
Session 3 

A gas power plant, also known as a natural gas power plant or a gas-fired power plant, 

generates electricity by burning natural gas to produce high-pressure gas that drives a turbine 

connected to a generator. Here is a general layout of a gas power plant: 

1. Gas Turbine: The gas turbine is the main component of a gas power plant. It consists of a 

compressor, a combustion chamber, and a turbine. The compressor draws in air and 

compresses it, increasing its pressure. The compressed air is mixed with natural gas in the 

combustion chamber, where it is ignited, producing high-temperature and high-pressure gas. 

The hot gas expands through the turbine, causing the turbine blades to rotate. 

2. Generator: The rotating shaft of the turbine is connected to a generator. As the turbine 

spins, it drives the generator, which converts the mechanical energy into electrical energy. 

The generator produces alternating current (AC) electricity. 

3. Heat Recovery Steam Generator (HRSG): The hot exhaust gases from the gas turbine pass 

through a heat recovery steam generator (HRSG). The HRSG recovers the waste heat from 

the exhaust gases and uses it to generate steam. The steam produced in the HRSG can be used 

for various purposes, including driving a steam turbine for additional electricity generation or 

providing heat for industrial processes or district heating. 

4. Steam Turbine (Optional): In combined cycle gas power plants, a steam turbine may be 

included to generate additional electricity. The steam produced in the HRSG is directed to the 

steam turbine, which operates similarly to a steam power plant. The steam expands through 

the turbine, driving the turbine blades and generating more electricity. 

5. Cooling System: Gas power plants require a cooling system to dissipate excess heat and 

maintain proper operating temperatures. This can be achieved through various methods, such 

as cooling towers that use evaporation to remove heat or direct contact cooling systems that 

use water from natural sources. 

6. Fuel Supply System: Gas power plants rely on a steady supply of natural gas for operation. 

The fuel supply system includes gas pipelines, storage facilities, and equipment for gas 

metering and pressure regulation. 

7. Control Room and Monitoring: A gas power plant typically has a control room where 

operators monitor and control various aspects of plant operations, including gas flow, turbine 



speed, and electrical output. Advanced control systems and automation are used to optimize 

power generation and ensure safe and efficient operation. 

8. Transformer and Transmission Lines: The electricity generated in the gas power plant is 

initially at a relatively low voltage. It is then stepped up to a higher voltage using 

transformers. Higher voltage is advantageous for efficient transmission of electricity over 

long distances. The electricity is then transmitted through high-voltage transmission lines to 

distribution networks for further distribution. 

 

It's important to note that the specific layout and design of a gas power plant can vary 

depending on factors such as the type and capacity of the plant, environmental regulations, 

and site constraints. Additionally, some gas power plants may incorporate additional 

components, such as emissions control systems, to reduce air pollutants and comply with 

environmental standards. 

Gas turbine Power plant: 

A gas power plant burns natural gas to generate the electricity. As the name suggest the gas 

power plant is operated by using gas. Gas is the operating medium of gas turbine which 

rotates the prime mover. The gas can be of any type it can be simple air or natural gas or it 

can be non-reactive mixture of gases. Gas power plant or natural gas power plant works on 

brayton cycle to generate the electricity. Natural gas plays a big role for generating 

electricity. This plant is more flexible for power generation; it is more efficient per ton of 

fuel. Natural gas turbines were first introduced for public use in 1939 to 1940 at a plant in 

Nicoya Haidle Switzerland. Gas power plant generates a quarter of world electricity and 

significant part of global greenhouse gas emission like carbon dioxide, methane, nitrous 

oxide, ozone and water vapour. 

Gas power plant is type of fossil fuel power plant in which chemical energy is stored in 

natural gas which is mainly methane is converted successfully into the mechanical energy 

and electrical energy. All gas power plants use gas turbines. The overall efficiency of the gas 

turbine power can be about 35 % almost the same as the conventional steam power plant. 

Operation of the Gas power plant: 

Natural gas is added along with stream air which combust and expense through turbine 

causing a generator to spin a magnet making electricity. The turbine is used to generate drive 

a synchronous generator which produce the electric power because the turbine normally 



operates at very high rotational speed of 12000 rpm or more it must be connected to generator 

through a high reduction gear since the generator runs at speed of 1000 or 1200 rpm 

depending on the ac frequency of electricity grid. 

A gas turbine is a heat engine and a turbo machine which is used generally for electrical 

power production in gas turbine power plants. The gas turbine is heat engine that will convert 

heat energy in to mechanical energy. 

Now to understand the operation of the gas turbine power plant we will consider silencer of 

the motor cycle from which exhaust gases are come out with energy contain having some 

velocity and if we place small turbine in front of it when these exhaust gases fall on the 

blades of the turbine. It will start rotating in corresponding direction. 

 

Now understanding this experiment the working of the gas power plant is similar to it. 

 

Components of the gas turbine: 

 

Air compressor: 

https://www.electroniclinic.com/wp-content/uploads/2021/01/gas-turbine.jpg
https://www.electroniclinic.com/wp-content/uploads/2021/01/gas-turbine-components.jpg


The air compressor and turbine or mounted at either end on a horizontal axle shaft with the 

combustion chamber between them. The main work of the air compressor is to compress the 

air and increase its pressure. 

Combustion chamber: 

In the combustion chamber the compressed air combines with fuel and the resultant mixture 

is burnt. In some cases the liquid fuels are also used but mostly the gases are used as fuel. A 

spark plug is used for the ignition to burn the mixture of gas. The air compressor and 

combustion chamber is also called gas generator because it produce hot gases. 

Turbine: 

The burning gases expand rapidly and rush into the turbine where they cause the turbine 

wheels to rotate. The shaft of the turbine is coupled to generator to drive it. To increase the 

efficiency of the gas turbine multistage gas turbine can also be used. 

Types of gas turbines: 

There are the following types of the gas power plant: 

Open loop gas turbine: 

This is also known as simple gas power plant. A hot gas drives a gas turbine to generate 

electricity. This type of power plant is relative cheap to build and start very quickly but due to 

lower efficiency. Simple gas turbine power plant is able to dispatch faster than coal fired 

power plant. They are turn on or off faster in order to meet the society electricity needs often 

needed on the grid fluctuating electricity needs of society known as peaking power. The 

combined cycle gas turbine power plant consists of simple cycle gas turbine which used the 

brayton cycle followed by a heat recovery stream turbine and generator which use the 

Rankine cycle. The most common configuration in to gas turbine supporting one stream 

turbine. They are more efficient than simply cycled plant and can achieve efficiency slightly 

over 60 % and dispatch times of around half an hour. It makes use of the hot exhaust gases 

that would otherwise be dispelled from system. The open loop gas turbine consists of three 

main components: 

 Compressor 

 Combustion chamber 

 Turbine 

The rotor of the turbine and compressor is connected by the shaft. One end of the shaft is 

connected with the generator for the electrical power development. 

 

Compressor: 



The compressor takes air from the atmosphere and does work on it. So the air comes from the 

compressor with high pressure and temperature and goes to the combustion chamber. 

Combustion chamber: 

In the combustion chamber fuel is sprayed on the pressurized air so when the fuel comes in 

contact with the high temperature it will ignites. In the combustion chamber heat is produced 

by burning of the fuel and air. So when this air comes from the combustion chamber it 

becomes exhaust gas and goes in to the turbine chamber. 

Turbine: 

The exhaust gases expand in the turbine due which work is done on the rotor of the turbine as 

the shaft of is connected between the compressor and generator so some work is also transfer 

towards the compressor and the remaining work is invested on the generator side for the 

power production. The exhaust gases then go out of turbine through exit in the atmosphere. 

The temperature of the gases at the exit will be lower that the temperature at the combustion 

chamber. 

So let us consider that 100 J of air enter in to the compressor, and comes out of the 

compressor ultimately 500 J which shows that the work is added by the compressor to the air. 

400 J of work is added by the compressor to the air. Now in the combustion chamber heat is 

added to the air and comes out having energy 1000 J from the combustion chamber. These 

exhaust gases are allowed to expand in the turbine and after expansion the air comes out 

having energy 300 J from the exit. So in the remaining 700 J energy 400 J energy is requires 

by the compressor for its own working because it is investing 500 J work. The rest of the 300 

J energy is used to rotate the generator for the development of electrical power. 

This is called open loop system because air coming from the atmosphere going in to the 

system and go out of the system. 

Close loop gas Turbine: 

The component of the close loop gas turbine is similar to that of the open loop gas turbine but 

there is some difference the compressor compresses the air send it to the heat exchanger 

instead of combustion chamber. In heat exchanger the heat is added by the external agents, 

actual combustion does not takes place with air itself. It is added with the help of heat 

exchanger. Suppose that we are burning some coal so heat is develop which move in the 

exchanger and mix with air but actual combustion does not takes place with the air itself as 

like that of the open loop gas turbine. This hot air from the heat exchanger is allowed to 

expand in the turbine. So some of the work develop go back to the compressor for its running 

and some part is invested to the generator for developing electrical power. Now when the air 



come out from the turbine which has lower temperature. Now this air is pass through another 

heat exchanger where it only release the air to the atmosphere from the cooling heat 

exchanger. This air will go again to the compressor. 

 

 

 

Classification of gas turbine: 

The gas turbine may be classified on the basis of following factors: 

On the basis of combustion process 

 Continuous combustion or constant pressure type: the working principle is Joule or 

Brayton cycle 

 The explosion or the constant volume type: the working principle is Atkinson cycle 

On the basis of path of working substance: 

 Open cycle gas turbine 

 Closed cycle gas turbine 

On the basis of action of expanding gases 

 Impulse turbine 

 Reaction turbine 

On the basis of direction of flow 

 Axial flow turbine 

 Radial flow turbine 

Working Layout of gas turbine power plant: 
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The gas turbine is not self-started so to start the gas turbine we need starting motor. The LPC 

which is low pressure compressor will suck air from the atmosphere where the pressure and 

temperature of the air will be increases. The compressed air is then send to the inter cooler 

system where the compressed air is cold with the help of cooling water which circulates in it. 

The compressed air is then send to the HPC which is high pressure compressor where the air 

is more compressed means pressure is increased. The high pressure compressed air then 

transfer to the heat exchanger where the exhaust gases are also present with the help of which 

the temperature of the compressed air are increased. The hot air is passed in to the CC 

combustion chamber when the temperature of the air is maximum then the burning of air 

occur easily. In the combustion chamber natural gas are used as fuel which when come in 

contact with the hot air ignition occurs. In some condition we also used spark plug for the 

burning process. The hot gases will be produce in the combustion chamber which will then 

transfer to the HPT high pressure turbine which will expend and will rotate the turbine. When 

the turbine start rotation as the shaft of turbine is connected with LPC and HPC they will also 

start rotation and the starting motor will stop. About 66 % of power is used for the working of 

the compressor and the remaining 34 % of power is used to rotate the shaft of the generator to 

produce electricity. From the HPT hot gases is again send to the CC combustion chamber 

where they again burn and their temperature increases more. These hot gases are then send to 

the LPT low pressure turbine. The generator shaft is coupled with the LPT which will starts 

rotation and generate electricity. The burn gases comes back to the heat exchanger which will 

heat up the compressed air coming from HPC. The exhaust gases are then left in the 

atmosphere with the help of chimney. 

 

 

 

Application of Gas turbine: 

Applications of gas turbine are as follow: 

Turbojet engine: 

Every turbojet engine and turbo propeller engine has a gas turbine. The turbine supplies 

power only to drive air compressor in the turbojet engine while in turbo propeller engine it 

may drive the propeller in addition to the compressor. The expansion of the gases may takes 

place in one turbine or in set of low pressure and high pressure turbine. 

Marine field: 



Gas turbine is also used in marine field. The power plant using the steam turbine requires 

boiler water storage tanks, and water distillation plant etc. but in gas turbine power plant we 

do not require these. 

Super charging: 

In super charging of IC engine a small gas turbine run by hot exhaust gases drives the super 

charger. 

Railway engines: 

The gas turbines have also entered in the field of railway engines. The electric company have 

successfully built a number of 4870 HP engines running on the gas turbo electric principle. 

Electric Power generation: 

Gas turbine power plant is now becoming popular. As compared to steam power station the 

gas turbine power station requires much less water. Therefore it is used at location where 

water is less available. 

Industry: 

Gas turbine is also employed for numerous industrial purposes e.g blast of air for blast 

furnace in steel industry, oil and other chemical industries. 

A nuclear power plant generates electricity through the process of nuclear fission, in which 

the nucleus of an atom is split, releasing a large amount of energy. Here is a general layout of 

a nuclear power plant: 

Nuclear Reactor: The heart of a nuclear power plant is the nuclear reactor, where controlled 

nuclear fission takes place. The reactor contains fuel rods, usually made of enriched uranium, 

arranged in a core. Neutrons bombard the uranium atoms, causing them to split, which 

releases energy in the form of heat. The reactor is equipped with control rods made of 

materials such as boron or cadmium that can absorb neutrons and regulate the fission process. 

Coolant System: The heat generated in the reactor must be transferred and controlled to 

prevent overheating and damage. A coolant, usually water or a mixture of water and 

chemicals, circulates through the reactor core, absorbing the heat generated by the nuclear 

reactions. The heated coolant then passes through a heat exchanger. 

Steam Generator: The heat exchanger, known as a steam generator, transfers the heat from 

the coolant to a secondary loop of water, turning it into steam. The steam generator consists 

of thousands of tubes through which the hot coolant flows, while the secondary water 

surrounds the tubes, absorbing the heat and converting into steam. 



Turbine: The high-pressure steam produced in the steam generator is directed to a turbine. 

The turbine consists of a series of blades mounted on a shaft. As the steam flows over the 

blades, it causes the turbine to spin rapidly. The spinning turbine converts the thermal energy 

of the steam into mechanical energy. 

Generator: The rotating shaft of the turbine is connected to a generator. As the turbine spins, 

it drives the generator, which converts the mechanical energy into electrical energy. The 

generator produces alternating current (AC) electricity. 

Condenser: After passing through the turbine, the steam enters a condenser. The condenser is 

a heat exchanger that cools down the steam, converting it back into water. This is achieved by 

circulating cool water from a nearby source, such as a river or a cooling tower, around the 

tubes of the condenser. The cooled steam condenses on the outside of the tubes, while the 

cool water absorbs the heat and exits the condenser. 

Cooling System: Nuclear power plants require a cooling system to dissipate excess heat and 

maintain proper operating temperatures. This can be achieved through various methods, such 

as cooling towers that use evaporation to remove heat or direct contact cooling systems that 

use water from natural sources. 

Control Room and Monitoring: A nuclear power plant typically has a control room where 

operators monitor and control various aspects of plant operations, including reactor 

temperature, coolant flow rate, and electrical output. Advanced control systems and safety 

mechanisms are in place to ensure safe and efficient operation of the plant. 

Fuel Handling and Storage: Nuclear power plants require specialized facilities for fuel 

handling and storage. This includes storage pools or dry casks to store spent fuel, as well as 

systems for safely handling and transporting nuclear fuel assemblies. 

It's important to note that the specific layout and design of a nuclear power plant can vary 

depending on factors such as the reactor type (e.g., pressurized water reactor, boiling water 

reactor), capacity, safety features, and site considerations. Additionally, nuclear power plants 

have stringent safety protocols and containment systems to prevent the release of radioactive 

materials and ensure the safe operation of the facility. 

In a nuclear power plant, heat energy is generated by a nuclear reaction called as nuclear 

fission. Nuclear fission of heavy elements such as Uranium or Thorium is carried out in a 



special apparatus called as a nuclear reactor. A large amount of heat energy is generated due 

to nuclear fission. Rest parts of a nuclear power plant are very similar to conventional thermal 

power plants. It is found that fission of only 1 Kg of Uranium produces as much heat energy 

as that can be produced by 4,500 tons of high grade coal. This considerably reduces the 

transportation cost of fuel, which is a major advantage of nuclear power plants. Also, there 

are large deposits of nuclear fuels available all over the world and, hence, nuclear power 

plants can ensure continued supply of electrical energy for thousands of years. About 10% of 

the total electricity of the world is generated in nuclear power plants. 

How Does A Nuclear Power Plant Work? 

Heavy elements such as Uranium (U
235

) or Thorium (Th
232

) are subjected to nuclear fission 

reaction in a nuclear reactor. Due to fission, a large amount of heat energy is produced which 

is transferred to the reactor coolant. The coolant may be water, gas or a liquid metal. The 

heated coolant is made to flow through a heat exchanger where water is converted into high-

temperature steam. The generated steam is then allowed to drive a steam turbine. The steam, 

after doing its work, is converted back into the water and recycled to the heat exchanger. The 

steam turbine is coupled to an alternator which generates electricity. The generated electrical 

voltage is then stepped up using a transformer for the purpose of long distance transmission. 

 

The image below shows basic components and layout of a nuclear power station. 
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Basic Components Of A Nuclear Power Plant 

Nuclear Reactor 

A nuclear reactor is a special apparatus used to perform nuclear fission. Since the nuclear 

fission is radioactive, the reactor is covered by a protective shield. Splitting up of nuclei of 

heavy atoms is called as nuclear fission, during which huge amount of energy is released. 

Nuclear fission is done by bombarding slow moving neutrons on the nuclei of heavy element. 

As the nuclei break up, it releases energy as well as more neutrons which further cause 

fission of neighboring atoms. Hence, it is a chain reaction and it must be controlled, 

otherwise it may result in explosion. A nuclear reactor consists of fuel rods, control rods and 

moderator. A fuel rod contains small round fuel pallets (uranium pallets). Control rods are of 

cadmium which absorb neutrons. They are inserted into reactor and can be moved in or out to 

control the reaction. The moderator can be graphite rods or the coolant itself. Moderator 

slows down the neutrons before they bombard on the fuel rods. 

 

Two types of nuclear reactors that are widely used - 

1. Pressurised Water Reactor (PWR) - 

This type of reactor uses regular water as coolant. The coolant (water) is kept at very 
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high pressure so that it does not boil. The heated water is transferred through heat 

exchanger where water from secondary coolant loop is converted into steam. Thus the 

secondary loop is completely free from radioactive stuff. In a PWR, the coolant water 

itself acts as a moderator. Due to these advantages, pressurised water reactors are most 

commonly used. 

2. Boiling Water Reactor (BWR) - 

In this type of reactor only one coolant loop is present. The water is allowed to boil in 

the reactor. The steam is generated as it heads out of the reactor and then flows through 

the steam turbine. One major disadvantage of a BWR is that, the coolant water comes in 

direct contact with fuel rods as well as the turbine. So, there is a possibility that 

radioactive material could be placed on the turbine. 

Heat Exchanger 

In the heat exchanger, the primary coolant transfers heat to the secondary coolant (water). 

Thus water from the secondary loop is converted into steam. The primary system and 

secondary system are closed loop, and they are never allowed to mix up with each other. 

Thus, heat exchanger helps in keeping secondary system free from radioactive stuff. Heat 

exchanger is absent in boiling water reactors. 

Steam Turbine 

Generated steam is passed through a steam turbine, which runs due to pressure of the steam. 

As the steam is passed through the turbine blades, the pressure of steam gradually decreases 

and it expands in volume. The steam turbine is coupled to an alternator through a rotating 

shaft. 

Alternator 

The steam turbine rotates the shaft of an alternator thus generating electrical energy. 

Electrical output of the alternator is the delivered to a step up transformer to transfer it over 

distances. 

Condenser 

The steam coming out of the turbine, after it has done its work, is then converted back into 

water in a condenser. The steam is cooled by passing it through a third cold water loop. 
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