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What is a Thermal Power Plant?
According to energy conservation law, energy is neither created nor destroyed. But we can convert one form of energy into other forms of energy. Electrical energy can be derived from many other sources of energy. And the plant that is used to generate a bulk amount of electrical energy is known as a power plant or power station.
In the thermal power plant, the electrical energy is transformed from heat energy. Heat energy can be derived from different heat sources like; coal, diesel, biofuel, solar energy, nuclear energy, etc.
The power plant that uses coal to generate heat is known as the thermal power plant. The thermal power plant is a conventional power plant. Sometimes, the thermal power plant is also known as a steal-turbine power plant or coal power plant.
· Related Post: Hydropower Plant – Types, Components, Turbines and Working
Working of Thermal Power Plant
The thermal power plant works on the Rankine cycle. A one-line diagram or layout of the thermal power plant is as shown in the below figure.
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Layout of Thermal Power Plant
In a thermal power plant, a very large amount of fuel (coal) is required. Therefore, the coal is transported via trains to the fuel storage space. The size of coal is very large that is not suitable for the boiler. So, the coal is crushed in small pieces via crusher and fed to the boiler.
To produce steam in the boiler, a high amount of water is also required in the thermal power plant. The water is treated with filters and free from impurities and air. After that, the water is fed to the boiler drum. In the boiler drum, the combustion heat from the fuel is transferred to the water. And the water converts into steam.
This steam is high-pressure and high-temperature steam. Further, this steam is supplied to the superheater. And this super-heated steam is supplied to the turbine blades.
So, the heat energy is converted into rotational energy of mechanical energy by the turbine. The turbine is mechanically connected to the same shaft as the alternator. So, the turbine rotates the rotor of the alternator. An alternator is used to convert mechanical energy into electrical energy.
Further, the electrical energy is converted into high voltage using a transformer and transfer the electrical energy to the load via a transmission line in a typical power system.
The steam released from the turbine is supplied to the condenser. In the condenser, the exhaust steam is condensed by means of cold-water circulation. And the steam releases pressure and temperature. This will increase the efficiency of the cycle.
The condensed water again fed to the boiler with the help of the feedwater pump and used in the cycle.  
The ash is produced after the combustion of coal. So, it was taken out from the boiler furnace. And it is necessary to dispose of properly without damage the environment.
While combustion of coal in a boiler, the flue gases exhaust the atmosphere from the chimney.
· Related Post: Solar Power Plant – Types, Components, Layout and Operation
Components of Thermal Power Plant
In a thermal power plant, various components are used in the cycle. Here we have listed, main components of the thermal power plant.
· Boiler
· Turbine
· Super-heater
· Condenser
· Economizer
· Feedwater pump
· Alternator
· Chimney
· Cooling tower
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Boiler
The pulverized coal is fed to the boiler with preheated air. The boiler is used to produce high-pressure steam.
The boiler in the thermal power plant is used to convert the chemical energy of coal into thermal energy or heat energy. During the combustion of coal, a high temperature is produced inside the boiler. This temperature is high enough to convert water into steam.   
The size of the boiler depends on the amount of heat required for the thermal power plant. And there are several types of boiler used in a thermal power plant like; Haycock and wagon top boiler, firetube boiler, Cylindrical fire-tube boiler, water-tube boiler, etc.
Turbine
The high pressure and high-temperature steam are fed to the boiler. This superheated steam is a strike on the turbine blade. And the turbine starts rotating. The turbine is a mechanical device that is used to convert the heat energy of steam into rotational energy or kinetic energy.
The turbine is mechanically coupled with an alternator via a shaft. When the steam release from the turbine, the temperature and pressure is reduced. And this steam is passed to the condenser.
Super-heater
In a steam turbine, super-heated steam is used to rotate the turbine. The wet and saturated steam is supplied to the super-heater. And it is a device that converts it into dry and superheated steam.
The super-heater’s temperature is the highest among all components of the thermal power plant. In the thermal power plant; there are three types of superheaters used; convection, radiant, and separately fired.
The superheater is used to increase the temperature of the steam generated from the boiler. This will increase the thermal energy of the steam.
Condenser
When the steam release from the turbine, the temperature and pressure is decreased. The exhaust steam of the turbine reuse in the cycle.  To increase the turbine efficiency, we need to condense this steam to maintain a proper vacuum.
The condenser decreases the operating pressure. So, the vacuum is increased. And this will increase the volume of steam that results in more amount of work available at the turbine. And due to this, the plant efficiency will increase with the increase in turbine output.
Economizer
The economizer is a heat exchanger device that is used to reduce energy consumption. In the boiler, flue gases are exhausted into the atmosphere. These gases have a high temperature. So, the economizer uses the heat of flue gases to heat the water.  
The water release from the condenser is again used in the cycle. With the help of a feedwater pump, this water is transferred to the economizer. An economizer uses the heat of flue gases to increase the temperature of the water.
The economizer uses the waste heat of flue gases. Hence, it is used to increase the efficiency of the entire cycle.
Feedwater pump
A feedwater pump is used to supply water into the boiler. The water may be from the condenser or freshwater. This pump is used to pressure the water. Generally, the feedwater pump is a centrifugal type or positive displacement type of pump.
Alternator
The alternator and turbine are connected on the same shaft. The turbine rotates with the flow of steam and the turbine rotates. The rotor of the alternator rotates and generates electrical energy. Therefore, the alternator is a device that converts kinetic energy or rotational energy into electrical energy.
Chimney 
In most of the thermal power plants, coal is used as fuel. During the combustion of coal, the flue gases are generated in the boiler. The chimney provides a path to the flue gas and exhaust to the atmosphere.
The chimney works based on the natural draft and stack effect. The hot air is light in weight and it goes up. The height of the chimney is high. The taller height, the more draft or draught is created.
Cooling tower
As the name suggests, the cooling tower is used to reject waste heat in the atmosphere. Different heat transfer methods are used in the cooling tower. The heat of the water evaporates into the atmosphere. And remains cool water that further use in the cycle. 
The condenser converted steam into water. And the water that comes from the condenser is supplied to the cooling tower. Generally, forced flow cooling towers are used in the thermal power plant. And the air is circulated from bottom to top of the tower.
· Related Post: What is Nuclear Power and How Nuclear Power Plant Works?
Site Selection of Thermal Power Plant
Various factors affect for selection of the site of a thermal power plant. The following factors should be considered while a selection of thermal power plants.
Availability of fuel:
In most of the thermal power plants, coal is used as a fuel. The power plants are used to generate a bulk amount of electrical energy. And for that, a greater amount of coal is required. Therefore, the thermal power plants are placed near the coal mine to reduce the cost of transportation.
Transportation facility:
There are several pieces of machinery used in the thermal power plant. These machineries are very big in size. So, the location is selected where adequate transportation facility available. For transportation of coal, rail or road transportation is required. The power plant is handled by several technicians, workers, and engineers. So, the location of the plant is selected where the public transport easily available.
Availability of water:
In a thermal power plant, to produce high pressure and high-temperature steam, a huge amount of water is required. So, it is necessary that the plant must be located near the bank of a river or at a place where a continuous supply of water is available.
Availability of land:
To install a thermal power plant large space is required. And the cost of land must be low. The land was chosen with consideration of future expansion if necessary. The plant requires many heavy types of machinery. Hence, the ground should be bearing the load of machinery and the foundation must be strong.
Far from populated area:
The thermal power plant exhausts flue gases, ash, dust, and smoke. And these things are a danger for a human being. So, it is necessary that the plant must be placed far from the city area. The surrounding atmosphere and land may damage due to ash and gases. So, the place chosen for a plant is kept as far as from the populated area and farms.   
The plant has several types of machinery like the alternator, power transformer, fans, pumps, turbines, etc. Therefore, it produces noise in the surrounded area.
Ash disposal facility:
After the combustion of coal, the ash generated 30-40% of total coal consumption. And the ash is the main byproduct of the thermal power plant. And it is necessary to proper disposal of ash.
The ash is collected from the bottom of the boiler furnace and most of the ash particles are flue with gases. So, there is two ash handling systems; one is the bottom ash handling system and the second is the fly ash handling system.
Near to the load center:
The electrical energy is generated from the alternator. And the alternator is connected with the power transformer to step up the voltage level. High voltage power is transmitted to the load center via a transmission line. So, to reduce the transmission cost, the plant is located near the load center.
Efficiency of Thermal Power Plant
In a thermal power plant, the electrical energy is generated from two energy conversion. The chemical energy of coal is converted into thermal energy of heat energy. After the thermal energy is converted into kinetic energy or mechanical energy. And finally, the mechanical energy is converted into electrical energy. So, due to the number of energy conversions, the efficiency of thermal power plants is very low around 20-29%.
The efficiency of a thermal power plant is also depending on the size of the plant and the quality of coal. In a thermal power plant, the heat energy is lost in the condenser. There are two types of efficiency in thermal power plants.
· Thermal efficiency
· Overall efficiency
Thermal efficiency:
Thermal efficiency is defined as the ratio of heat equivalent mechanical energy available at the turbine to the heat energy available at the combustion of coal in the boiler.
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The thermal efficiency of the thermal power plants is 30% approx. Most of the heat energy (approx. 50%) is wasted in the condenser. The rest of the heat energy is wasted in the flue gases, ash etc.
Overall efficiency:
The overall efficiency is defined as the ratio of heat equivalent of electrical output to the heat of combustion of coal.
[image: Thermal Power Plant Overall efficiency]
The overall efficiency includes the losses that occur at all stages of a cycle. It also includes the efficiency of an alternator.
The overall efficiency of a thermal power plant depends on its size and rating of a power plant in MW. Lower the capacity, lower the efficiency.
	Installed Plant Capacity
	Average Overall Thermal Efficiency

	Up to 1 MW
	4%

	1 MW to 10 MW
	12%

	10 MW to 50 MW
	16%

	50 MW to 100 MW
	24%

	More than 100 MW
	27%


Related Posts:
· What is HVDC? High Voltage Direct Current Power Transmission
· Differences Between HVAC and HVDC Power Transmission
· Advantages of HVDC over HVAC Power Transmission
Advantages & Disadvantages of Thermal Power Plant
Advantages
The advantages of a thermal power plant are listed below.
· The initial cost of this plant is less compared to other power plants.
· The cost of fuel is less.
· Running cost is less compared to a diesel power plant.
· It is less depending on the seasons. Most thermal power plants running throughout the year.
· The coal is easily available and easy to transport in bulk quantity.
· Compared to hydropower plants, it requires less space.
· The maintenance of thermal power plants is less compared to the other power plants.
· This plant can be installed in any location where adequate transport facility and bulk water is available.
Disadvantages
The disadvantages of the thermal power plants are as listed below.
· The thermal power plant uses coal as a fuel. And it is a conventional source of energy. So, we need to use less conventional sources for a better future.
· Coal is a commodity. So, the price of coal depends on the commodity market and it varies day by day.
· The running cost of this plant is high compared to a hydro power plant.
· It produces ash as a by-product. And it is necessary to dispose of ash without harming the environment.
· Due to the combustion of coal, flew gases and smoke are released into the atmosphere. Therefore, this plant is not environmentally friendly.
· It produces harmful noise in the surrounded area. So, it affects workers and the people leave nearby areas.
· The overall efficiency of the thermal power plant is very less. It is approx. 30%.
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Factors for selection of site for thermal power station
The selection of a site for a thermal power station involves considering several factors to ensure optimal efficiency, safety, and environmental impact. Here are some key factors that play a crucial role in the selection process:
1. Fuel Availability: The proximity and availability of the fuel source, such as coal, oil, or natural gas, are critical considerations. The site should have easy access to fuel reserves to ensure a consistent and reliable supply.
2. Water Supply: Thermal power plants require significant amounts of water for cooling and steam generation. Access to a reliable and ample water supply, either from a nearby river, lake, or ocean, is essential. Additionally, the site should have proper arrangements for wastewater treatment and discharge.
3. Transportation Infrastructure: A thermal power station requires efficient transportation infrastructure for fuel delivery and removal of ash and waste materials. The site should be well-connected to road, rail, and port networks to facilitate the transportation of fuel and by-products.
4. Grid Connectivity: Proximity to existing power transmission infrastructure is vital for connecting the power station to the electrical grid. Building transmission lines over long distances can be costly and result in power losses, so a nearby grid connection point is preferable.
5. Environmental Considerations: The environmental impact of the power plant should be assessed. The site should be away from sensitive ecosystems, residential areas, and areas prone to natural disasters. Adequate measures should be in place to mitigate air and water pollution, noise, and any potential ecological impacts.
6. Land Availability and Topography: Sufficient land area is necessary for constructing the power plant, including auxiliary facilities like ash ponds and cooling towers. The site's topography should be suitable for construction and provide a stable foundation for heavy machinery.
7. Climatic Conditions: Climatic factors, such as temperature, humidity, and wind patterns, can influence the plant's performance and efficiency. Extreme temperatures or environmental conditions that may hinder the operation of the power station should be taken into account.
8. Political and Regulatory Environment: Regulatory factors, government policies, and the overall political stability of the region should be considered. It is essential to ensure that the project aligns with the legal and regulatory frameworks and can obtain necessary permits and approvals.
9. Socio-Economic Impact: The social and economic impact on local communities should be assessed. Factors like employment opportunities, community development, and the potential for economic growth can influence site selection decisions.
10. Future Expansion Potential: The site should have sufficient space for future capacity expansion if required. Anticipating the long-term energy demands of the region is crucial to ensure that the power plant can meet future needs.
The selection process for a thermal power station involves a comprehensive analysis of these factors to find an optimal location that balances technical, economic, environmental, and social considerations.

Main components of thermal power station
A thermal power station, also known as a coal-fired power plant,
1. Boiler: The boiler is a critical component where fuel (such as coal, oil, or natural gas) is burned to produce high-pressure steam. The combustion of fuel releases heat energy, which is absorbed by water circulating through the boiler tubes, converting it into steam.
2. Turbine: The high-pressure steam from the boiler is directed to a steam turbine. The turbine consists of multiple stages of rotating blades that are driven by the high-speed steam. As the steam expands through the turbine, its pressure and temperature drop, while the kinetic energy is converted into mechanical energy.
3. Generator: The turbine is connected to a generator, which is responsible for converting the mechanical energy from the turbine into electrical energy. The generator consists of a rotating magnetic field and stationary conductive coils that produce alternating current (AC) electricity when the turbine spins.
4. Condenser: After the steam has passed through the turbine, it enters the condenser. The condenser is a heat exchanger that cools and condenses the steam back into water using a coolant, typically water from a nearby water source. The condensed water is then pumped back into the boiler to be reheated and reused.
5. Cooling System: Thermal power plants require a cooling system to dissipate excess heat from the condenser. This can be achieved through various methods, such as using cooling towers that use evaporation to cool the water or utilizing a nearby water source, such as a river or lake, for direct cooling.
6. Fuel Handling System: A thermal power station needs a system for handling and storing the fuel. This system may include coal or oil storage yards, fuel handling equipment, conveyors, and pulverizing mills to grind the fuel into a fine powder for efficient combustion.
7. Ash Handling System: When fuel is burned in the boiler, it produces ash and other solid by-products. An ash handling system is responsible for collecting, conveying, and disposing of the ash generated during the combustion process. This system typically includes ash hoppers, ash conveyors, and ash storage or disposal facilities.
8. Control Room: The control room is the central hub where operators monitor and control the entire power plant's operations. It contains various control panels, instruments, and computer systems that allow operators to manage the power generation process, adjust parameters, and ensure safe and efficient plant operation.
9. Transformers and Switchgear: Transformers are used to step up the generated electricity to high voltages for efficient transmission over long distances. Switchgear equipment includes circuit breakers, relays, and switches, which are used to control and protect the electrical system within the power plant.
10. Environmental Control Systems: To minimize the environmental impact, thermal power stations employ systems for pollution control. These may include electrostatic precipitators to remove particulate matter, flue gas desulfurization units to reduce sulfur emissions, and selective catalytic reduction units to control nitrogen oxide emissions.
These are the main components of a typical thermal power station, and their integration and proper functioning enable the conversion of heat energy into electrical energy on a large scale.

boiler
The boiler is a crucial component of a thermal power station. Its primary function is to convert the chemical energy stored in the fuel (such as coal, oil, or natural gas) into heat energy, which is then used to generate steam. The steam, in turn, drives a turbine to produce electricity.
Here are some key features and components of a boiler in a thermal power station:
1. Furnace: The furnace is the combustion chamber where the fuel is burned. It provides a controlled environment for efficient and complete combustion of the fuel, ensuring the release of maximum heat energy.
2. Grate: In coal-fired boilers, a grate is used to support and distribute the fuel, allowing air to pass through and facilitate combustion. The grate can be either stationary or movable, depending on the specific boiler design.
3. Combustion System: The combustion system includes burners or stokers that introduce the fuel into the furnace and mix it with air for combustion. The air-fuel mixture must be properly controlled to achieve optimal combustion efficiency and minimize emissions.
4. Water Walls and Tubes: The walls of the furnace and the boiler are lined with water-cooled tubes or water walls. These tubes absorb the heat from the combustion process, transferring it to the water circulating within them. The water walls also provide structural support and help maintain the integrity of the boiler.
5. Superheater: The superheater is a section of the boiler where the temperature of the steam is raised above its saturation point. This process increases the energy content of the steam, improving the efficiency of the turbine and subsequent power generation.
6. Economizer: The economizer is another heat exchanger that preheats the feedwater using the residual heat in the flue gases before they are expelled through the chimney. This helps to improve the overall efficiency of the power plant by utilizing waste heat.
7. Air Preheater: The air preheater is a heat exchanger that preheats the combustion air by utilizing the heat from the flue gases. This increases the temperature of the air entering the furnace, improving combustion efficiency and reducing fuel consumption.
8. Boiler Drum: The boiler drum acts as a reservoir for the water-steam mixture and provides separation between steam and water. It allows for the accumulation of steam, which is then extracted for further processing and power generation.
9. Pressure and Temperature Controls: The boiler is equipped with various instruments and controls to maintain proper pressure and temperature levels. These include safety valves, pressure gauges, temperature sensors, and control systems to ensure safe and efficient operation.
10. Ash and Slag Removal System: During combustion, the fuel produces ash and slag, which need to be removed from the boiler. Depending on the design, boilers employ systems such as ash hoppers, ash conveyors, and soot blowers to collect and remove the by-products of combustion.
Boilers in thermal power stations come in various designs and configurations, but they all share the common goal of efficiently converting fuel into heat energy to generate steam for electricity production.

water turbine
A water turbine, also known as a hydraulic turbine, is a device that converts the energy of flowing or falling water into mechanical energy, which is then used to generate electricity. Water turbines are commonly used in hydroelectric power plants and are an environmentally friendly source of renewable energy. Here are the key features and types of water turbines:
1. Impulse Turbines: Impulse turbines are designed to extract energy from the kinetic energy of the water. They consist of one or more jets of high-pressure water directed onto the turbine blades, causing the turbine to rotate. Impulse turbines are typically used in high head (waterfall) installations where there is a significant drop in water elevation.
· Pelton Turbine: The Pelton turbine is the most common type of impulse turbine. It has a set of spoon-shaped buckets or cups mounted around the circumference of a wheel. The high-velocity water jet strikes the buckets, causing the wheel to rotate.
2. Reaction Turbines: Reaction turbines extract energy from both the pressure and kinetic energy of the water. They are submerged in water and operate with the water flowing through them, causing a pressure difference across the turbine blades. Reaction turbines are suitable for low to medium head installations.
· Francis Turbine: The Francis turbine is the most widely used reaction turbine. It has a set of curved blades that guide the water as it flows over them. The water enters the turbine under pressure and changes direction, causing the turbine to rotate.
· Kaplan Turbine: The Kaplan turbine is a type of reaction turbine designed specifically for low head installations with a high flow rate. It has adjustable blades that can be pitched to optimize performance based on the flow rate and head conditions.
· Propeller Turbine: The propeller turbine, also known as a fixed-blade or tubular turbine, is used in low head, high flow rate applications. It has fixed-pitch blades similar to those of a ship's propeller and operates efficiently with large volumes of water.
· Bulb Turbine: The bulb turbine is a compact reaction turbine that is submerged in water and integrated into a bulb-shaped structure. It is commonly used in low head installations and is suitable for rivers or tidal applications.
These are some of the main types of water turbines used in hydroelectric power generation. The choice of turbine depends on factors such as the available head (vertical drop), flow rate, and site-specific conditions. Water turbines play a significant role in harnessing the renewable energy potential of water resources for sustainable electricity production.

steam trubine
A steam turbine is a device that converts the thermal energy of pressurized steam into mechanical energy, which is then used to generate electricity. Steam turbines are widely used in power plants, particularly in thermal power stations fueled by coal, oil, or natural gas. Here are the key features and components of a steam turbine:
1. Rotor: The rotor is the central rotating element of the steam turbine. It consists of multiple stages or rows of blades mounted on a shaft. The high-pressure steam passes through these blades, imparting a force that causes the rotor to rotate.
2. Nozzles or Fixed Blades: The nozzles, also known as fixed blades or stationary blades, are positioned in the steam path before the rotor blades. They direct the flow of high-pressure steam onto the rotor blades, converting the pressure energy into kinetic energy.
3. Rotor Blades: The rotor blades, also called moving blades, are mounted on the rotor and rotate with it. They are designed to efficiently extract the kinetic energy from the steam as it passes over them, causing the rotor to spin.
4. Casing or Cylinder: The casing or cylinder surrounds the rotor and contains the steam flow. It helps maintain the pressure difference across the turbine stages and directs the steam to the next set of blades. The casing is designed to minimize steam leakage and ensure efficient utilization of energy.
5. Governor: The governor is a control mechanism that regulates the speed and power output of the steam turbine. It monitors the rotational speed and adjusts the steam flow or the position of control valves to maintain the desired speed and respond to changes in power demand.
6. Steam Inlet and Exhaust: The steam enters the turbine through an inlet nozzle or steam admission port and flows over the blades, imparting energy to the rotor. After passing through the blades, the steam exits the turbine through an exhaust or condensing section.
7. Condenser: In certain steam turbine systems, a condenser is employed to convert the exhaust steam back into water. The condenser creates a vacuum by cooling and condensing the steam, increasing the pressure difference across the turbine and enhancing its efficiency.
8. Lubrication System: Steam turbines require lubrication to reduce friction and wear between moving parts. The lubrication system supplies oil to critical components, such as bearings, to ensure smooth operation and prevent damage.
9. Instrumentation and Control System: Steam turbines are equipped with various instruments, sensors, and control systems to monitor and control parameters such as temperature, pressure, speed, and vibration. These systems ensure safe and efficient turbine operation and protect against potential failures.
10. Extraction and Bleeding Systems: In some power plants, steam turbines are equipped with extraction points or bleed-off valves that allow steam to be extracted at intermediate stages for various purposes, such as heating or process requirements. These systems provide additional flexibility and efficiency in power plant operation.
Steam turbines are an essential component of thermal power stations, where they play a vital role in converting thermal energy from the steam produced by boilers into mechanical energy for power generation.

types of steam turbine
There are several types of steam turbines, each designed to suit specific applications and operating conditions. The main types of steam turbines include:
1. Impulse Turbine: Impulse turbines are characterized by the steam flow being directed through a series of nozzles or fixed blades, called nozzles or guide vanes. The high-velocity jets of steam strike the rotor blades, which are shaped to efficiently capture the kinetic energy of the steam. Impulse turbines are commonly used in high-pressure, low-flow applications.
2. Reaction Turbine: Reaction turbines are designed to extract energy from both the pressure and kinetic energy of the steam. The steam flows through a series of stationary blades (nozzles or guide vanes) and rotating blades on the rotor. As the steam expands and changes direction, it imparts energy to the rotor blades. Reaction turbines are often used in medium- to low-pressure, high-flow applications.
a. Curtis Turbine: Curtis turbines are a type of reaction turbine with multiple stages of reaction blades. The steam expands across each stage, gradually lowering its pressure and temperature as it flows through the turbine.
b. Rateau Turbine: Rateau turbines are multistage reaction turbines with a series of nozzles and rotors. Each stage typically has multiple rows of stationary and moving blades, enabling efficient energy extraction from the steam.
c. Ljungström Turbine: Ljungström turbines, also known as double-flow or counterflow turbines, have two sets of blades that rotate in opposite directions. This design allows the steam to flow in a counterflow pattern, increasing energy extraction and improving turbine efficiency.
3. Condensing Turbine: Condensing turbines are designed to operate with a condenser that converts the exhaust steam back into water. The low-pressure steam from the turbine is condensed by cooling and creates a vacuum, increasing the pressure difference across the turbine. Condensing turbines are widely used in power plants where the exhaust steam is condensed to maximize efficiency.
4. Non-Condensing Turbine: Non-condensing turbines, also known as back-pressure turbines, operate without a condenser. The exhaust steam is released at a higher pressure and used for various industrial processes, such as heating or drying applications.
5. Extraction/Condensing Turbine: Extraction/condensing turbines are a combination of condensing and non-condensing turbines. These turbines have extraction points or bleed-off valves at intermediate stages, allowing steam to be extracted for specific industrial processes while the remaining steam is condensed.
6. Reheat Turbine: Reheat turbines are used in power plants with a steam reheat system. After the high-pressure steam expands through the initial turbine stages, it is reheated and sent back to the turbine for further expansion in subsequent stages. Reheat turbines enhance overall plant efficiency.
These are some of the main types of steam turbines commonly used in various applications. The selection of the turbine type depends on factors such as operating conditions, pressure, flow rate, and power plant requirements.
classification of thermal power station
Thermal power stations, also known as thermal power plants or fossil fuel power plants, can be classified based on various criteria. Here are the commonly used classifications of thermal power stations:
1. Based on Fuel Type:
 a. Coal-Fired Power Plants: These power stations primarily use coal as the fuel source for generating heat and steam. 
b. Oil-Fired Power Plants: Power stations that burn oil, such as heavy fuel oil or diesel, as the primary fuel source. 
c. Gas-Fired Power Plants: Power stations that utilize natural gas or other gaseous fuels, such as liquefied petroleum gas (LPG), as the primary fuel source.
2. Based on the Generation Cycle: 
a. Rankine Cycle Power Plants: These power stations operate on the Rankine cycle, which involves the conversion of heat energy into mechanical energy using a steam turbine. 
b. Combined Cycle Power Plants: These power stations combine a gas turbine and a steam turbine in a combined cycle configuration to achieve higher overall efficiency.
3. Based on the Operating Pressure
a. Subcritical Power Plants: Power stations that operate below the critical pressure of water (about 221 bar or 3,200 psi).
 b. Supercritical Power Plants: Power stations that operate at a pressure and temperature above the critical point of water, resulting in higher thermal efficiency.
c. Ultra-Supercritical Power Plants: These power stations operate at even higher pressures and temperatures than supercritical plants, achieving further improvements in thermal efficiency.
4. Based on the Generation Capacity: 
5. a. Small-scale Power Plants: Power stations with a lower generation capacity typically used to cater to localized electricity demand.
 b. Medium-scale Power Plants: Power stations with a moderate generation capacity suitable for supplying power to regional or industrial areas. 
c. Large-scale Power Plants: Power stations with a high generation capacity intended to supply electricity to a wide area or a significant population.
6. Based on the Cogeneration of Heat and Power: 
a. Cogeneration Power Plants: Power stations that simultaneously produce electricity and useful heat energy for other industrial or residential purposes, such as district heating or industrial processes.
types of steam turbines
Steam turbines can be classified into several types based on their design, operation, and application. The main types of steam turbines are:
1. Impulse Turbine:
· Pelton Turbine: Used in high-head, low-flow applications, such as hydroelectric power plants, where high-velocity jets of water strike the turbine blades.
2. Reaction Turbine:
· Curtis Turbine: A multistage reaction turbine with multiple rows of moving and fixed blades that expand the steam gradually across each stage.
· Rateau Turbine: A multistage reaction turbine with alternating rows of moving and fixed blades that efficiently extract energy from the expanding steam.
· Ljungström Turbine: Also known as a double-flow or counterflow turbine, it uses two sets of blades rotating in opposite directions, enhancing energy extraction.
3. Extraction Condensing Turbine:
· Extraction Steam Turbine: This type of turbine has multiple extraction points to utilize steam at different pressures for various industrial processes.
· Condensing Steam Turbine: A turbine designed to operate with a condenser to convert the exhaust steam back into water, creating a vacuum and improving efficiency.
4. Back-Pressure Turbine:
· Non-Condensing Steam Turbine: This type of turbine operates without a condenser, and the exhaust steam is released at a higher pressure for industrial processes.
5. Reheat Turbine:
· Reheat Steam Turbine: A turbine used in power plants with a steam reheat system. After initial expansion, the steam is reheated and sent back for further expansion in subsequent stages, enhancing efficiency.
6. Steam Injected Gas Turbine (STIG):
· STIG: A combined-cycle system where the waste heat from a gas turbine is used to generate steam, which then drives a steam turbine, improving overall efficiency.
7. Geared Steam Turbine:
· Geared Steam Turbine: These turbines use a gearbox to connect the high-speed rotor to the generator, allowing for optimal generator speed and power output.
8. Single-Stage or Multi-Stage Turbine:
· Single-Stage Steam Turbine: A turbine with a single set of moving blades and fixed blades, suitable for smaller-scale applications.
· Multi-Stage Steam Turbine: A turbine with multiple sets of moving blades and fixed blades, used for larger-scale power generation applications.
These are the main types of steam turbines used in various industrial, power generation, and energy applications. The choice of turbine type depends on factors such as operating conditions, power plant requirements, steam parameters, and efficiency considerations.
Types of electric generators
Electric generators, also known as alternators, come in various types depending on their design, application, and principle of operation. The main types of electric generators include:
1. AC Generators:
· Synchronous Generators: These generators produce alternating current (AC) electricity at a constant frequency. They operate in synchronization with the grid and are commonly used in power plants and large-scale electricity generation.
· Induction Generators: Induction generators also produce AC electricity but are designed to operate as self-excited machines. They are commonly used in wind turbines and small-scale hydroelectric systems.
2. DC Generators:
· Separately Excited DC Generators: These generators have a separate field winding that is supplied with DC current from an external source. They are used in various applications, including battery charging and small-scale power generation.
· Self-Excited DC Generators: Self-excited DC generators have a field winding that is energized by the generator's own output. They can be further classified into:
· Series-Wound Generators: The field winding is connected in series with the armature winding, making them suitable for high starting torque applications such as electric traction systems.
· Shunt-Wound Generators: The field winding is connected in parallel with the armature winding, providing a constant voltage output. They are commonly used in industrial and residential applications.
· Compound-Wound Generators: These generators combine both series and shunt winding connections, providing a combination of good voltage regulation and high starting torque. They are used in applications requiring both characteristics.
3. Permanent Magnet Generators (PMGs):
· PMGs utilize permanent magnets in the rotor to generate a magnetic field. They are often used in small-scale applications, such as portable generators and renewable energy systems.
4. Brushless Generators:
· Brushless generators utilize electronic components, such as diodes and solid-state switches, to regulate the generated voltage without the need for brushes and commutators. They offer improved reliability, reduced maintenance, and are commonly used in automotive, aerospace, and high-power applications.
5. High-Frequency Generators:
· High-frequency generators produce electricity at frequencies higher than the standard 50 or 60 Hz, typically in the radio frequency range. They are used in specialized applications such as radio transmission, induction heating, and medical equipment.
These are the main types of electric generators commonly used in various industrial, commercial, and residential applications. The choice of generator type depends on factors such as power requirements, frequency, voltage, efficiency, and specific application needs.
List of Hydroelectric Power Plants of India
The major hydroelectric power plants in India are as follows:
	Hydroelectric Power Plants in India 

	Sr
	Hydroelectric Power Plant
	River
	State
	Year of Commission
	Capacity

	1.
	Nagarjuna Sagar Dam
	Krishna
	Andhra Pradesh
	1967
	816MW

	2.
	Srisailam Right Bank Power Station Project
	Krishna
	Andhra Pradesh
	1982
	770MW

	3.
	Shivanasamudra Hydro Power Project
	Kaveri
	Andhra Pradesh
	1902
	42MW

	4.
	Karbi Langpi Hydro Electric Project (KLHEP)
	Borpani River
	Assam
	2007
	100MW

	5.
	Kopili Hydro Electric Project
	Kopili River
	Assam
	1984
	275MW

	6.
	Kameng Hydro Power Station
	Bichom and Tenga Rivers
	Arunachal Pradesh
	2020-21
	600MW

	7.
	Ranganadi Hydro Power Station
	Ranganadi River
	Arunachal Pradesh
	2002
	405MW

	8.
	Subansiri Lower Hydroelectric Project
	Subansiri
	Arunachal Pradesh
	Under Construction
	2000MW (Planned)

	9.
	Dagmara Hydro-Electric Project
	Kosi River
	Bihar
	Under Construction
	130MW (Planned)

	10.
	Hasdeo Bango Dam
	Hasdeo River
	Chhattisgarh
	1961-62
	120MW

	11.
	Sardar Sarovar Project
	Narmada River
	Gujarat
	2017
	River Bed Power House (RBPH) – 1200 MW
Canal Head Power House (CHPH) – 250MW

	12.
	Bhakra Hydroelectric Project
	Satluj
	Himachal Pradesh
	Bhakra Left Bank Power House – 1961
Bhakra Right Bank Power House – 1968
	1325MW

	12.
	Pong Hydroelectric Project
	Beas River
	Himachal Pradesh
	1978
	396MW

	13.
	Dehar Hydroelectric Project
	Beas River
	Himachal Pradesh
	1977
	990MW

	14.
	Nathpa Jhakri Hydro Electric Project
	Satluj River
	Himachal Pradesh
	2004
	1500MW

	15.
	Karcham Wangtoo Hydroelectric Plant
	Sutluj River
	Himachal Pradesh
	2011
	1091MW

	16.
	Koldam Hydroelectric Plant
	Satluj River
	Himachal Pradesh
	2015
	800MW

	17.
	Baglihar Stage- I Hydroelectric Project
	Chenab River
	Jammu & Kashmir
	2008
	450MW

	18.
	Salal Hydro Electric Power plant
	Chenab River
	Jammu & Kashmir
	1987
	720MW

	19.
	URI-I Uri power station
	Jhelum River
	Jammu & Kashmir
	1997
	480MW

	20.
	The Pakal Dul Hydro Electric Project
	Marusudar
	Jammu & Kashmir
	Under Construction
	1000MW

	21.
	Subarnarekha Hydel Power Project
	Subarnarekha River
	Jharkhand
	1977
	130MW

	22.
	Almatti Hydroelectric Project
	Krishna River
	Karnataka
	2005
	290MW

	23.
	Sharavathi Hydro Power Plant
	Sharavathi River
	Karnataka
	1964
	1035MW

	24.
	Pallivasal Hydroelectric Project
	Periyar River
	Kerala
	1940
	37.5MW

	25.
	Idukki Hydro Electric Project
	Periyar River
	Kerala
	1976
	780MW

	26.
	Indira Sagar Hydroelectric Project
	Narmada River
	Madhya Pradesh
	2004
	1000MW

	27.
	Bansagar Hydroelectric Project
	Sone River
	Madhya Pradesh
	1991
	435MW

	28.
	Koyna (Pophali) Hydroelectric Project
	Kyona River
	Maharashtra
	1967
	1960MW

	29.
	Dikhu Hydro Electric Project
	River Dikhu and River Yangnyu
	Nagaland
	Under Construction
	186MW

	30.
	Hirakud Hydro Electric Project
	Mahanadi
	Odisha
	1957
	276MW

	31.
	Balimela Hydro Electric Project
	Sileru River
	Odisha
	1975
	510MW

	32.
	Anandpur Sahib Hydroelectric Project
	Satluj River
	Punjab
	1985
	134MW

	33.
	Ranjit Sagar Dam Hydroelectric Project
	Ravi River
	Punjab
	2000
	600MW

	34.
	Teesta-VI hydroelectric power project
	Teesta River
	Sikkim
	Under Construction
	500MW

	35.
	Kundah Hydroelectric Project
	Bhavani river
	Tamil Nadu
	1960
	585MW

	36.
	Kadamparai Hydroelectric Project
	Kadampari River
	Tamil Nadu
	1987
	400MW

	37.
	Srisailam Left Bank Hydroelectric Project
	Krishna River
	Telangana
	2001
	900MW

	38.
	Rihand Hydroelectric Project
	Rihand River
	Uttar Pradesh
	1955
	300MW

	39.
	Tehri Hydroelectric Project
	Bhagirathi River
	Uttarakhand
	2006
	2400MW

	40.
	Kishau Dam Hydropower Project
	Tons River
	Uttarakhand
	Under Construction
	660MW

	41.
	Kotli Bhel Dam
	Ganga
	Uttarakhand
	Under Construction
	1000MW


Read the linked article for the UPSC Exam to learn more about the One Nation One Grid One Frequency by
The chief advantages of the thermal power plant are −
· The fuel (i.e., coal) used is quite cheap.
· The initial cost of a thermal power station is less than that of other generating stations.
· The thermal power plants require less space as compared to the other hydroelectric power plant.
· The cost of power generation for the thermal power station less than that of the diesel power plant.
· The thermal power plants can be installed at any place irrespective of the availability of the coal, because the coal can be transported to the site of the power plant.
· Disadvantages
· 
· The thermal power plants pollute the atmosphere due to the production of large amount of smoke and fumes.
· The running cost of the thermal power plant is higher than that of the hydroelectric power plant.
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