choosing 

indoor sub-station. In general, most of the sub-stations are of outdoor type and the indoor 

sub-stations are erected only where outdoor construction is impracticable or prohibited by the local laws. 

Transformer Sub-Stations 

The majority of the sub-stations in the power system are concerned with the changing of voltage level of 

electric supply. These are known as transformer sub-stations because transformer is the main component 

employed to change the voltage level. Depending upon the purpose served, transformer sub-stations may 

be classified into: 

      (i) Step-up sub-station 

      (ii) Primary grid sub-station 

      (iii) Secondary sub-station 

     (iv) Distribution sub-station 

     Fig. 25.1 shows the block diagram of a typical electric supply system indicating the position of above 

types of sub-stations. It may be noted that it is not necessary that all electric supply schemes include all 

the stages shown in the figure. For example, in a certain supply scheme there may not be secondary sub-

stations and in another case, the scheme may be so small that there are only distribution sub-stations. 

Transfor mer Sub-Stations 

 



 

     

  (i) Step-up sub-station. The generation voltage (11 kV in this case) is stepped up to high voltage (220 kV) 

to affect economy in transmission of electric power. The sub-stations which accomplish this job are called 

step-up sub-stations. These are generally located in the power houses and are of outdoor type. 

     (ii) Primary grid sub-station. From the step-up sub-station, electric power at 220 kV is transmitted by 3-

phase, 3-wire overhead system to the outskirts of the city. Here, electric power is received by the primary 

grid sub-station which reduces the voltage level to 66 kV for secondary transmission. The primary grid 

sub-station is generally of outdoor type. 

    (iii) Secondary sub-station. From the primary grid sub-station, electric power is transmitted at 66 kV by 

3-phase, 3-wire system to various secondary sub-stations located at the strategic points in the city. At a 

secondary sub-station, the voltage is further stepped down to 11 kV. The 11 kV lines run along the 

important road sides of the city. It may be noted that big consumers (having demand more than 50 kW) 

are generally supplied power at 11 kV for further handling with their own sub- 

stations. The secondary sub-stations are also generally of outdoor type. 

     (iv) Distribution sub-station. The electric power from 11 kV lines is delivered to distribution sub-

stations. These sub-stations are located near the consumer’s localities and step down the voltage to 400 

V, 3-phase, 4-wire for supplying to the consumers. The voltage between any two phases is  400V and 

between any phase and neutral it is 230 V. The single phase residential lighting load is connected between 

any one phase and neutral whereas 3-phase, 400V motor load is connected across 3-phase lines directly. 

It may be worthwhile to mention here that majority of the distribution substations are of pole-mounted 

type. 

Pole-Mounted Sub-Station It is a distribution sub-station placed overhead on a pole. It is the cheapest 

form of sub-station as it 



does not involve any building work. Fig 25.2   

(i) shows the layout of pole-mounted sub-station  whereas Fig. 25.2  

(ii) shows the schematic connections. The transformer and other equipment are mounted on H-type pole 

(or 4-pole structure). 

      The 11 kV line is connected to the transformer (11kV / 400 V) through gang isolator and fuses. The 

lightning arresters are installed on the H.T. side to protect the sub-station from lightning strokes. The 

transformer steps down the voltage to 400V, 3-phase, 4-wire supply. The voltage between any two lines is 

400V whereas the voltage between any line and neutral is 230 V. The oil circuit breaker (O.C.B.) installed 

on the L.T. side automatically isolates the transformer from  Sub-Station the consumers in the event of 

any fault. The pole-mounted 

 

 

sub-stations are generally used for transformer capacity upto *200 kVA. The following points may be 

noted about pole-mounted sub-stations : 

     (i) There should be periodical check-up of the dielectric strength of oil in the transformer and  O.C.B. 

    (ii) In case of repair of transformer or O.C.B., both gang isolator and O.C.B. should be shut off. 

Underground Sub-Station: 

In thickly populated cities, there is scarcity of land as well as the prices of land are very high. This has led 



to the development of underground sub-station. In such sub-stations, the equipment is placed 

underground. Fig. 25.3 shows a typical underground sub-station. 

 

The design of underground sub-station requires more careful consideration than other types of sub-

stations. While laying out an underground sub-station, the following points must be kept in view: 

     (i) The size of the station should be as minimum as possible. 

    (ii) There should be reasonable access for both equipment and personnel. 

   (iii) There should be provision for emergency lighting and protection against fire. 

   (iv) There should be good ventilation. 

    (v) There should be provision for remote indication of excessive rise in temperature so that H.V. supply 

can be disconnected. 

   (vi) The transformers, switches and fuses should be air cooled to avoid bringing oil into the premises. 

Symbols for Equipment in Sub-Stations: 

It is a usual practice to show the various elements (e.g. transformer, circuit breaker, isolator, instrument 

transformers etc.) of a sub-station by their graphic symbols in the connection schemes.  

Symbols of important equipment in sub-station are given below: 



 

 



 

 

Equipment in a Transformer Sub-Station: 

 

The equipment required for a transformer sub-station depends upon the type of sub-station, service 

requirement and the degree of protection desired. However, in general, a transformer sub-station has the 

following main equipment: 

       1. Bus-bars: When a number of lines operating at the same voltage have to be directly connected 

electrically, bus-bars are used as the common electrical component. Bus-bars are copper or aluminum 

bars (generally of rectangular x-section) and operate at constant voltage. The incoming and outgoing lines 

in a sub-station are connected to the bus-bars. The most commonly used bus-bar arrangements in sub-

stations are: 

      (i) Single bus-bar arrangement 



     (ii) Single bus-bar system with sectionalisation 

    (iii) Double bus-bar arrangement 

     A detailed discussion on these bus-bar arrangements has already been made in Art. 16.3. However, 

their practical applications in sub-stations are discussed in Art. 25.9. 

       2. Insulators: The insulators serve two purposes. They support the conductors (or bus-bars) and 

confine the current to the conductors. The most commonly used material for the manufacture of 

insulators is porcelain. There are several types of insulators (e.g. pin type, suspension type, post insulator 

etc.) and their use in the sub-station will depend upon the service requirement. For example, post 

insulator is used for bus-bars. A post insulator consists of a porcelain body, cast iron cap and flanged cast 

iron base. The hole in the cap is threaded so that bus-bars can be directly bolted to the cap. 

      3. Isolating switches: In sub-stations, it is often desired to disconnect a part of the system for general 

maintenance and repairs. This is accomplished by an isolating switch or isolator. An isolator is essentially a 

knife switch and is designed to open a circuit under no load. In other words, isolator switches are 

operated only when the lines in which they are connected carry no current. 

 

Fig. 25.4 shows the use of isolators in a typical sub-station. The entire sub-station has been divided into V 

sections. Each section can be disconnected with the help of isolators for repair and maintenance. For 

instance, if it is desired to repair section No. II, the procedure of disconnecting this section will be as 

follows. First of all, open the circuit breaker in this section and then open the isolators 1 and 2. This 

procedure will disconnect section II for repairs. After the repair has been done, close the isolators 1 and 2 

first and then the circuit breaker. 

      4. Circuit breaker: A circuit breaker is equipment which can open or close a circuit under normal as 

well as fault conditions. It is so designed that it can be operated manually (or by remote control) under 

normal conditions and automatically under fault conditions. For the latter operation, a relay circuit is used 

with a circuit breaker. Generally, bulk oil circuit breakers are used for voltages upto 66kV while for high 

(>66 kV) voltages, low oil circuit breakers are used. For still higher voltages, air-blast, vacuum or SF6 



circuit breakers are used. For detailed discussion of these breakers, the reader may refer to chapter 19. 

      5. Power Transformers: A power transformer is used in a sub-station to step-up or step-down the 

voltage. Except at the power station, all the subsequent sub-stations use step-down transformers to 

gradually reduce the voltage of electric supply and finally deliver it at utilisation voltage. The modern 

practice is to use 3-phase transformers in sub-stations; although 3 single phase bank of transformers can 

also be used. The use of 3-phase transformer (instead of 3 single phase bank of transformers) permits two 

advantages. Firstly, only one 3-phase load-tap changing mechanism can be used. Secondly, its installation 

is much simpler than the three single phase transformers. The power transformer is generally installed 

upon lengths of rails fixed on concrete slabs having foundations 1 to 1·5 m deep. For ratings upto 10 MVA, 

naturally cooled, oil immersed transformers are used. For higher ratings, the transformers are generally 

air blast cooled. 

       6. Instrument transformers: The lines in sub-stations operate at high voltages and carry current of 

thousands of amperes. The measuring instruments and protective devices are designed for low voltages 

(generally 110 V) and currents (about 5 A). Therefore, they will not work satisfactorily if mounted directly 

on the power lines. This difficulty is overcome by installing instrument transformers on the power lines. 

The function of these instrument transformers is to transfer voltages or currents in the power lines to 

values which are convenient for the operation of measuring instruments and relays. There are two types 

of instrument transformers viz. 

      (i) Current transformer (C.T.)(ii) Potential transformer (P.T.) 

      (i) Current transformer (C.T.).A current transformer in essentially a step-up transformer which steps 

down the current to a known ratio. The primary of this transformer consists of one or more turns of thick 

wire connected in series with the line. The secondary consists of a large number of turns of fine wire and 

provides for the measuring instruments and relays a current which is a constant fraction of the current in 

the line. Suppose a current transformer rated at 100/5 A is connected in the line to measure current. If 

the current in the line is 100 A, then current in the secondary will be 5A. Similarly, if current in the line is 

50A, then secondary of C.T. will have a current of 2·5 A. Thus the C.T. under consideration will step down 

the line current by a factor of 20.  

     (ii) Voltage transformer. It is essentially a step down transformer and steps down the voltage to a 

known ratio. The primary of this transformer consists of a large number of turns of fine wire connected 

across the line. The secondary winding consists of a few turns and provides for measuring instruments 

and relays a voltage which is a known fraction of the line voltage. Suppose a potential transformer rated 

at 66kV/110V is connected to a power line. If line voltage is 66kV, then voltage across the secondary will 

be 110 V. 

       7. Metering and Indicating Instruments: There are several metering and indicating instruments (e.g. 

ammeters, voltmeters, energy meters etc.) installed in a sub-station to maintain watch over the circuit 



quantities. The instrument transformers are invariably used with them for satisfactory operation. 

       8. Miscellaneous equipment: In addition to above, there may be following equipment in a sub-station 

: 

      (i) fuses 

     (ii) carrier-current equipment 

    (iii) sub-station auxiliary supplies 

Bus-Bar Arrangements in Sub-Stations Bus-bars are the important components in a sub-station. There are 

several bus-bar arrangements that can be used in a sub-station. The choice of a particular arrangement 

depends upon various factors such as system voltage, position of sub-station, degree of reliability, cost 

etc. The following are the important bus-bar arrangements used in sub-stations: 

     (i) Single bus-bar system: As the name suggests, it consists of a single bus-bar and all the incoming and 

outgoing lines are connected to it. The chief advantages of this type of arrangement are low initial cost, 

less maintenance and simple operation. However, the principal disadvantage of single bus-bar system is 

that if repair is to be done on the bus-bar or a fault occurs on the bus, there is 

 

a complete interruption of the supply. This arrangement is not used for voltages exceeding 33kV. The 

indoor 11kV sub-stations often use single bus-bar arrangement. 

    Fig. 25.5 shows single bus-bar arrangement in a sub-station. There are two 11 kV incoming lines 

connected to the bus-bar through circuit breakers and isolators. The two 400V outgoing lines are 

connected to the bus bars through transformers (11kV/400 V) and circuit breakers. 



 

(ii) Single bus-bar system with sectionalisation. In this arrangement, the single bus-bar is divided into 

sections and load is equally distributed on all the sections. Any two sections of the bus bar are connected 

by a circuit breaker and isolators. Two principal advantages are claimed for this arrangement. Firstly, if a 

fault occurs on any section of the bus, that section can be isolated without affecting the supply from other 

sections. Secondly, repairs and maintenance of any section of the bus bar can be carried out by 

deenergising that section only, eliminating the possibility of complete shut down. This arrangement is 

used for voltages upto 33 kV. 

     Fig. 25.6 shows bus-bar with sectionalisation where the bus has been divided into two sections. There 

are two 33 kV incoming lines connected to sections I and II as shown through circuit breaker and isolators. 

Each 11 kV outgoing line is connected to one section through transformer (33/11 kV) and circuit breaker. 

It is easy to see that each bus-section behaves as a separate bus-bar. 

    (iii) Duplicate bus-bar system. This system consists of two bus-bars, a “main” bus-bar and a “spare” bus-

bar. Each bus-bar has the capacity to take up the entire sub-station load. The incoming and outgoing lines 

can be connected to either bus-bar with the help of a bus-bar coupler which consists of a circuit breaker 

and isolators. Ordinarily, the incoming and outgoing lines remain connected to the main bus-bar. 

However, in case of repair of main bus-bar or fault occurring on it, the continuity of supply to the circuit 

can be maintained by transferring it to the spare bus-bar. For voltages exceeding 33kV, duplicate bus-bar 

system is frequently used. 



 

Fig. 25.7 shows the arrrangement of duplicate bus-bar system in a typical sub-station. The two 66kV 

incoming lines can be connected to either bus-bar by a bus-bar coupler. The two 11 kV outgoing lines are 

connected to the bus-bars through transformers (66/11 kV) and circuit breakers. 

Ter minal and Through Sub-Stations All the transformer sub-stations in the line of power system handle 

incoming and outgoing lines. Depending upon the manner of incoming lines, the sub-stations are 

classified as : 

(i) Terminal sub-station 

(ii) (ii) Through sub-station 

      (i) Terminal sub-station. A terminal sub-station is one in which the line supplying to the substation 

terminates or ends. It may be located at the end of the main line or it may be situated at a point away 

from main line route. In the latter case, a tapping is taken from the main line to supply to the sub-station. 

Fig. 25.8 shows the schematic connections of a terminal sub-station. It is clear that incoming 11 kV main 

line terminates at the sub-station. Most of the distribution sub-stations are of this type. 



    

  (ii) Through sub-station. A through sub-station is one in which the incoming line passes ‘through’ at the 

same voltage. A tapping is generally taken from the line to feed to the transformer to reduce the voltage 

to the desired level. Fig. 25.9 shows the schematic connections of a through substation. The incoming 66 

kV line passes through the sub-station as 66kV outgoing line. At the same time, the incoming line is 

tapped in the sub-station to reduce the voltage to 11 kV for secondary distribution. 

 

Key Diagram of 66/11 kV Sub-Station : 

Fig. 25.10 shows the key diagram of a typical 66/11 kV sub-station. The key diagram of this substation can 

be explained as under : 



 

 

   

  (i) There are two 66 kV incoming lines marked ‘incoming 1’ and ‘incoming 2’ connected to the bus-bars. 

Such an arrangement of two incoming lines is called a double circuit. Each incoming line is capable of 

supplying the rated sub-station load. Both these lines can be loaded simultaneously to share the sub-

station load and any one line can be called upon to meet the entire load. The double circuit arrangement 

increases the reliability of the system. In case there is a breakdown of one incoming line, the continuity of 

supply can be maintained by the other line. 

   (ii) The sub-station has duplicate bus-bar system; one ‘main bus-bar’ and the other spare busbar. The 

incoming lines can be connected to either bus-bar with the help of a bus-coupler which consists of a 

circuit breaker and isolators. The advantage of double bus-bar system is that if repair is to be carried on 

one bus-bar, the supply need not be interrupted as the entire load can be transferred to the other bus. 

  (iii) There is an arrangement in the sub-station by which the same 66 kV double circuit supply is going out 

i.e. 66 kV double circuit supply is passing through the sub-station. The outgoing 66 kV double circuit line 

can be made to act as incoming line. 

  (iv) There is also an arrangement to step down the incoming 66 kV supply to 11 kV by two units of 3-

phase transformers; each transformer supplying to a separate bus-bar. Generally, one transformer 

supplies the entire sub-station load while the other transformer acts as a standby unit. If need arises, both 

the transformers can be called upon to share the sub-station load. 



        The 11 kV outgoing lines feed to the distribution sub-stations located near consumers localities. 

   (v) Both incoming and outgoing lines are connected through circuit breakers having isolators on their 

either end. Whenever repair is to be carried over the line towers, the line is first switched off and then 

earthed. 

  (vi) The potential transformers (P.T.) and current transformers (C.T.) and suitably located for supply to 

metering and indicating instruments and relay circuits (not shown in the figure). The P.T. is connected 

right on the point where the line is terminated. The CTs are connected at the terminals of each circuit 

breaker. 

 (vii) The lightning arresters are connected near the transformer terminals (on H.T. side) to protect them 

from lightning strokes. 

(viii) There are other auxiliary components in the sub-station such as capacitor bank for power factor 

improvement, earth connections, local supply connections, d.c. supply connections etc. However, these 

have been omitted in the key diagram for the sake of simplicity. 

Key Diagram of 11 kV/400 V Indoor Sub-Station: 

Fig. 25.11 shows the key diagram of a typical 11 kV/400 V indoor sub-station. The key diagram of this sub-

station can be explained as under : 

      (i) The 3-phase, 3-wire 11 kV line is tapped and brought to the gang operating switch installed near the 

sub-station. The G.O. switch consists of isolators connected in each phase of the 3-phase line. 

     (ii) From the G.O. switch, the 11 kV line is brought to the indoor sub-station as underground cable. It is 

fed to the H.T. side of the transformer (11 kV/400 V) via the 11 kV O.C.B. The transformer steps down the 

voltage to 400 V, 3-phase, 4-wire. 

    (iii) The secondary of transformer supplies to the bus-bars via the main O.C.B. From the bus bars, 400 V, 

3-phase, 4-wire supply is given to the various consumers via 400 V O.C.B. The voltage between any two 

phases is 400 V and between any phase and neutral it is 230 V. The  single phase residential load is 

connected between any one phase and neutral whereas 3-phase, 400 V motor load is connected across 3-

phase lines directly. 



 

(iv) The CTs are located at suitable places in the sub-station circuit and supply for the metering and 

indicating instruments and relay circuits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT - V 

ECONOMIC ASPECTS OF POWER GENERATION AND TARIFF METHODS 

Economics of Power Generation 

The art of determining the per unit (i.e., one kWh) cost of production of electrical energy is known as 

economics of power generation. 

     The economics of power generation has assumed a great importance in this fast developing power 

plant engineering. A consumer will use electric power only if it is supplied at reasonable rate. Therefore, 

power engineers have to find convenient methods to produce electric power as cheap as possible so that 

consumers are tempted to use electrical methods. Before passing on to the subject further, it is desirable 

that the readers get themselves acquainted with the following terms much used 

in the economics of power generation : 

      (i) Interest. The cost of use of money is known as interest.  A power station is constructed by investing 

a huge capital. This money is generally borrowed from banks or other financial institutions and the supply 

company has to pay the annual interest on 

this amount. Even if company has spent out of its reserve funds, the interest must be still allowed for, 

since this amount could have earned interest if deposited in a bank. Therefore, while calculating the cost 

of production of electrical energy, the interest payable on the capital investment must be included. The 

rate of interest depends upon market position and other factors, and may vary from 4% to 8% per annum. 

     (ii) Depreciation. The decrease in the value of the power plant equipment and building due to constant 

use is known as depreciation. If the power station equipment were to last for ever, then interest on the 

capital investment would have been the only charge to be made. However, in actual practice, every 

power station has a useful life ranging from fifty to sixty years. From the time the power station is 

installed, its equipment steadily deteriorates due to wear and tear so that there is a gradual reduction in 

the value of the plant. This reduction in the value of plant every year is known as annual depreciation. 

Due to depreciation, the plant has to be replaced by the new one after its useful life. Therefore, suitable 

amount must be set aside every year so that by the time the plant retires, the collected amount by way of 

depreciation equals the cost of replacement. It becomes obvious that while determining the cost of 

production, annual depreciation charges must be included.  

Cost of Electrical Energy 

The total cost of electrical energy generated can be divided into three parts, namely; 

(i) Fixed cost ; 

(ii) Semi-fixed cost ; 

(iii) Running or operating cost. 

       (i) Fixed cost. It is the cost which is independent of maximum demand and units generated. The fixed 

cost is due to the annual cost of central organization, interest on capital cost of land and salaries of high 



officials. The annual expenditure on the central organisation and salaries of high officials is fixed since it 

has to be met whether the plant has high or low maximum demand or it generates less or more units. 

Further, the capital investment on the land is fixed and hence the amount of interest is also fixed. 

      (ii) Semi-fixed cost. It is the cost which depends upon maximum demand but is independent of units 

generated. The semifixed cost is directly proportional to the maximum demand on power station and is 

on account of annual interest and depreciation on capital investment of building and equipment, taxes, 

salaries of management and clerical staff. The maximum demand on the power station determines its size 

and cost of installation. The greater the maximum demand on a power station, the greater is its size and 

cost of installation. Further, the taxes and clerical staff depend upon the size of the plant and hence upon 

maximum demand. 

     (iii) Running cost. It is the cost which depends only upon the number of units generated. The running 

cost is on account of annual cost of fuel, lubricating oil, maintenance, repairs and salaries of operating 

staff. Since these charges depend upon the energy output, the running cost is directly proportional to the 

number of units generated by the station. In other words, if the power station generates more units, it 

will have higher running cost and vice-versa. 

Expressions for Cost of Electrical Energy The overall annual cost of electrical energy generated by a power 

station can be expressed in two forms viz three part form and two part form. 

      (i) Three part form. In this method, the overall annual cost of electrical energy generated is divided 

into three parts viz fixed cost, semi-fixed cost and running cost i.e. 

         Total annual cost of energy = Fixed cost + Semi-fixed cost + Running cost 

                                        = Constant + Proportional to max. demand + Proportional to 

                                           kWh generated. 

                                        = Rs (a + b kW + c kWh) 

Where a = annual fixed cost independent of maximum demand and energy output.  

                                    b = constant which when multiplied by maximum kW demand on the station gives the 

annual semi-fixed cost. 

                                     c = a constant which when multiplied by kWh output per annum  gives the annual 

running cost. 

     (ii) Two part form. It is sometimes convenient to give the annual cost of energy in two part form. In 

this case, the annual cost of energy is divided into two parts viz., a fixed sum per kW of maximum demand 

plus a running charge per unit of energy. The expression for the           annual cost of energy then 

becomes: 

         Total annual cost of energy = Rs. (A kW + B kWh) 

Where A = a constant which when multiplied by maximum kW demand on the station gives the annual 

cost of the first part. 



               B = a constant which when multiplied by the annual kWh generated gives the annual running 

cost. 

     It is interesting to see here that two-part form is a simplification of three-part form. A little reflection 

shows that constant “a” of the three part form has been merged in fixed sum per kW maximum demand 

(i.e. constant A ) in the two-part form. 

 

Importance of High Load Factor The load factor plays a vital role in determining the cost of energy. Some 

important advantages of high load factor are listed below: 

     (i) Reduces cost per unit generated: A high load factor reduces the overall cost per unit generated. The 

higher the load factor, the lower is the generation cost. It is because higher load factor means that for a 

given maximum demand, the number of units generated is more. This reduces the cost of generation. 

    (ii) Reduces variable load problems: A high load factor reduces the variable load problems on the power 

station. A higher load factor means comparatively less variations in the load demands at various times. 

This avoids the frequent use of regulating devices installed to meet the variable load on the station. 

Tariff 

The rate at which electrical energy is supplied to a consumer is known as tariff. 

     Although tariff should include the total cost of producing and supplying electrical energy plus the 

profit, yet it cannot be the same for all types of consumers. It is because the cost of producing electrical 

energy depends to a considerable extent upon the magnitude of electrical energy consumed by the user 

and his load conditions. Therefore, in all fairness, due consideration has to be given to different types of 

consumers (e.g., industrial, domestic and commercial) while fixing the tariff. This makes the problem of 

suitable rate making highly complicated. 

      Objectives of tariff: Like other commodities, electrical energy is also sold at such a rate so that it not 

only returns the cost but also earns reasonable profit. Therefore, a tariff should include the following 

items: 

      (i) Recovery of cost of producing electrical energy at the power station. 

     (ii) Recovery of cost on the capital investment in transmission and distribution systems. 

    (iii) Recovery of cost of operation and maintenance of supply of electrical energy e.g., metering 

equipment, billing etc. 

     (iv) A suitable profit on the capital investment.  

Desirable Characteristics of a Tariff 

A tariff must have the following desirable characteristics: 

     (i) Proper return: The tariff should be such that it ensures the proper return from each consumer. In 

other words, the total receipts from the consumers must be equal to the cost of producing and supplying 

electrical energy plus reasonable profit. This will enable the electric supply company to ensure continuous 



and reliable service to the consumers. 

    (ii) Fairness: The tariff must be fair so that different types of consumers are satisfied with the rate of 

charge of electrical energy. Thus a big consumer should be charged at a lower rate than a small consumer. 

It is because increased energy consumption spreads the fixed charges over a greater number of units, 

thus reducing the overall cost of producing electrical energy.  

          Similarly, a consumer whose load conditions do not deviate much from the ideal (i.e., non- variable) 

should be charged at a lower* rate than the one whose load conditions change appreciably from the 

ideal. 

   (iii) Simplicity : The tariff should be simple so that an ordinary consumer can easily understand it. A 

complicated tariff may cause an opposition from the public which is generally distrustful of supply 

companies. 

    (iv) Reasonable profit: The profit element in the tariff should be reasonable. An electric supply 

company is a public utility company and generally enjoys the benefits of monopoly. There fore, the 

investment is relatively safe due to non-competition in the market. This calls for the profit to be restricted 

to 8% or so per annum. 

     (v) Attractive: The tariff should be attractive so that a large number of consumers are encouraged to 

use electrical energy. Efforts should be made to fix the tariff in such a way so that consumers can pay 

easily. 

Types of Tariff 

There are several types of tariff. However, the following are the commonly used types of tariff: 

     1. Simple tariff. When there is a fixed rate per unit of energy consumed, it is called a simple tariff or 

uniform rate tariff. 

     In this type of tariff, the price charged per unit is constant i.e., it does not vary with increase or 

decrease in number of units consumed. The consumption of electrical energy at the consumer’s terminals 

is recorded by means of an energy meter. This is the simplest of all tariffs and is readily understood by the 

consumers. 

Disadvantages 

      (i) There is no discrimination between different types of consumers since every consumer has  to pay 

equitably for the fixed charges. 

     (ii) The cost per unit delivered is high. 

    (iii) It does not encourage the use of electricity. 

     2. Flat rate tariff: When different types of consumers are charged at different uniform per unit rates, it 

is called a flat rate tariff. 

     In this type of tariff, the consumers are grouped into different classes and each class of consumers is 

charged at a different uniform rate. For instance, the flat rate per kWh for lighting load may be 60 paise, 



whereas it may be slightly less (say 55 paise per kWh) for power load. The different classes of consumers 

are made taking into account their diversity and load factors. The advantage of such a tariff is that it is 

more fair to different types of consumers and is quite simple in calculations. 

Disadvantages 

      (i) Since the flat rate tariff varies according to the way the supply is used, separate meters are required 

for lighting load, power load etc. This makes the application of such a tariff expensive and complicated. 

     (ii) A particular class of consumers is charged at the same rate irrespective of the magnitude of energy 

consumed. However, a big consumer should be charged at a lower rate as in his case the fixed charges per 

unit are reduced. 

     3. Block rate tariff. When a given block of energy is charged at a specified rate and the succeeding 

blocks of energy are charged at progressively reduced rates, it is called a block rate tariff. 

     In block rate tariff, the energy consumption is divided into blocks and the price per unit is fixed in each 

block. The price per unit in the first block is the highest** and it is progressively reduced for the 

succeeding blocks of energy. For example, the first 30 units may be charged at the rate of 60 paise per 

unit; the next 25 units at the rate of 55 paise per unit and the remaining additional units may be charged 

at the rate of 30 paise per unit. 

     The advantage of such a tariff is that the consumer gets an incentive to consume more electrical 

energy. This increases the load factor of the system and hence the cost of generation is reduced. 

However, its principal defect is that it lacks a measure of the consumer’s demand. This type of tariff is 

being used for majority of residential and small commercial consumers.  

     4. Two-part tariff. When the rate of electrical energy is charged on the basis of maximum demand of 

the consumer and the units consumed, it is called a two-part tariff. 

     In two-part tariff, the total charge to be made from the consumer is split into two components viz., 

fixed charges and running charges. The fixed charges depend upon the maximum demand of the 

consumer while the running charges depend upon the number of units consumed by the consumer. Thus, 

the consumer is charged at a certain amount per kW of maximum†† demand plus a certain amount per 

kWh of energy consumed i.e., 

Total charges = Rs (b kW + c kWh) 

where,    b = charge per kW of maximum demand 

                                      c = charge per kWh of energy consumed 

     This type of tariff is mostly applicable to industrial consumers who have appreciable maximum 

demand. 

Advantages 

      (i) It is easily understood by the consumers. 

     (ii) It recovers the fixed charges which depend upon the maximum demand of the consumer but are 



independent of the units consumed. 

Disadvantages 

      (i) The consumer has to pay the fixed charges irrespective of the fact whether he has consumed or not 

consumed the electrical energy. 

     (ii) There is always error in assessing the maximum demand of the consumer. 

     5. Maximum demand tariff. It is similar to two-part tariff with the only difference that the maximum 

demand is actually measured by installing maximum demand meter in the premises of the consumer. This 

removes the objection of two-part tariff where the maximum demand is assessed merely on the basis of 

the rate able value. This type of tariff is mostly applied to big consumers. 

However, it is not suitable for a small consumer (e.g., residential consumer) as a separate maximum 

demand meter is required. 

     6. Power factor tariff. The tariff in which power factor of the consumer’s load is taken into 

consideration is known as power factor tariff. 

     In an a.c. system, power factor plays an important role. A low* power factor increases the rating of 

station equipment and line losses. Therefore, a consumer having low power factor must be penalized. 

The following are the important types of power factor tariff : 

      (i) k VA maximum demand tariff : It is a modified form of two-part tariff. In this case, the fixed charges 

are made on the basis of maximum demand in kVA and not in kW. As kVA is inversely proportional to 

power factor, therefore, a consumer having low power factor has to contribute more towards the fixed 

charges. This type of tariff has the advantage that it encourages the consumers to operate their 

appliances and machinery at improved power factor. 

     (ii) Sliding scale tariff : This is also know as average power factor tariff. In this case, an average  power 

factor, say 0·8 lagging, is taken as the reference. If the power factor of the consumer falls below this 

factor, suitable additional charges are made. On the other hand, if the power   factor is above the 

reference, a discount is allowed to the consumer. 

    (iii) kW and kVAR tariff : In this type, both active power (kW) and reactive power (kVAR)          supplied 

are charged separately. A consumer having low power factor will draw more reactive power and hence 

shall have to pay more charges. 

     7. Three-part tariff. When the total charge to be made from the consumer is split into three parts viz., 

fixed charge, semi-fixed charge and running charge, it is known as a three-part tariff. i.e., 

                         Total charge = Rs (a + b kW + c kWh) 

     Where             a = fixed charge made during each billing period. It includes interest and depreciation on 

the cost of secondary distribution and labour cost of collecting revenues, 

                                     b = charge per kW of maximum demand, 

                                     c = charge per kWh of energy consumed. 



     It may be seen that by adding fixed charge or consumer’s charge (i.e., a) to two-part tariff, it becomes 

three-part tariff. The principal objection of this type of tariff is that the charges are split into three 

components. This type of tariff is generally applied to big consumers. 
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