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HYDROELECTRIC POWER
PLANTS
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➢ Hydro electric power is the power obtained from the energy of falling water

➢ Hydro electric power plant is the power plant utilizing the PE of water at a high level for
generation of Electrical energy.

eventual precipitation on land.
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➢ Solar energy in the form of heat is absorbed by oceans, rivers resulting in formation of clouds
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➢ Most of this energy is not harnessed dissipates itself into heat before reaching ocean.
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➢ If harnessed this can be converted into K.E & this K.E is converted to M.E by allowing the

water to flow through the turbine.
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shaft.
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➢ This mechanical energy is utilized to run anVtusolution.in
electric generator which is coupled to the turbine

P = w Q H դ x 9.81 x 𝟏𝟎 ∧ −𝟑 Kw
▪ W = Specific weight of water in kg/m^𝟑

▪ Q = Rate of flow of water in m^𝟑/s

ol

▪ H = Height of head in meters

us

▪ դ = Efficiency

vt

➢ In power stations water head is created by constructing a dam across a river or lake.
➢ The pressure head of water or Kinetic energy of water is utilized to drive the turbines coupled
to alternators for generation of power.
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✓ In order to meet the demand of electric power for industrial, agricultural, commercial &
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domestic purposes. A water power site is usually developed to supply electric power.

✓ Hydro electric power plants is usually located in hilly areas where the dam can be build easily
& large reservoirs can be obtained.

✓ Most of the High head power sites naturally lie in hilly areas.
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✓ Medium & Low head site developments, usually occupy the steep plateaus & the plains.
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 HYDROLOGY
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❖ Hydrology deals with the occurrence & distribution of water over & under the earth
surface.
Vtusolution.in

❖ Precipitation
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✓ The total condensation of moisture that reach the earth in any form i.e Rains, Ice, Hails, Dew &
Frost.

✓ Dew & Frost result from cooling of moist air by direct contact with cold surfaces.
✓ The cause of precipitation other than dew & frost is adiabatic expansion of air.

ol

❖ Evaporation

us

❖ It is the process by which water from solid or liquid state is converted into vapour form.
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❖ Evaporation includes total rainfall that is returned to atmosphere from land & water surfaces.
❖ Evaporation by transpiration.
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❖ Run off
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✓ Part of precipitation which is available as stream flow.
✓ Run off = Total precipitation – Total evaporation

✓ Part of precipitation is absorbed by soil & percolated into the ground & will reach the
catchment area through the underground channels.

ol

✓ Total run off = Direct run off through land surface + Run off through seepage.
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of catchment area.
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✓ Factors affecting run off are rainfall intensity, amount & duration, Nature of soil, Size & shape

✓ The unit of run off are m^3/s or day-second metre
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❖ Hydrograph
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✓ It is the plot between discharges versus time of the flow.
✓ This is used to evaluate peak discharge from a location.

✓ Hydrograph indicates the available power from the stream at different times of the day or year.
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✓ It provides average, maximum & minimum run off during the period.
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❖ Flow duration curve
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❖ Flow duration curve is the plot of discharge versus percentage of time for which the discharge

❖ Discharge can be in cubic meters per second, week or unit of time.

❖ If head at which the flow is available is known the discharge can be calculated in terms of
Kilowatt power
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դ = Efficiency

us

Q = Discharge in m^3/Sec
ῤ = Density of water

QῤhդkW
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P=

𝟎.𝟕𝟑𝟔
𝟕𝟓

h = Available head in meters
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✓ The flow duration curve becomes the load duration curve for hydroelectric plant & thus
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possible to know the total power available at the site.

✓ The maximum and minimum conditions of flow can also be obtained in load duration curve.
✓ Minimum conditions flow decides the maximum capacity of the plant that can be improved by
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increasing the storage capacity.
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❖ Mass Curve
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✓ It is the cumulative volume of water that can be stored from a stream flow versus time in days,
weeks or months.

✓ It indicates the total volume of run off in m^3 up to a certain time.

✓ The unit used for storage is either cubic metre or day second metre.
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same mass curve.
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✓ The capacity of plant is based on the storage capacity which can be modified by storage for
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✓ The water stored in dams is pondage & water stored in upstream reservoirs is storage.
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 Hydrological Cycle
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 Merits & Demerits of Hydroelectric
Power Plants
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❖ Merits

➢ No fuel is required here, as water is source of energy. Hence operating costs are low and no
problems in handling and storage of fuels.

➢ Plant is highly reliable & is cheapest in operation & maintenance.

ol

➢ The plant can run & synchronised in few minutes.

us

➢ This plants are robust & have got longer life.
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➢ The efficiency of these plants does not fall with the age.

➢ Plant will be neat & clean because no ash or smoke is produced.
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experienced persons will be required.
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➢ Highly skilled people are needed only at the time of construction but later on only few

➢ Hydro stations are able to respond to rapidly changing loads without loss of efficiency.
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➢ Cost of land is not a problem, as the hydro stations are situated away from the developed areas.
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➢ These plants are used for flood control & irrigation purpose.
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❖ DEMERITS
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➢ It requires large area.

➢ Its construction cost is enormously high & takes long time for erection.
➢ Long transmission lines are required as plants will be located in hilly areas which are away
from load centre.

ol

➢ Power generation by the hydro-plant is only dependent on the quality of water available, which

us

in turn depends on rain. During the dry year, the power production may be curtailed or even

vt

discontinued. This availability of power from such plants is not much reliable.
➢ The firm capacity of hydro electric is low & so backup by steam plant is essential.
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 SELECTION OF SITE FOR HYDRO
ELECTRIC PLANT
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➢ Availability of Water

• Water energy can be available in form of P.E or K.E

• Stations should be built where adequate water is available.

• Normally water is collected in reservoirs during the rain & used for production throughout the

ol

year.

When K.E is low it is preferable to have the reservoirs to collect the water for use of
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•
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➢ Water storage

electricity production
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• Due to variation in rainfall it is necessary to store the water in reservoirs.
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➢ Water Head
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• The storage capacity is calculated by mass curve.

➢ Availability of head depends upon the topography of area.

➢ High head means high PE.
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➢ An effective head reduces the quantity of water to be stored & handled by penstocks, screens &
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turbines therefore capital cost of plant is reduced.
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➢ Accessibility of Site

Vtusolution.in

ut
io
n.
in

➢ The site should be easily accessed by rail or road for transporting the plant equipment's

➢ Water pollution

➢ Polluted water may cause excessive corrosion & damage to metallic structures, hence good
quality water is essential.
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➢ Availability of Land

us

➢ The land should be cheap in cost & rocky in order to withstand weight of large structure.
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➢ Large Catchment area

➢ The reservoir should have large catchment area , so that level of water in reservoir will not fall
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➢ Distance from load centre
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below the minimum required in dry season.
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➢ The generating stations is located far away from load centre.
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➢ Hence for economical transmission of power, the routes & distances need active consideration
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 General Arrangement of Hydel Power
Plant
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 Elements of the Hydro electric Power
Plant
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❖ Reservoir

➢ The function or purpose of reservoir is to store the water during rainy season and supply the
same during dry season. This is in simple, water storage area.

❖ Dam

us

increases the reservoir capacity.

ol

❖ The function of dam is to increase the height of the water level behind it which ultimately

vt

❖ The dam also helps in increasing the working head of the power plant.

❖ Dams are generally built to provide necessary head to the power plant
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❖ Trash Rack
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➢ The water intake from the dam or from the forebay are provided with trash rack.
➢ The main function of trash rack is to prevent the entry of any debris which may damage the
turbine runners

➢ During winter season when water forms ice, to prevent the ice from clinging to the trash racks,
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they are often heated electrically
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❖ Forebay
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❖ The function of forebay is to act as regulating reservoir temporarily storing water when the
load on the plant is reduced and to provide water for initial increment of an increasing load
while water in the canal is being accelerated.

❖ Forebay may be considered as an enlarged body of water just above the intake to storage water
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temporarily to meet hourly load fluctuations
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❖ Penstock
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➢ A penstock is a huge steel pipe which carries water from the reservoir to the turbine.

➢ Potential energy of the water is converted into kinetic energy as it flows down through the
penstock due to gravity.

ol

❖Control Gate

us

➢ Water from the reservoir is allowed to flow through the penstock to the turbine.

gate.
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➢ The amount of water which is to be released in the penstock can be controlled by a control
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❖ Surge Tank
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➢ Surge tanks are usually provided in high or medium head power plants when considerably long
penstock is required.

➢ A surge tank is a located near the beginning of penstock

➢ The water level in the surge tank rises or falls to reduce the pressure swings in the penstock

ol

➢ A tank connected to a pipe carrying a liquid and intended to neutralize sudden changes of
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pressure in the flow by filling when the pressure increases and emptying when it drops.
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❖ Prime mover or Hydro Turbine
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Water from the penstock is taken into the water turbine.

The turbine is mechanically coupled to an electric generator.

Kinetic energy of the water drives the turbine and consequently the generator gets driven.
There are two main types of water turbine

ol

Impulse turbine and Reaction turbine.

us

(i) Impulse turbines are used for large heads

vt

(ii)Reaction turbines are used for low and medium heads.
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❖ Spillway
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➢ The function of spillway is to provide safety of the dam.

➢ Spillway should have the capacity to discharge major floods without damage to the dam and at
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the same time keeps the reservoir levels below some predetermined maximum
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❖ Generator
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❖ A generator is mounted in the power house and it is mechanically coupled to the
turbine shaft.

❖ When the turbine blades are rotated, it drives the generator and electricity is generated
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which is then stepped up with the help of a transfomer for the transmission purpose.
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❖ Tail Race
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➢ Water is discharged into the tail race after passing through, the turbine which carriers it into
the river.

➢ The discharge from all the turbines is collected in the tailrace at its beginning by means of
branch channels
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➢ The tailrace may discharge into original river.
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❖ Draft Tube
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❖ The draft tube is a part of the reaction turbine.

❖ An air tight pipe of suitable diameter attached to the runner outlet and conducting water down

vt

us

ol

from the wheel & discharging it under the surface of water in tail race.
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 Classification of Hydro Electric
Power Plants

 Availability of water head
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 Type of load they supply

ut
io
n.
in

 Extent of water flow regulation available
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❖ Classification according to the Extent
of water flow regulation available
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❖ Run off river power plants without pondage

➢ Water is not stored here, it uses the water as it comes
➢ There is no control on flow of water

➢ Generating capacity depends primarily on rate of flow of water

ol

➢ During rainy season some of the water is wasted without using for generation of power
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➢ During low run off period due to low flow rates, the generating capacity of plant is low
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❖ Run off river power plants with pondage
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➢ Usefulness of run off river is increased by pondage

➢ Pondage permits the storage of water in off peak periods & use of this water in peak periods
➢ This plants can be used in parts of load curve requirements, within certain limitations

➢ During high flow periods these plants may be used as base load & during lean flow periods
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these plants may be used to supply peak loads only.
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❖ Reservoir Power Plant
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➢ Water is stored in big reservoir behind the dam

➢ It is possible to control the flow of water & use it more effectively
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➢ This can be used as a base load or peak load as per the requirement
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❖ Low Head
❖ Medium Head
❖ High Head

 Low Head Hydro Electric Plants
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❖ Classification according to availability
of Water Head
Vtusolution.in
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➢ The operating head of this plant is less than 30 meters

us

➢ Only small quantities of power can be generated, & hence such plants find use only to

vt

cater to occasional peak loads
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➢ They do not need to retain water to create hydraulic head because it is only few meters
Vtusolution.in
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➢ In low head francis, propeller or Kaplan turbines are employed.
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 Medium Head Hydro Electric PlantsVtusolution.in
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➢ Operating head is less than 300 meters, but more than 30 meters
➢ The reservoir is formed by the construction of dam.

➢ The power channel is usually an open canal which conveys the water from reservoir to a fore
bay situated at the commencement of pipeline.

ol

➢ Forebay itself serves as the surge tank.
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➢ Francis turbines are normally used in such power plants
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 High Head Hydro Electric Plants
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➢ Operating head available is more than 300 meters

➢ There is an elaborate arrangement of dam, head, penstock, surge tank etc..
➢ The reservoir is at an elevated place & the power house is situated down below

ol

➢ Penstock is used to carry the water from reservoir to valve house.
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➢ Surge tank is used to release the pressure
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Type of the Load Supply

Peak load
Pumped Storage Plant

❖ Base Load
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Base load

Vtusolution.in
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❖ The plants which uses base portion of the load curve of power system.

us

❖ A base load station supplies the entire base load which is practically same as the primary or

vt

firm power which the plant is called upon to generate.

❖ Run off river plants without pondage & reservoir plants are used as base load plants.
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 Peak Load
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of the load curve are called peak load.
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➢ Plants used to supply the peak load of the system corresponding to the load at the top portion

➢ Peak loads i.e the loads which are in excess of the base load are supplied by peak load
stations.

ol

➢ Peak load plants have large seasonal storage
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➢ They store water in off peak periods & are operated during peak load periods.
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 Pumped Storage Plant
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➢ This plants find use where large storage facility cannot be provided or volume of water is

➢ Here the tail race water is pumped back into small storage reservoir.
➢ A small pond is created at the tail race

ol

➢ Water from leaving from turbine is collected in this pond
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➢ By means of pump it is pumped back to reservoir
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 Water Turbines
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▪ Pelton wheel
▪ Francis Turbines
▪ Kaplan Turbines
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▪ Propeller Turbines
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 Pelton Wheel
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➢ It consists of a rotor equipped with elliptical shaped buckets along the periphery of the turbine
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➢ The water impinges on the turbines which causes the motion of rotor

➢ The quantity of water discharged is controlled by controlling the nozzle opening by means of
needle placed in nozzle tip

➢ The movement of needle is controlled by governer

ol

➢ When the load on turbine reduces the governer pushes the needle into nozzle, thereby reduces

us

the quantity of water striking buckets
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➢ Majority are horizontal shaft type, this has two nozzles
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➢ The rotor of runner is cast steel, Bronze or Stainless steel
➢ The buckets are bolted on to the runner but integral casting of buckets with runner is
also possible
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➢ This turbine is not suitable for water heads below 200 meters
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❖ Francis Turbine
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➢ The water enters the turbine through the outer periphery of the runner in the radial direction
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and leaves the runner in the axial direction, and hence it is called ‘mixed flow turbine’

➢ They develop power partly due to velocity of water & due to the difference in pressure acting
on front & back of runner buckets.

➢ In these turbines water guides over the blades with small velocity & exerts pressure

us

runner

ol

➢ The water flow radically inwards & changes to downward reaction while passing through
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➢ As water is passes over the rotating blades of runner both pressure & velocity of water is

reduced causing reaction force driving turbine
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➢ Water is discharged through tail race through a closed tube of increasing cross section called
Vtusolution.in
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draft tube.

➢ The guide blades are each pivoted about an axis in parallel with the turbine axis so that the
quantity of water entering the turbine may be regulated by turning them simultaneously.

➢ A Francis turbine is suitable for medium heads (45 to 400 m) and requires a relatively large
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quantity of water.
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 Kaplan Turbine
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➢ This is reaction turbine & has gate governing mechanism similar to that of francis turbine.
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➢ The water flow strikes the blades axially and receives water radially.

➢ This water flow radially inwards through regulating gates all rounds the sides, changing
direction in the runner to axial flow & causing reaction force which drives turbine.

➢ They are Vertical shape shaft.
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➢ This has highest specific speed, is suitable for low head & large flow plants
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➢ The runner blades are less in Kaplan turbines (3 to 6)
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➢ A Kaplan turbine with adjustable runner blades and adjustable guide vanes is double regulated

while one with only adjustable runner blades
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 Propellar Turbine
➢ Axial flow reaction type turbine
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➢ There has got no provision for changing the runner blade angle while turbine is in
motion.

➢ In such a turbine, the blades are cast integrally with the hub.

ol

➢ Though its construction is simple & easy but its efficiency falls sharply at reduced loads,
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therefore such a turbine is kept fully loaded for efficient operation.
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 Characteristics of Water Turbine
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 Head :
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➢ Reaction turbine of various turbines can be used for operating heads upto 500m and pelton
turbines are used for operating heads above 500 m.
 Turbine setting :

ol

➢ A pelton turbine is always set usually 2 m above the tail race level.
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➢ Francis turbine is placed at a level very near or below tail race level.
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 Specific speed :
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one metre.
➢ The specific speed of turbine is given by

➢

Ns = Specific rotational speed in metric units

➢

N = Rotational speed of Turbine

➢

Pt = Output in metric hp

➢

H = Effective head in metres
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➢

𝑁 ⎷ 𝑃𝑡
Ns =
𝐻⌃1.25
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➢ Speed of a geometrically similar turbine that would develop one metric horse power under a head of
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 Runaway speed :
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➢ This is the maximum speed at which a turbine wheel would run with all gates open so as to
allow all possible inflow under maximum head.

turbine.

 Constant Speed Curves :

ol

➢ The generator coupled to the turbine must be capable of withstanding full run away speed of

us

➢ In hydroelectric power plants, the turbines operate at constant speed & therefore, variables are
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operating head & discharge.

➢ The discharge & head vary so as to keep the speed constant, the turbine output is measured by
brake arrangement.
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 Governing of Water Turbines
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alternator driven by the turbine.
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➢ To have electrical output of constant frequency it is necessary to maintain the speed of the

➢ This is controlled by the flow of water entering the turbine by the automatic adjustment of
guide vanes in reaction turbine & nozzle needle in the case of impulse turbines.

ol

➢ At the time of decrease in load on the impulse turbines, the governor reduces the water from

us

the power nozzle & surplus water is diverted with the help of auxiliary relief nozzle.
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➢ In case of reaction turbines, there are pressure regulators for discharging the water from the
casing to the tail race, at the time of drop in load.
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➢ The speed responsive element usually fly ball mechanism or centrifugal governor.
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➢ Control valve to supply fluid under pressure to the servomotor in order to actuate the turbine

control mechanism.

➢ The use of control valve & servomotor is to amplify the small force created by the fly balls.

➢ The restoring mechanism to hold the servomotor in fixed position when turbine output & load

ol

demand are equalised.
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➢ Fluid pressure supply required for action of servomotor
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➢ Centrifugal governor may be belt driven or by small electric motor
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 Selection of Water Turbine
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speed, output & nature of load.
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➢ Selection of water turbine depends on various factor such as working head, available discharge,

➢ The effective head under which the turbine is to operate gives the first guide to selection of
turbine.

➢ For high head i.e 500 m Pelton turbine is employed

➢ For 30 m above & 500 m below Francis turbine is employed.

ol

➢ For low head below 70 m, propeller turbine is used.
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➢ In some cases for 200 m both Pelton & Francis turbine can be used.
➢ A runner of higher specific speed will generate more power for same head resulting in small
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size of turbo alternator & power house.
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 Underground Hydro Power Plant
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placed in an underground chamber.
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➢ An underground hydro power plant is one in which whole of the generating equipment is

➢ They have the advantages of better rocking bearing properties, lower maintenance cost, smaller
surge tanks, minimum problem of land acquisition, easier design of tail race, tunnel, lower

ol

initial cost in some cases, no risk of forest fire hazard.
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➢ However they have the disadvantages like increased cost of construction of power house &
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accessories, excessive cost of lightening, special ventilation & air conditioning, additional cost
of underground location of transformers & switchgears & additional surge chambers.
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They are two types of layout for undergroundVtusolution.in
power plants
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Head development : The plant is situated near the intake & has long tail race tunnel.
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Tail development :The plant is located at the end of a long pressure tunnel & has a short tail race
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 Small Hydro electric Power Plants
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fall under this category.
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➢ Mini hydro plants of capacity around 1-5MW & micro hydro plants of capacity less than 1 MW

➢ These are becoming more popular due to raising fuel cost of thermal plants & long construction
period for large hydro plants.

us

effective.

ol

➢ Small hydro power plants are simple in operation, reliable, need minimal maintenance & more

vt

➢ Small hydro schemes are very useful for small isolated groups of consumers & are likely to be
technically & economically feasible at any site where adequate flow & head are available.
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 Pumped Storage Hydro Electric Plant
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➢ These plants generate electricity during the peak load hours and pump water back from the
tailrace side to the high reservoir during off peak hours called pumping phase.
➢ These plants uses Francis turbine.

➢ During peak hours turbine drives the generator & plant generates electrical energy while during

ol

off peak hours the generator operates as motor & drives the turbine which now works as the

us

pump raising the water from trail race to head.

vt

➢ This reduces the capital cost of the plant & improves the operating efficiency & thus resulting
in economical operation.

Vtusolution.in
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ol
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Advantages of pumped Storage Hydro Vtusolution.in
Electric Plants

plants.
➢ It offers great flexibility in operation.
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➢ Peak loads can be supplied at a lower cost than that when supplied by steam & nuclear power

➢ They have the ability to take up loads in short time.

ol

➢ In the event of extra demand coming up suddenly on the system, such plants can be

us

immediately switched on to meet the demand.

vt

➢ Free from environmental pollution.
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 Choice of Size & Number of Generator
units
Vtusolution.in
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➢ The load on power station is never constant but varies at different timings of the day owing to
varying demands & the generating plant should have the capacity to meet the maximum
demand.

➢ If one unit is made to meet the maximum demand of power station, the plant will be operating

ol

on full load only for short duration & will be running light or even practically on no load for

us

rest of the day.

vt

➢ In order to maintain reliability & continuity of supply at all times, another unit of equal
capacity is required.
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➢ With one unit, reliability of operation is reduced. If the unit is under repair then continuity of
Vtusolution.in
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supply is lost unless there is second unit present which increases capital cost.

➢ Alternatively the small generating units can be chosen such that to work on suitable portions of
load curve in such a way that each will operate on at load giving maximum efficiency.

➢ With increase in number of units, area required is more & cost, maintenance is more.

ol

➢ Therefore compromise to be made in selection of size & no of generating units.

us

➢ Small number of units & to fit them on the load curve.

vt

➢ Neither we should go for single generating unit of larger capacity nor for large number of

generating units of smaller sizes.
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Hydro Power Plant Auxiliaries
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➢ The auxiliaries required are governor, cranes, lubricating oil pumps, air compressors, fans,
cooling water pumps, drainage, dewatering pumps, valves etc.
➢ These auxiliaries are electrically driven

➢ Water is used to cool bearings of turbine, generator & transformers and circulated through

ol

water pumps.

us

➢ Air compressor maintain a supply of air under pressure for operation of generator brakes.

vt

➢ Fans are required for cooling of transformers.
➢ Water pumps are required for unwatering turbine pits during repairs.
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 Plan Layout of Hydro Power Plant
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➢ The general layout of hydro power plant is determined by its type

➢ For vertical turbines, the most convenient & economical layout will be with the turbines
installed in a line parallel to the length of turbine house.

➢ The spacing between machines depends on the size, width & overall diameters of alternator.

us

length of turbine house.

ol

➢ In case horizontal turbines, the suitable layout will be placement of turbines at right angles to

vt

➢ A repair bay should be provided at end of turbine house near the workshop with ample space
for dismantling & re-erection of machines.
Vtusolution.in
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MODULE 2

vt

us

ol

STEAM POWER PLANTS
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 INTRODUCTION
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➢ In steam power plants the heat of combustion of fossil fuels (coal,oil or gas) is utilised by the
boilers to raise steam at high pressure & temperature.

➢ The steam produced is used in driving steam turbines or sometimes steam engines coupled to
generators & thus in generating electrical energy

ol

➢ They can be used for generation of electricity along with the generation of steam for industrial

us

purposes such as paper mills, textile mills, sugar mills etc

vt

➢ The steam is superheated & dry steam under high pressure is passed over fixed & movable
blades of steam turbines.
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➢ The steam expands inside the turbines, its pressure falls & much of the heat associated with the
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steam is given out to the turbines, with results turbines rotate.

➢ Thus the heat of combustion gets converted into mechanical energy.
➢ Turbines coupled to generator to produce electricity.

➢ According to use the plants may be classifies into :

vt

us
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➢ Industrial power plants and Central power plants.
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ol
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➢ Steam power plants may be Condensing & Non condensing type.
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➢ In condensing type the exhaust steam is discharged in condenser in which the pressure is less

than atmospheric & steam is converted into water.

➢ In non condensing type power plants, the steam exhausted from the turbine is discharged at

vt

us

ol

atmospheric pressure or pressure greater than atmospheric pressure.
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 Efficiency of steam plants

Vtusolution.in
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 The thermal efficiency of steam power plant is defined as the ratio of the heat equivalent of
mechanical energy transmitted to the turbine shaft & heat of combustion is quite low (30%)
 Overall efficiency of the power plant is defined as the ratio of heat equivalent of electrical
output to the heat of combustion, is 29%.

us

be upto 50%

ol

 In modern steam plants they have many heat saving devices, the plant overall efficiency may

vt

 Here 50% of total heat of combustion is lost as heat rejected to the condenser.
 The loss of heat energy is unavoidable as heat energy cannot be converted into mechanical
Vtusolution.in

energy without a drop in temperature.
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Thermal efficiency of plant depends on three main factors

• Pressure

• Temperature of the steam entering the turbine.

• Pressure in the condenser

ol

➢ Thermal efficiency increases, as temperature & steam entering the turbine increases therefore

vt

us

high temperature & pressure is used.
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 Merits & Demerits of Steam Power Vtusolution.in
Plants
 Merits
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➢ Fuel used is cheaper

➢ Less space is required when compared with hydro electric plant
➢ Cheaper in initial cost in comparison with other power plants.

➢ Cheaper in production cost when compared with diesel power plants.

us

ol

➢ Such plants can be installed at any place irrespective of the existence of fuels, whereas hydro
electric power plants can be installed only where water is available.

vt

➢ Such plants can be located near to load centres.
➢ Able to respond to rapidly changing loadsVtusolution.in
without difficulty.

➢ A portion of steam raised can be used as process steam in industries.
➢ They provide the stable output

 Demerits
➢ High maintenance & operating costs
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➢ Pollution of atmosphere due to fumes & residues from pulverised fuels.

us

ol

➢ Requirement of water in huge quantity.

➢ Handling of coal & disposal of ash is quite difficulty

vt

➢ Troubles from smoke & heat from the plant.
➢ With increase in operating temperature & pressure,
Vtusolution.in the plant cost increases.

➢ Requires long time for erection.
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➢ Costlier in operating cost when compared with hydroelectric plants.
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 Selection of site
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▪
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❖ Nearness to load centre

The power plant should be nearness to load centre of the load so that transmission cost &
losses are minimum

❖ Supply of water

Large amount of water is required in steam power plant.

us

✓ Raise the steam in boilers.

ol

▪

vt

✓ Cooling purpose in condensers.

✓ Carrying medium for disposal of ash
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 Availability of the load
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➢ Huge amounts of coal is required for raising the steam.

➢ They should be located near the coal mines to avoid the transport of coal & ash.
➢ Low grade coal with 30 to 40 % ash content to be used for power generation.

 Land requirement

ol

➢ The land is required for setting power plant & for coal storage, ash disposal etc

us

➢ So it should be available at reasonable price

vt

 Transportation facilities

 The facilities should be available for transportation of heavy equipment & fuels
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 Labour supplies
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➢ Skilled & Unskilled labours should be available at reasonable rates near the site of plant.

 Ash disposal

➢ Ash is the main waste product of steam power plant & with low grade coal it will be 3.5 tonnes
per day, hence suitable means of disposal should be made.

ol

➢ If site is near coal mine it can be dumped into disused mines.

us

 Distance from Populated Area

➢ Since most of generating stations employ pulverized fuel residues & fumes, which are

vt

unhealthy, therefore it should be away from populated area.
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 Working of steam power plants
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➢ Steam power plants operates on the Rankine cycle.

➢ Coal is burnt in the boiler which converts water into steam.

➢ The steam is expanded in turbine which produces mechanical power driving the alternator
coupled to the turbine

vt
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ol

➢ The steam after expansion in turbine is usually condensed in condenser to fed to boiler again

Vtusolution.in
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❖ Fuel & Ash Circuit

❖ Air & Fuel Gas Circuit
❖ Feed water & Steam Circuit

vt

us

ol

❖ Cooling Water Circuit
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Working of steam power plants may be divided into four parts
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vt

us

ol
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 Fuel & Ash Circuit
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➢ In steam power plants coal is main fuel for operating the steam power plant
➢ Fuel is stored in storage & fed to boiler through conveyer belt

➢ Coal is available in different sizes & it is required to make the coal in particular size so that
complete burning will be possible.

us

to boiler.

ol

➢ Therefore coal is passed through crushers, sizes, dryers & magnetic separator before feeding

vt

➢ To burn the coal liquid fuel is used.

➢ Liquid fuels are required during the disturbance in boiler because it is easy to control energy
Vtusolution.in

from liquid fuels.
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➢ As a result of combustion ash is produced from coal fuel & removed from boiler through ash

vt
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handling equipment's.
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 Air & Fuel Circuit
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➢ Air is drawn from the atmosphere by a forced draught fan or induced draught fan through the
air pre-heater in which it is heated by heat flue gases passing to chimney & admitted to furnace.
➢ Flue gases after passing through boiler tubes & super heater tubes are drawn by induced
draught fan through dust collector, economizer & air preheater finally exhausted to a

vt

us
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atmosphere chimney.
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 Feed Water & Steam Circuit
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➢ The steam coming from the turbine is condensed.

➢ The condensate is extracted from the condenser by the condensate extraction pump & is forced
to pass through low pressure feed water heater.

➢ In low pressure feed water its temperature is raised.

us

gets heated up.

ol

➢ The feed water is now pumped through DE aerator to high pressure feed water heater where it

vt

➢ The function of DE aerator is to reduce oxygen content in the condensate.
➢ The feed water is pumped to boiler, through economiser, in which it is further heated by flue
Vtusolution.in

gases passing through it on way to chimney.

➢ In boiler water is converted to high pressure steam, which is wet.
Vtusolution.in
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➢ The wet steam is passed to the super heater, where it is dried & further superheated & then
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supplied to steam turbine through main valve.
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 Cooling Water Circuit
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➢ To condensate the steam in condenser & maintaining low pressure in it, a large quantity of
cooling water is required from rivers, lakes etc

➢ After passing to condenser it is fed back to river, lakes

➢ When there is no enough water Cooling towers are used.
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➢ Due to fear of water pollution, Cooling towers are used.

Vtusolution.in

 Power plant Equipment and LayoutVtusolution.in
 Boiler

➢ Steam boilers are two types
➢ Water tube boilers

➢ Fire tube boilers
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➢ Boiler is used for producing steam & reheating it.

us

ol

➢ Water tube boilers the water flows in tubes & fire outside.

➢ In fire tube boilers, the tubes contains hot gases of combustion inside & water outside.

vt

➢ Water tube boilers has advantages in respect of low stresses from pressure & temperature
differential therefore small drum size can be
achieved.
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➢ Water tube boilers have less weight of metal for a given size & are less liable to explode,
Vtusolution.in
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produce high pressure quickly controlled steam in demand.

➢ A water tube boiler is more responsive to variations of steam demand.
➢ The floor space requirement of water boilers is less.

➢ In conventional water tube boilers, the circulation of water is natural due to temperature

ol

differential.

us

➢ In large & high pressure boilers, forced circulation is employed.
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➢ Fire tube boilers are cheap but more likely to explode. Furthermore, the volume of water is

more & therefore it is difficulty to control Vtusolution.in
the steam production quickly.

➢ Different designs of water tubes are available such as straight, bent tubes, longitudinal or cross
Vtusolution.in
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drum, Vertical, horizontal inclined tubes, forced or natural circulation, single or multi drum.

vt
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➢ Accessories required in boilers are water level indicators, valves, alarms, pressure gauges etc
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❖ Air Preheater
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➢ Air preheater are used to extract heat from flue gases to combustion air.
➢ The advantages of air preheaters are improved combustion, successful burning of low grade
fuel, increase efficiency & increased capacity of plant.

❖ Draught System

us

from boiler through chimney.

ol

➢ The main purpose of draught system is to supply air to the furnace & to take the flue gases

vt

➢ To flow air & flue gases which, make draught system necessary are ducts, Stacks, chimney,
fuel beds, dampers, air preheaters, economizer etc
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➢ In forced draught scheme, fans are used to create pressure difference.
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➢ IN big steam plants, Forced draught & induced draught fans are used.

 Economizers

➢ The economizers are used to extract heat from the flue gases for the heating of feed water.

➢ It recovers some part of energy of flue gases, which are disposed in the air.

us

ol

➢ The economizer is located in the path of flue gases.

vt

➢ Their placement may be in the last flue gas pass within the boiler setting or in casing
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between the boiler setting & the chimney.
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 Super heaters

Vtusolution.in

➢ Super heaters are specially designed heaters whose function is to remove the traces of moisture
from the wet steam & further rise the temperature of dry steam.
➢ The steam coming out of the super heaters is perfectly dry.

ol

➢ There is a further increase in its temperature also
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➢ It is superheated dry steam under high pressure that is supplied to the turbine.
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 Turbine
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➢ High pressure super heated steam is fed to the steam turbine which causes turbine blades to
rotate.

➢ Energy in the steam is converted into mechanical energy in the steam turbine which acts as the
prime mover.

us

passes through the turbine.

ol

➢ The pressure and temperature of the steam falls to a lower value and it expands in volume as it

vt

➢ The expanded low pressure steam is exhausted in the condenser.
➢ There are two types of steam turbines Impulse & Reaction turbines.
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 Alternator
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➢ In steam power plants, several generating units are used to increase the total capacity of the
plant.

➢ For generating the electricity, high speed synchronous generators are used because the

vt
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efficiency of steam turbines is high at high speed.
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 Condenser
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➢ The exhausted steam is condensed in the condenser by means of cold water circulation.
➢ Here, the steam loses it's pressure as well as temperature and it is converted back into water.
➢ The two basic advantages of condenser are
▪ To increase the efficiency of plant.

ol

▪ Recovery of condensate for re use as boiler water.

us

▪ The two types of condensers jet and surface condenser.

vt

▪ In jet condenser the exhaust steam comes in direct contact with circulating cold water
▪ In surface condenser, there is no such direct contact.
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 De aerators
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sulphate etc of calcium & magnesium.
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➢ The feed water contains floating impurities, dissolved impurities like carbonates, bicarbonates,

➢ Additionally, it contains dissolved oxygen & carbon dioxide.

➢ The floating impurities & dissolved gases are removed by preheating of feed water.

ol

➢ If dissolved gases are not removed, then feed water causes corrosion & scales inside the boiler.

us

➢ For this purpose de aerators are used.
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➢ De aerator is a special type of heater whose function is to expel the dissolved oxygen & other
gases from the boiler feed water.
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 Evaporators
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➢ Evaporators are used in order to make the water losses.

➢ It is in fact that a small fraction of feed water is lost by evaporation at different stages of its
preparation.

 Chimney

vt
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➢ The main function of a chimney is to discharge the flue gases to the atmosphere at great height.
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 Boiler Feed Pump
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➢ A high capacity induction motor is used to feed the water to the boiler
➢ In steam power station feed water pump is the highest power consuming auxiliaries.
Feed water

➢ Natural water cannot be used, as it contains solid, liquid & gaseous impurities, which damage

ol

the blades of the turbine.

us

➢ Although the steam is converted to water in condenser & fed to the boiler by BFP but still
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some make up water is required due to loss in steam & water.
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 Cooling Tower
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➢ The cooling tower forms the major section of the condensing system.
➢ In closed cooling system, involving the cooling towers, the cooling water follows a closed
cycle through the cooling tower.

➢ There are some losses of water due to evaporation.
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➢ Cooling towers are either natural or mechanical type.
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 Spray Pond
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 It is the large pond with provision for an elaborate arrangement of pipes at the bottom, & large
number of nozzles at the top of the pipes.

➢ The hot circulating water from the condenser is conveyed to the spray pond through

the pipes and sprayed through nozzles

ol

➢ As spray water contains small droplets, comes in contact with cold atmospheric air, it

vt

us

cools down & cold water gets collected at the bottom.
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 Steam Turbines
Impulse turbines & Reaction turbine
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➢ In impulse turbines the steam expands completely in the stationary nozzles, there being no
pressure drop over the moving blades or runner.

➢ By doing so, steam attains a high velocity & impinges against the blades fixed on the rotor.

ol

➢ This results in impulsive force on the moving blades which sets the rotor rotating.

us

➢ Impulse turbine has high speed & provides ample clearance between rotor & stationary blades.
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➢ It also gives optimum utilization of steam with simple design.
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Reaction turbine
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➢ The steam does not pass through nozzle but expands as it flow over the rotor blades, the blade
will act as nozzle.

➢ Expansion of steam will happen as it flows over the blades.

➢ Friction losses between the steam & blades are converted into heat, which in turn will reheat

ol

the steam

vt
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➢ Reaction turbines are classified as relatively low rpm.
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Steam turbines according to type of flow.
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Axial flow and Radial flow
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➢ In axial flow type turbines the steam flows over the blades in a direction parallel to the axis of
wheel.

➢ Radial flow turbines, blades are arranged radially so that steam enters the blades tip nearest to

vt
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the axis of the wheel, flows towards the circumference.
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 Fuels

Fuels may be in the form of natural or prepared forms, exist as solids, liquids & gases.

➢ Solid fuel include coals, cokes, wood.
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➢

Vtusolution.in

➢ Liquid fuels include alcohol, petroleum oils etc

➢ Coal, which is a mixture of carbon, hydrogen, oxygen, nitrogen, sulphur, moisture & ash, is

ol

mostly used in thermal power plants.

vt

 Anthracite

us

Coal can be classified into several categories.

➢ It is very hard coal having shiny black luster & has high percent of carbon & 8% volatile
matter
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 Semi anthracite
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➢ It occurs in small quantities & is not used for steam generation.

➢ The percentage of carbon is less & it burns with longer & more luminous flames.

 Semi bituminous

➢ It is the highest grade of bituminous coal & burns with a very small amount of smoke.

us

 Bituminous

ol

➢ It is softer than anthracite & contains 14-22% volatile matters

flames.
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➢ This type of coal has high percentage of volatile matter & burns with long yellow & smoky
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 Sub bituminous
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➢ It is known as low grade bituminous coals

➢ Sub bituminous breaks into pieces when exposed to air & require careful attention during
storage.

 Lignite

us

from naturally compressed peat.

ol

➢ Lignite, often referred to as brown coal, is a soft brown combustible sedimentary rock formed

vt

➢ It is considered the lowest rank of coal due to its relatively low heat content.
➢ It has a carbon content around 60–70 percent.
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 Fuel Handling
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➢ Coal can be handled manually or mechanically

➢ Mechanical handling is usually adopted as it is reliable and economical.
➢ Large quantity of coal is required to be handled everyday, mechanical handling has become
necessary.

ol

➢ The main requirement of a coal handling plants are reliability, soundness & simplicity requiring
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a minimum of operatives & minimum of maintenance.
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 Fuel Combustion & Combustion Equipment
Vtusolution.in
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➢ Fuel is burnt in a confined space called Furnace
➢ Efficient combustion of fuel is essential for economical operation of power plant.
➢ The proper quality of primary or secondary air required for complete combustion.
➢ Minimum operating & maintenance cost.
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➢ The system should be easy to handle & should be dependable.
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Two types of firing are available
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➢ Pulverised fuel firing.
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➢ Solid fuel firing.

In case of Solid fuel firing two methods are used,
▪ Hand firing
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▪ Stoker or mechanical firing
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Hand firing
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➢ The coal is put into the furnace frequently by shovels.
➢ The primary & secondary air is needed for combustion & is regulated by dampers .
➢ Dampers : Device which allows the control of flow gases.

➢ The grate of such boilers consist of bars over which coal is put.
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➢ This firing is simple & doesn't require capital investment.
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Stoker Firing
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➢ Stoker gives mechanical feeding of a coal
➢ Mechanical Stokers receive fuel by gravity, carry it to the furnace for combustion & after
combustion discharge of ash at appropriate point.
❖ Advantages

➢ Saving labour cost.

us

➢ Greater combustion facility.

ol

➢ Uniform feeding of fuel into furnace.

vt

➢ Fluctuations of load demand can be met because of control of combustion.

➢ Very reliable & maintenance charges are reasonably
low.
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Disadvantages
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➢ Complicated construction.
➢ Loss of fuel in the form of riddling's ( remove ashes ) through the gates.
➢ Standby losses are always present.

ol

➢ With very large units the initial cost may be rather high than with pulverized fuel.
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➢ Underfeed Stokers.

us

❖ Mechanical Stokers are of two types.

➢ Overfeed Stokers.
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 Underfeed Stokers
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➢ The coal is fed into the furnace below the point of admission of air.
➢ Coal from the container discharges into furnace.

➢ When coal gets heated up all volatiles in it are distilled & when coal reaches active combustion
it is in the form of coke & ash.

ol

➢ The ash discharge plates are at back of furnace & by time coal is washed down on the plates,

us

all combustion has been complete.
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➢ Here air is admitted through holes in furnance sides.
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 Overfeed Stokers
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➢ Overfeed stokers are used for large capacity boilers where coal is burnt as lumps (i.e., without
pulverization).

➢ In this type of stoker, the fuel bed receives fresh coal on top surface.
➢ In the first layer (top layer), fresh coal is added

ol

❖ Second layer is the drying zone, where coal losses moisture

us

❖ Third layer is distillation zone, where coal loses volatile matter
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❖ Fourth layer is the combustion zone, where the fixed carbon in coal is consumed.
❖ Fifth layer is the ash cooling zone
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 Pulverised Fuel Firing
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➢ Solid fuels can be used in powdered form & burn like oil & gases.

➢ The coal is first dried usually by the gases, grounded to a fine powder in a pulverised mill &
then projected into the combustion chambers by means of a current of hot air.
➢ A further volume of pre heated air is blown separately for effective combustion.

us

air.

ol

➢ The air used to dry the coal & convey the powdered fuel to the furnace is called the Primary
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➢ Air blown separately to complete combustion is called Secondary air.
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❖ Advantages
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➢ In pulverised fuel firing better combustion is achieved.
➢ Low grade coal can be used since it is used in powdered form.

➢ Small quantity of excess air & thorough mixing of air & fuel produces high furnace
temperature with little smoke.

ol

➢ Ash removing troubles are reduced.

us

➢ Firing of boiler becomes easy. The boiler can be started from cold conditions very rapidly.

vt

➢ Fluctuations of load can be easily met.

➢ Preheated air can be used successfully.
Vtusolution.in

❖ Disadvantages
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➢ Coal preparation is required which makes initial cost expensive.
➢ Special system is required to start the system.
➢ The operation cost is also high.

➢ Lot of fly ash in the exhaust makes the removal of fly ash uneconomical.

vt

us

ol

➢ There is a risk of explosion as coal is burnt like a gas. So skilled personnel are required.
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o Two system of preparation of coal into fineVtusolution.in
powder namely Unit system & Central System.
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▪ Unit system
➢ Separate pulverising unit is provided for each furnace & the fuel is fired directly into the
furnace without being stored.
▪ Central system

ol

➢ The fuel is pulverised in the central plant & stored in bins or bunkers.

vt

us

➢ From the bunkers, the pulverised fuel is distributed to various burners through separate feeders.
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 Coal Burners
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➢ The coal burners are employed to fire the pulverised coal along with primary air into the
furnace.

➢ The secondary air is admitted separately below the burner.

➢ The main requirement for good coal burner is capable of producing uniform & stable flame

ol

with almost complete combustion of fuel.

❖ Cross firing
❖ Tangential firing

vt

❖ Opposed Firing

us

They are classified into
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❖ Opposite firing
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other causing mixing of fuel & air.
❖ Cross firing
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➢ The burners are placed on the opposite walls of the furnace & they fire directly against each

ol

➢ The burners fire in the vertical direction & Horizontal direction.

us

❖ Tangential firing

➢ The burners are placed in the corners of the furnace & they send horizontal stream of air & fuel

vt

tangent to an imaginary circle in the centre of the furnace.
Vtusolution.in

 Fluidized Bed Combustion
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➢ A fluidized bed may be defined as the bed of solid particles behaving as a fluid.
➢ When an evenly distributed air is passed upward through a finely divided bed of solid particles
at low velocity, the particles remain undisturbed

➢ But if the velocity is steadily increased, a stage is reached when individual particles are

ol

suspended in the air stream.

us

➢ If air velocity is further increased , the bed becomes highly turbulent (moving unsteadily) &

vt

rapids mixing of particles occur.

➢ This appear like formation of bubbles in a boiling liquid & a bed is said to be fluidized.
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 There are two basic systems in FBC namely
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▪ Atmospheric FBC

▪ Pressurized FBC
▪ Advantages of FBC

➢ Easy ash Removal system

ol

➢ High thermal Efficiency

us

➢ Short Erection and Commissioning period.

vt

➢ Fully Automatic & Safe operation

➢ Reduced maintenance & Uniformity of Temperature.
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 Ash Handling

Vtusolution.in

ut
io
n.
in

 Large power plants produce a huge quantity of ash, sometimes as much as 10 to 20% of the
coal burnt per day. Therefore, mechanical devices are used for effective collection and
disposal of ash.

Ash handling compromises the following operations

ol

 Removal of ash from the furnace

vt

 Disposal of stored ash.

us

 Transfer of this ash to a fill storage.
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 The ash can be disposed off in followingVtusolution.in
ways.
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➢ Waste land sites may be reserved for the disposal of ash.

➢ Building contactors may utilize it to fill the low lying areas.

➢ Disused quarries within reasonable distance of power plant may be employed for dumping the
ash into evacuated land.

vt

us

ol

➢ Deep ponds may be made and the ash can be dumped into these ponds too fill them completely.
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 Difficulties experienced in handling & Disposal
Vtusolution.inof Ash

➢ The ash is dusty in handling.
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➢ The ash coming out of the furnace is very hot

➢ It produces poisonous gases & corrosive acids when mixed with water
 Requirements of Good Ash handling Plant

ol

➢ It should be able to handle hot and wet ash effectively and with good speed.

us

➢ It should be possible to minimize the corrosive action of ash.

vt

➢ Operation of the plant should be easy, economical, simple and noiseless.
➢ It should also remove fly ash and smoke to control air pollution.
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✓ Modern Ash Handling System used in Steam
Power Plants are
Vtusolution.in

• Hydraulic System
• Steam Jet System

❖ Belt Conveyer System.

ol

• Pneumatic System
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• Belt Conveyer System

us

• In this system ash is carried with the flow of water with high velocity, through a channel and

vt

finally dumped in the sump.

• This is continuous handling & the power consumption is low.
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❖ Pneumatic System
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➢ Air is employed as the medium for driving the ash through a pipe over long distance.
➢ The ash is passed from boilers & then into conveying pipe.

➢ Air is sucked through the delivery end which makes the ash to flow into separators where ash is
collected in hoppers.

us

Advantage

ol

➢ The dusty air is filtered & exhausted to atmosphere through the exhaust fan.

Disadvantage

vt

▪ Can carry ash through long distance.
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▪ High maintenance charges & noisy operation.

❖ Hydraulic System
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➢ In this system a stream of water carriers ash along with it in a closed channel & disposes it off
to the proper site.

➢ This system can be used for large capacity power plants where the ash is to be disposed off
over long distances.

vt

▪ High pressure system.

us

➢ Hydraulic system are

ol

➢ This is a healthy, clean dustless & completely enclosed system.

▪ Low pressure system.
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❖ High pressure system
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➢ This system operates at irregular intervals.
➢ Hoppers are placed below the boilers and are fitted with water nozzles both at top & on sides.
➢ The top nozzles quench the ash while the side ones provide the driving force for the ash.
➢ The ash & water flow together to a sump where ash is separated from water.

ol

➢ The water is used again while the ash is sent out through carriages.

us

❖ Low pressure system

vt

➢ This system operates at regular intervals.
➢ Drain is provided below the boilers & water is made to flow through them.
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➢ The ash directly falls into the drain & carried by the water to the sumps.
Vtusolution.in
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➢ In the sumps the water & ash are made to pass through the screens in order to separate them

out.

➢ The water is pumped back to the drain & the ash is removed through carrier units.

ol

❖ Steam Jet System

us

➢ This system employs jets of High pressure blowing in the direction of ash travel through a

vt

conveying pipe in which the ash from the boiler ash hoppers is fed.

➢ This system is installed where the path of travel of ash is not straight.
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 Dust Collection
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➢ The exhaust gases leaving the boiler contain particles of dust, fly ash or carbon as a material
called Cinder.

➢ The quantity of solid particles depends upon the method of fuel firing.
➢ In pulverised fuel firing 60 to 80 % of the total ash produced in the furnace, escapes through

ol

the chimney as flue dust.

us

➢ Removal of dust from exhaust gases is very important because the environment gets polluted.

Precipitator).

vt

❖ Dust collectors are classified into Mechanical & Electrical ones (Electrostatic
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❖ Electrostatic Precipitator
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➢ Mechanical dust collectors can be further classified
Vtusolution.in as Wet & Dry dust collectors.

❖ An electrostatic precipitator (ESP) is an device that removes dust particles from a flowing
gas using the force of an induced electrostatic attraction.

➢ It consists of two electrodes which are completely insulated from each other.

ol

➢ One set is called emitting or discharge electrode.

us

➢ Other set is called Collecting electrode.

vt

➢ The emitting or Discharge plates are connected to negative polarity of hvdc source.
➢ While the Collecting electrodes are connected to positive polarity.
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➢ High electrostatic field is set up between two sets of electrodes creates corona discharge &
Vtusolution.in
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ionises the gas molecules as flue gases flow in between the plates.

➢ The dust particles acquire negative charge & are attracted to positive polarity & gets deposited
there.

➢ Types of Electrostatic precipitator

ol

➢ Plate or Tubular type.

vt

➢ Dry or Wet type

us

➢ Horizontal & Vertical flow type.
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 Draught System
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➢ In boiler the combustion of the fuel requires supply of sufficient quantity of air & removal of
exhaust gases & this is achieved by draught system.

➢ The circulation of air is caused by a difference in pressure is known as draught.
➢ The draught may be produced either Naturally or Artificially.

us
vt

a Steam jet.

ol

➢ Natural draught is produced thermally & Mechanical draught is produced by means of a fan or
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❖ Natural Draught
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➢ The natural draught is provided by the action of Chimney and is used only in small boiler.
➢ Its intensity depends upon the average temperature difference between flue gases within the
chimney & the outside air.
❖ Mechanical Draught

ol

➢ Mechanical draught system, the movement of air is due to the action of the fan.

us

➢ A mechanical draught may be consist of induced or forced draught or both.

of rotation.

vt

➢ The fans in all these cases , have high efficiency aerofoil blades inclined backward to direction
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➢ In Induced Draught system, the blower is installed near the base of the chimney & the burnt
Vtusolution.in

atmospheric one.
➢ This induces fresh air into the furnace.
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gases are sucked out of the boiler, reducing the pressure inside the boiler to less than

➢ In Forced Draught system, the blower is installed near the base of boiler.

us

flow through the system.

ol

➢ Here, air pressure throughout the system is above the atmospheric pressure & air is forced to

vt

➢ If both Induced & Forced draught is not sufficient & to achieve advantages of both the systems

Balanced Draught System is used.
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➢ In this system, the pressure of air below the boiler grate is above atmospheric and that above

vt

us

ol

grate is below atmospheric.
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 Feed Water
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➢ The source of boiler feed water is generally a river or lake which may contain suspended &
dissolved impurities, dissolved gases etc.

➢ Suspended impurities include mud, clay, silt etc.

➢ Dissolved impurities include Carbonate, bicarbonates, sulphates, sodium, iron etc

ol

➢ Dissolved gases include oxygen & Carbon dioxide.

us

➢ These impurities in feed water may lead to scale formation & corrosion.

of the boiler.

vt

➢ Scale formation reduces the heat transmission through heating surfaces & causes overheating
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➢ It is necessary to heat & purify the water before feeding the boiler.

Heating of feed water
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▪ Improves the overall efficiency of the plant.

▪ Removes dissolved oxygen & carbon dioxide

▪ Avoids thermal stress's owing to entry of cold water into the boiler.

o Open or Contact type heaters

vt

us

o Closed or Surface type heaters.

ol

Two types of heaters are used namely
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 Steam Power Plant Auxiliaries
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➢ The equipment's which helps in proper functioning of the plant are called Plant auxiliaries.
❖ The boiler auxiliaries

➢ This depends upon the type of fuel firing.

➢ In case of stoker firing, stoker devices are essential along the forced & induced draught fans,

ol

boiler feed pumps, secondary air fans, air preheaters, blowers etc.

us

➢ In case of Pulverized firing, the various auxiliaries are primary air fans, forced & induced

vt

draught fans, pulverized fuel conveyers, pulverised mills, air preheaters, etc
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➢ Coal & Ash auxiliaries include Elevators, conveyers, cranes, pumps, exhausters etc.
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ut
io
n.
in

➢ Turbo alternator auxiliaries include Circulating water pumps, extraction pumps, governor

control, evaporator, distillate pumps, Ventilating fans, oils, pumps, exciter.
➢ Miscellaneous auxiliaries include air compressors, water & fire service pumps, workshop

vt

us

ol

machinery & equipment.
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 Steam Power Plants Controls
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➢ A number of controls, such at the boiler, turbine & generator unit are provided in a steam
power plant so as to maintain best conditions at all loads.

➢ Turbine governing is affected by reducing the steam mass flow by cutting off one or more
nozzles through which the steam enters the blades.

ol

➢ The first method of governing known as throttle governing is used in case of small turbines.

us

➢ The second method of governing known as nozzle governing is used in case of large turbines

vt

➢ In general Centralized control is employed in modern stem power plants.
➢ All controllers are centralized in one room called Control room.
Vtusolution.in
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DIESEL POWER PLANT
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INTRODUCTION
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➢ Diesel power plant is the plant in which diesel engine is used as prime mover for the generation
of electrical energy

➢ The diesel engine obtain energy from the liquid fuel called diesel oil & converted into
mechanical energy

vt

us

energy to Electrical energy.

ol

➢ An alternator or DC generator mechanically coupled to the diesel engine converts mechanical
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 Merits & De merits
❖ Merits
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➢ The design & installation of such plant is very simple.

➢ These plants can be located at any place.

➢ Such plants can be quickly procured, installed & commissioned,.

➢ Such plants require less space for fuel storage & are free from ash handling problems.

ol

➢ Such plants respond to varying loads without difficulty.

vt

➢ Less fire Hazard.

us

➢ The overall capital cost is lesser than that of Steam power plants.

➢ Such plants maintain high operation efficiency
irrespective of load.
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❖ De merits
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➢ Operating cost is high, due to cost of diesel fuel.

➢ Diesel units capacity is limited. These cannot be constructed in large size.
➢ The Noise & Air pollution is more

➢ The repair & maintenance cost are high.

vt

us

ol

➢ The life is very less ( 5 or 10 years)
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❖ Distance from load centre
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 Selection of Site for Diesel power plant
Vtusolution.in

The site should be near to the load centre as possible in order to avoid transmission cost & losses.
❖ Availability of Land
Land should be available for cheap rates.

ol

❖ Availability of Fuel

us

The fuel should be easily available at reasonable rates.

vt

❖ Availability of Transportation facilities
The transportation facility should be available
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❖ Availability of Water
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❖ Distance from populated area
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Water should be sufficiently available for cooling purpose.

The site should be away from populated area, because of noise & nuisance caused from exhaust.

❖ Type of Land

ol

The land should be of high bearing capacity to withstand the load of the plants & also vibrations

vt

us

transmitted to the foundations from compressor & diesel engine.
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 Elements of Diesel Power Plant
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❖ Diesel Engines
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The diesel engine, for a diesel electric plant, may be a two stroke or four stroke engine.
Four stroke engine

The cycle of operation completed in 4 strokes or two revolution, the 4 strokes being
✓ Suction

✓ Compression

ol

✓ Working

us

✓ Exhaust

In 2 stroke engines all the four operations are completed in 2 strokes or one revolution

vt

✓ The forward stroke combining Intake & Compression
✓ The backward stroke combining Working & Exhaust
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➢ A two stroke engine develops more power, it has got higher fuel consumption and this costs
less than 4 stroke engine.
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➢ A four stroke engine has higher efficiency, lower fuel consumption and more effective
lubrication than 2 stroke engine.

➢ The ignition may be through Compression ignition or Spark ignition.

ol

➢ In Compression ignition, the combustion starts by spontaneous ignition of fuel & air

us

because of high temperature developed by the compression of the air.

vt

➢ Spark ignition engine uses a spark plug to ignite the fuel air mixture.
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❖ Fuel system
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➢ This mainly comprises of fuel storage tanks, fuel transfer pumps, purifiers, heaters & pipe
connections.

➢ The fuel received by the plant is stored in bulk storage tanks which are situated outdoor for
safety.

ol

➢ From storage, the oil is conveyed to engine and the oil should be purified before it is delivered

us

to engine in order to remove all suspended impurities.

vt

➢ This is done by using purifiers.

➢ The heaters are necessary, since fuel should be preheated before letting it into the engine.
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❖ Air intake system
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➢ Air is drawn from outside the engine room & delivered to the inlet through the air filters which
remove the dust & other suspended impurities from air.
➢ Filter types include dry, oil bath & ESP.

➢ In cold climate, the intake air is heated, by using the heat from exhaust gases, before injection.

us
vt

pressure.

ol

➢ Supercharging is usually employed to increase the pressure of intake air above atmospheric
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❖ Engine cooling system
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➢ Enormous heat will be developed inside the cylinder due to the burning of the fuel, the
temperature inside the engine would be very high. In order to bring down the temperature, an
efficient cooling must be provided.

treatment & Filtration plant.

ol

➢ The cooling system compromises of Coolant pump, Spray pond or Cooling tower, Water

us

➢ Cold water obtained from outside source is purified and water is passed through the engine,

vt

where it absorbs much of the heat. In this process, it becomes quite hot.
➢ The hot water is either discharged suitably or cooled and used again as circulating cold water.
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➢ For cooling hot water, spray pond or cooling tower is used.

❖ Engine Lubricating System
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also to minimize their wear & tear.
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➢ The main purpose of lubrication is to reduce the friction of the moving parts of the engine, and

➢ This system compromises of the lubricating oil pumps, oil tanks, filters, purifiers, coolers &
connecting pipes.

us

connecting rod & bearings.

ol

➢ The engine parts which require lubrication are cylinders, piston, gears, crank shaft,

vt

➢ Piston and cylinder need special lubricating oil.
➢ The forced feed lubrication is mostly used and the equipment for this purpose includes pumps,
oil cooler, oil cleaner, sump oil, tank etc
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❖ Exhaust system
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➢ The function of the exhaust system is to discharge the engine exhaust to the atmosphere.
➢ A good exhaust system should keep the noise at a low level, exhaust well above the ground
level to reduce the air pollution.

➢ When a mixture of fuel & air burns inside the engine, hot gases are produced, these gases need

ol

to be expelled so that fresh charge may be introduced into the engine.

us

➢ Exhaust gases are conveyed through the Silencer & Connecting ducts.

exhaust pipe.

vt

➢ The function of silencer is to reduce the Noise level of the exhaust gases as they pass through
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❖ Engine starting system
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➢ This system compromises of Storage battery , Air compressor, Self starter etc
➢ This system is provided to rotate the engine initially, while starting until the firing starts & the
unit runs under its own power.

➢ For small size diesel engines, hand cranking may be adequate or battery driven motors

ol

may be employed.

us

➢ For large size diesel engine, generator sets, compressed air starting is employed.

vt

➢ In compressed air system of starting, the compressed air from a tank at high pressure is
admitted to few of engine cylinders, making them to act as reciprocating air motors to turn
engine shaft.
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➢ The fuel is admitted to remaining cylinders which causes the engine to start under its own
Vtusolution.in
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power.
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❖ Diesel engine alternator
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➢ The diesel engine alternators are of rotating field, salient pole construction, speed ranging from
214 to 1000 rpm and capacities from 25 to 5000 KVA at 0.8 lagging.

➢ Their output voltages are 440 V in case of small machines & as high as 2220 V in case of large
machines.

ol

➢ These are directly coupled to the diesel engines.

us

➢ They are provided with automatic voltage regulators to permit close voltage regulation &

vt

satisfactory parallel operation.

➢ The diesel engines are provided with damper winding.
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❖ Instrumentation

Vtusolution.in

ut
io
n.
in

➢ A diesel plant must have a number of instruments to ensure satisfactory operation.
➢ Thermometers for measurement of exhaust temperature, lubricating oil temperature, fuel oil
temperature & injection air compressor temperature.

➢ Pressure gauges to gauge both final & inter stage pressure of starting air system, lubricating

us

➢ Synchronising equipment.

ol

oil system before & after cooler, cooling water & fuel oil before & after strainer.

vt

➢ Wattmeter's, voltmeters & ammeters.

➢ Visible & audible alarms to give warning in the event of high lubricating oil temperature, low
Vtusolution.in

lubricating oil temperature, incorrect starting & blower motor over current.

 Applications of Diesel Power Plants Vtusolution.in
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▪ Emergency plant

Number of industries all over the country have installed diesel electric plants in their premises to
maintain essential services when supply from grid is not available.
➢ They are used for starting auxiliaries in steam power stations.

ol

▪ Mobile plants

vt

▪ Peak load plant

us

Mobile diesel plants mounted on trailers are used for temporary & emergency purposes.

A diesel plant can be started & loaded quickly . As such these plants can be used as peak load
plants.
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▪ Standby plants
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They can be used as standby plants when supply from grid is not available.

➢ They can be used in remote locations where supply from grid is not available.
➢ The use of diesel electric plants during the construction stages of thermal & hydroelectric

vt

us

ol

power plants is very common.
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GAS TURBINE POWER PLANT
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 INTRODUCTION
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➢ In gas turbine power plant, natural gas is used as primary fuel.

➢ When it is mixed with hot air & burnt inside a combustion chamber, hot gases are produced.
➢ These hot gases of combustion under pressure are passed over the blades of a turbine.
➢ The heat energy of the gases gets transformed into mechanical energy.

ol

➢ The alternator coupled to the turbine further converts mechanical energy into electrical energy.

vt

plants.

us

➢ Thus the mechanism of power generation is practically similar to that in thermal & diesel
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❖ Merits & De merits
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Merits
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➢ The capital cost is quite low

➢ The design and erection of the plant are simple

➢ The space required for the plant is comparatively small

➢ It can be quickly started as compared to the steam power plant

us

➢ Maintenance is simple

ol

➢ The fuel consumption is low during the starting & shutting down

vt

➢ No heavy foundation is required

➢ Very little cooling water is needed
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➢ The plant offers a high degree of reliabilityVtusolution.in
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❖ De merits
➢ The main problem with gas turbine plant is that compressor should be started before the unit
starts which requires the additional external driving power to start the turbine.
➢ The operation of the plant is noisy

ol

➢ A large part of the developed power is consumed by the compressor. This reduces the overall

us

efficiency of the plant.

➢ The cost of fuel is comparatively high

vt

➢ The thermal efficiency is poor

➢ Only limited quantum of power can be generator
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❖ Distance from load centre
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 Selection of Site for Gas power plantVtusolution.in

The site should be near to the load centre as possible in order to avoid transmission cost & losses.
❖ Availability of Land
Land should be available for cheap rates.

ol

❖ Availability of Fuel

us

The fuel should be easily available at reasonable rates.

vt

❖ Availability of Transportation facilities
The transportation facility should be available
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❖ Distance from populated area
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The site should be away from populated area, because of noisy operation.

❖ Type of Land

The land should be of high bearing capacity to withstand the load of the plants & also vibrations

vt

us

ol

transmitted to the foundations from compressor & turbines.
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 Fuels for Gas Turbines
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➢ The most important requirement of fuel used in gas turbine that its product of combustion
should contain a minimum of matter which might get deposited on the turbine blades.
➢ A variety of fuels solid, liquid & gaseous are available for use in gas turbines.
➢ Coal & peat can be used as gas turbine fuels but these are not used because of coal handling &

ol

ash handling problem.

us

➢ The petroleum fuels such as kerosene, gas oil, diesel oil, residual oil are used in gas turbines

vt

but these use is limited because of high cost.
➢ Natural gas which is methane, is mainly used in Gas power plant because of high calorific
valve
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➢ Liquid petroleum can be used
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ol
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❖ Elements of Simple Gas Turbine Power
Plant
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➢ The gas turbine consists of a Compressor, Combustion chamber, Gas turbine & Alternator
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➢ Reaction type non condensing turbine
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➢ Compressor mounted on same shaft & Coupled to Turbine

➢ The compressor used in gas turbine power plant is Rotary type
➢ Alternator coupled to the Turbine

➢ Auxiliaries such as starting motor, auxiliary lubrication, pumps, oil system, fuel system, duct
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system etc
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➢ The Compressor takes in atmospheric air compresses it and supplies pressurized air to
the combustion chamber
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➢ The Combustion chamber raises the temperature of air & increases its volume under
constant pressure.

➢ The Hot pressurized gas expands in the turbine produces mechanical power & turns the

ol

rotor of the turbine

us

➢ Both Compressor & Alternator are coupled to same shaft.

vt

➢ Part of the power developed by the gases is passing through the turbine is used to run the

compressor & auxiliaries, the rest is used to
generate electrical energy during the generator.
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➢ Alternator is coupled to the gas turbine converts mechanical energy of the turbine into
Electrical energy.
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➢ An electric motor is used for starting the compressor because it should be started before
starting the turbine.

there is no need of motor now.

us

➢ Motor is energized by batteries.

ol

➢ Once the unit starts a part of mechanical power output of the turbine drives the compressor &

vt

➢ Gas turbine, it has to drive Compressor & Alternator
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➢ In some cases these two has been separated & two different turbines are employed a High
Vtusolution.in
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pressure turbine drives the compressor & Low pressure turbine drives Alternator.

➢ Advantage of this is that, speed of the turbine can be kept constant at Synchronous speed, while
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the speed of the turbine driving the compressor can be varied according to output required.
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❖ Methods of Improving thermal efficiency
of a Single Gas Turbine
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➢ Efficiency of Open cycle plant is very low

➢ This is because, 65% of the mechanical power developed in the turbine is used to drive the
Compressor.

➢ The hot gases from Combustion chamber is cooled to a safe temperature before admitting it

ol

into the turbine, also reduces efficiency.

us

➢ Because of these conditions, efficiency rarely exceeds 20%
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➢ The efficiency of an open cycle plant can be improved through a combination of
Regeneration, Intercooling & Reheating.
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 Regenerator
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➢ The regenerator utilizes the heat of exhaust gases to heat the compressed air before it is sent to
combustion chamber, reduces fuel consumption of the plant & improves cycle thermal
efficiency

➢ The heat transfer from the regenerator can be improved by increasing the surface area or by

us

 Intercooling

ol

increasing the flow turbulence.

vt

➢ Intercooling means removal of heat from compressed air between the stages of compression.
➢ This necessitates the use of compressor with two stages viz L.P & H.P compressors.
Vtusolution.in

➢ The intercooler is heat exchanger which cools the partly compressed air in order to reduce
volume & increase density.
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➢ This results in improvement of thermal efficiency, air rate & water ratio.
➢ By use of inter cooling the size of turbines & compressors for the same output is reduced.

➢ This improves performance of compressor.

us
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❖ Reheating

➢ In reheating the combustion gases are not expanded in one turbine only, but in two turbines.

pressure turbine

vt

➢ The exhaust of the high pressure turbine is reheated in reheater & then expanded in low
Vtusolution.in

vt

us

ol

ut
io
n.
in

➢ Reheating improves the output from the turbines
due to multiple heating.
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❖ Closed Cycle Gas Turbine Power Plants
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➢ In open cycle gas turbine, the fuel is mixed with air in the combustion chamber &
combustion gases are expanded in gas turbine.

➢ This causes erosion & corrosion of turbine blades, and therefore essential to use fuel of
superior quality in combustion chamber.

ol

➢ This can be over come by using Closed gas plant

vt

gas as hydrogen, neon).

us

➢ In Closed power plant, the fuel is not mixed with the working medium (i.e Air or any other

➢ The other drawback of open cycle gas turbine is that the turbine exhaust is discharge into the
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atmosphere resulting in rejection of heat exhaust gases to the atmosphere.

➢ In closed turbine, the rejection of heat of exhaust gases, in a heat exchanger or cooler.
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➢ In closed turbine cycle plant, the medium is heated externally & is continuously circulated

vt
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through compressors, heat exchangers, intercoolers, reheater & gas coolers.
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 Advantages of a closed cycle plant
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➢ A working medium having more desirable properties than air can be used. These are
hydrogen, argon, helium etc. This results in economy plant size.

➢ The risk of corrosion of turbine blades is absent since the turbine is free from the products of
combustion.

ol

➢ The working medium is at high internal pressure. This results in economy in dimensions of

us

turbines etc.

closed cycle plant.

vt

➢ In an open cycle plant the incoming air has to be filtered. This is evidently eliminated in

➢ The rate of heat transmission is better.
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❖ Comparison of Gas power plant with
Diesel and Steam power plants
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Gas power plants have numerous advantages over Diesel power plants such as,

➢ Smaller site areas

➢ Lower cost of buildings
➢ Low initial cost Better heat rate

➢ Less water requirement

us

➢ Less vibrations

vt

➢ Improved reliability

ol

➢ Easier maintenance
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▪

➢ There are no problems of fuel injection &Vtusolution.in
Cylinder lubrication as with diesel engines.

➢ The only drawback of gas turbine power Vtusolution.in
plant in compression to diesel power plant is Higher
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fuel consumption.

 Steam power plants

➢ The capital cost of gas turbine is lower than that of stream plant of the same size.
➢ It has no standby losses.

ol

➢ It requires less area than a steam plant of the same capacity.

us

➢ Its foundations & buildings are simple & cheap.

vt

➢ They can be started & put on load more quickly than steam plants.
➢ A gas turbine can be located very near to Vtusolution.in
the load.

Drawbacks
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➢ The operating costs of a gas turbine plant are very high as compared to steam plants.
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➢ Gas turbine plants can be used only in small sizes about 50 MW or so.
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MODULE 3

vt
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NUCLEAR POWER PLANTS
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Introduction
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 The need for electricity is unending & each decade the world demand for electricity is doubled
owing to booming increase in the population & industrial growth

 Hydro electric station produces cheap power but need a thermal backing to increase the firm
capacity

ol

 The coal reserves of the world are fast depleting

us

 The nuclear power is the only source which can supply the future energy demands of the world.

vt

 The main advantages which nuclear power plants posses are
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 Huge amount of energy can be released from a small quantity of active material.
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 The amount of fuel used is small. Therefore, fuel cost is low.

 Since the amount of fuel needed is small, there is no problems of fuel transportation storage
etc.

 The energy obtained by burning of 1 kg uranium would give energy equivalent to 3000 tonnes

vt
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of high grade coal.
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 Economics of Nuclear power plants Vtusolution.in
 Capital costs
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 The capital costs of a nuclear power plant includes cost of land, cost of design & planning, cost

of building, cost of nuclear reactor, heat exchangers, steam turbines, alternators etc.
 Nuclear reactors are very heavy & impose bearing pressure of about 50 tons per square metre.

Therefore , the site should have strong foundation.

us

re very high.

ol

 The capital cost of nuclear reactors, cooling requirements, foundation of nuclear power plants
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 Nuclear fuel may remain in a reactor for more than 5 years. Therefore, the cost of fuel injected
initially is considered as capital cost.
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 Operating cost
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 The quantity of fuel placed in a nuclear reactor during any period, say one month, has little
relationship to the kilowatt hours generated.

 Therefore, the fuel costs are calculated on the basis of “target irradiation”.
 The quantity of fuel consumed in the reactors is calculated from the electrical output of the

ol

plant & operating fuel cost allocation is based on this calculation.

us

 The other operating costs include salaries & wages of operating & maintenance staff, oil, water,

vt

material for maintenance etc.

 The total operating costs per KWH of a nuclear plant are less than that of a coal fired thermal

plant
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 Merits and Demerits
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 Merits

ut
io
n.
in

 The amount of fuel required is quite small, therefore there is no problem of transportation,

storage etc

 These plants need less area as compared to any other plant of the same size. A 2000 MW

nuclear power plant needs about 80 acres whereas the coal fired steam power plant of same

ol

capacity needs about 250 acres of land.

vt

operation is reduced.

us

 Man power required for the operation of nuclear power plant is less. Therefore the cost of

 The these plants transportation is not required,
so it can be located near to the load centres,
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 These plants are most economical in large capacity. The output control is extremely flexible i.e
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the output can be instantaneously adjusted from zero to upper limit.

 There are large deposits of nuclear fuel available all over the world. Therefore such plants can
ensure continued supply of electrical energy for long years.
 Demerits

ol

 The initial cost of the power plants will be high as compared to the other types of power plants

us

 The erection & commissioning of the plant requires greater technical skills.
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 The fission by products are generally radio active & may cause a dangerous amount of
radioactive pollution
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 The fuel used is expensive & difficult to recover
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 The disposal of the products, which are radioactive is a big problem. They have either to be

deposed off in a deep trench or in a sea away from sea shore.
 Maintenance charges are high.

 The cooling water requirements of a nuclear power plants are very heavy. Hence cooling

us
vt

power plants.

ol

towers required for nuclear power plants are larger & costlier than those for conventional steam
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 Selection of site
 Availability of Water Supply
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 Sufficient water is required for cooling etc, therefore the site selected should be nearer to river ,
lake etc
Distance from populated area

ol

 The nuclear plant should be located away from populated area because of the presence of radio

us

activity in the atmosphere near the plant. However as precautionary a dome is used in the plant

vt

which does not allow the radio activity to spread.
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 Transportation Facilities
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 A nuclear plant requires very little fuel, hence it does not require direct rail facilities for fuel

transport. However, transportation to be needed during construction stage.
 Nearness to Load centre

 Plants should be nearer to load centre as possible, in order to reduce transmission costs.

ol

 Availability of Space for Disposal of Waste

us

 The site selected for such power plants should have adequate space & arrangement for the

vt

disposal of radio active waste
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 Type of Land
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 The foundation must be strong enough to support the heavy reactors which may weigh as high
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as 1,00,000 tonnes & impose bearing pressure around 50 tonnes/m2
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 Nuclear Reaction
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 In nuclear reaction we need to consider the interaction between a projectile which may be a
neutron, a proton or an ά particle and a target nucleus which is usually heavy element.
 In nuclear the atomic numbers & mass numbers must balance on both sides of the equation.
 The masses of isotopes do not balance on both sides of the equation do not balance i.e. there is

ol

a increase or decrease in mass between reactants and products.

us

 Thus nuclear reaction is associated with a release or absorption of energy.

vice versa.
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 If there is a decrease in total mass after the reaction, then there will be release of energy and
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 The interaction between projectile and target nucleus may result in elastic scattering, inelastic
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ut
io
n.
in

scattering and capture or absorption.

 If a neutron collides with a nucleus, and the nucleus remains unchanged in its isotopic
composition & the neutron undergoes a change in its direction of motion then the process is
called Scattering.

ol

 If neutron disappears from the system, the process is called Capture or absorption.

us

 Elastic scattering describes a process where the total kinetic energy of the system is

vt

conserved. There is neither release nor absorption of energy, there being only redistribution of
kinetic energy of the colliding particles.
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 Inelastic scattering is a fundamental scattering process in which the kinetic energy of an
incident particle is not conserved
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 There is neither absorption nor release of energy and the identical particles and the ejected
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particles are identical.
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 Nuclear fission process
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 Fission reaction forms the basis of generation of power in a nuclear power station.
 Nuclear fission is the process in which a large nucleus splits into two smaller nuclei with
the release of energy.

 Elements like thorium, uranium & plutonium are fissionable materials.

ol

𝟐𝟑𝟓
𝟐𝟑𝟖
 Uranium occurs in nature in the form of three isotopes : U 𝟐𝟑𝟒
,
U
,
U
, where 92 is
𝟗𝟐
𝟗𝟐
𝟗𝟐

us

atomic number, and 234,235,238 are the atomic mass numbers of element uranium.

vt

 Of the three isotopes, U 𝟐𝟑𝟓
is highly fissionable due to higher fission % . It means that the
𝟗𝟐
atoms of this isotope are amenable to nuclear disintegration by suitable mechanisms.
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is bombarded with a slow moving neutron, nuclear disintegration of the
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 When an atom of U

𝟐𝟑𝟓
𝟗𝟐

atom takes place, and energy is releases in the form of heat. Additionally 2 or 3 neutrons are

also ejected.
1
0

 We have U 𝟐𝟑𝟓
+ n → Energy release + 2 or 3 secondary neutrons
𝟗𝟐

ol

 The release of energy is due to destruction of matter consequent on bombardment. The

us

equivalence of mass & energy is given by

vt

 W = mc˄2, where W = Energy in Joules, M = mass in kilograms, C = Velocity of light
 The above process in which the atom of the uranium element splits up due to its bombardment
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with neutron, is termed as fission reaction.

 Nuclear chain reaction
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We know that U – 235 nucleus when hit by a neutron undergoes the reaction

vt
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U.𝟐𝟑𝟓 + Neutron → Ba.𝟏𝟒𝟏 + Kr .𝟗𝟐 + 3 free Neutrons
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 Each of three neutrons produced in the reaction strikes another U 235 nucleus, thus causing
nine subsequent reactions.
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 These nine reactions, in turn further give rise to twenty seven reactions.
 This process of propagation of the reaction by multiplication in threes at each fission, is
referred to as Chain reaction.

ol

 A chain reaction continues till most of the original nuclei in the given sample are fissioned.

us

 However, it may be noted that all the neutrons are not used for propagating the chain reaction.

vt

 Some of these will be lost to the surroundings.
 Thus for chain reaction to occur, the sample
of the fissionable material should be large
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enough to capture the neutron internally.
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 If the sample is too small, most neutrons will escape from its surface, thereby breaking chain

reaction.

 The minimum mass of fissionable material required to sustain chain reaction is called the
critical mass.

us

vt

times greater energy.

ol

 A chain reaction that consists of innumerable fission reactions will, therefore, generate many
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 Nuclear Energy
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yielding vast amount of energy.
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 A heavy isotope as uranium 235 ( or plutonium 239) can undergo nuclear chain reaction

 The energy releases by the fission of nuclei is called Nuclear fission energy or Nuclear
energy.

ol

 The fission of U 235 or Pu 239 occurs instantaneously producing incomprehensible quantities

us

of energy in the form of heat and radiation.

bombs.
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 If the reaction is uncontrolled, it is accompanied by explosive violence & can be used in atomic

Vtusolution.in

 Nuclear fuels
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 Natural uranium is the parent material.
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 The fuels mainly used are natural uranium (U 235), enriched uranium, plutonium and U 233.

 The materials U 235, U 233 and Pu 239 are called fissionable materials.
 The only fissionable nuclear fuel occurring in nature is uranium, of which 99.3% is U 𝟐𝟑𝟖
𝟗𝟐

ol

𝟐𝟑𝟒
and 0.7% is U 𝟐𝟑𝟓
and
U
is only a trace.
𝟗𝟐
𝟗𝟐

us

 Out of three isotopes only U 𝟐𝟑𝟓
will fission in a chain reaction.
𝟗𝟐
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𝟐𝟑𝟑
𝟐𝟑𝟖
 The other two fissionable materials (Pu 𝟐𝟑𝟗
and
U
)
can
be
produced
artificially
from
U
𝟗𝟒
𝟗𝟐
𝟗𝟐

and Th 𝟐𝟑𝟐
which occur in nature are called fertile
materials.
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 Nuclear Power Plant and Layout
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 The concepts of Nuclear power generation are much similar to that of conventional steam
generation.
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 The difference lies only in the steam generation part i.e coal furnace & Boiler are been replaced
by the Nuclear reactor and Heat exchanger.
 The nuclear power plant consists of a

ol

 Nuclear reactor : For heat generation

vt

reactor.

us

 Heat exchanger : For converting water into steam by using the heat generated in Nuclear

 Followed by steam turbine, alternator, condenser
etc.
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 The reactor and the cooling circuit have to be heavily shielded to eliminate radiation hazards.
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 The tremendous amount of heat energy produced in breaking of atoms uranium or other similar

metals by fission process in an atom reactor is extracted by pumping fluid or molten metal like
liquid sodium or gas through the pile.

 The heated metal or gas is then allowed to exchange its heat to the heat exchanger by

ol

circulation.

us

 In steam generator steam is generator which are utilised to drive the turbine coupled to

vt

alternator thereby generating electrical energy.
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 While deciding the layout of a nuclear power plant due consideration should be given to safety,
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operation convenience & capital economy.

 One of the important operational areas in a reactor building is the charge hall which is used for
refuelling operation.

 The main parts of nuclear power plant are Nuclear reactor, turbine, alternator, hence the layout

ol

is simple.
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for the operation.
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 A main control room is provided in a central location & consists of all necessary equipment's
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 All other ancillary rooms such as charge room, maintenance room, store, machine shop,
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vt

us

ol

ut
io
n.
in

switchyard, railway siding etc are suitably located for convenient operation.

Vtusolution.in

 Nuclear Reactor and its Control
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 Reactor is the part of nuclear power plant where nuclear fuel is subjected to nuclear fission and
the energy released in the process is utilised to heat the coolant which may in turn generate
steam.

 The main function of the reactor is to control the emission and absorption of neutrons.

ol

 The main parts of reactor are

vt

vessel, Biological shield.
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 Reactor core, Moderator, Control rods, Coolant, Reflector, Thermal Shielding, Reactor
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Basic Component
of a Nuclear Reactor
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 Reactor core

Vtusolution.in

ut
io
n.
in

 The reactor core mainly comprises of a number of rods made of fissile materials.
 In a view to have better control of the fission reaction, it is usually to clad the fuel with
aluminium or zirconium or stainless steel.

 The fuel is finely powdered and shaped into a form which facilitates uniform production of

ol

heat.

vt

the reactor.

us

 It is then enclosed inside the cladding material, and the cladded fuel is suitably placed inside
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 Moderator
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chain reaction is sustained.
 The moderator surrounds the fuel rods.
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 The purpose of moderator is to slow down the fast moving secondary neutrons, so that

 As soon as fast moving neutrons are given out, as a result of chain reaction they collide against

ol

the moderator and slow down.

us

 They are now capable of causing further fission, and thus the chain reaction continues.

vt

 Materials used as moderators are ordinary water, heavy water, beryllium and graphite.
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 Control rods
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 Control rods are meant for controlling the rate of fission of U 235.

 Control rods are rods, plates, or tubes containing a neutron absorbing material
 These are made of boron 10, cadmium or hafnium, that absorb some of the slowed neutrons.
 In a reactor, nuclear chain reaction has to be initiated when started from cold, and the chain

ol

reaction is to be maintained at a steady value during the operation of reactor.

us

 Also the reactor must be able to shut down automatically under emergency conditions.
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 All this requires a control of reactor so as to prevent the melting of fuel rods, disintegration of
coolant & destruction of reactor the release of energy is enormous.
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 Chain reaction is controlled either by removing the control rods or by inserting neutron
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absorbing materials.

 The materials used for control rods must have very high absorption capacity for neutrons.
 The control rods are inserted from top of the reactor core from the top of the reactor vessel.
 These rods regulate the fissioning in the reactor by absorbing the excess neutrons.

ol

 These can be moved in and out in the reactor core.

us

 If the fissioning rate of the chain reaction is to be increased, the control rods are moved out

vt

slightly so that they absorb less number of neutrons & vice versa.
Vtusolution.in

 Coolant
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 It is a medium through which the heat generated in the reactor is transferred to the heat
generator for further utilization of power generation.

 If water is used as coolant it takes up heat & gets converted into steam in the reactor which is
directly used for driving the turbine.

ol

 A good coolant should not absorb neutrons, should be non oxidising, non toxic & non corrosive

us

and have high chemical and radiation stability and good heat transfer ability.
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 Gases : Air, helium, hydrogen & CO2
 Liquids : Light & heavy water.
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 Metals : Molten sodium & Lithium are used as coolants.

 Ordinary water is used both as coolant & moderator in Boiling water reactors.
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 Pressurized water is used as coolant & moderator in Pressurized water reactors.

 Water has good thermal capacity and good heat transport medium.
 Liquid metals are used as coolant in fast reactors which have large heat release from, a
small core.

ol

 They have high heat transfer capability & low vapour pressure.

us

 Co2 is colourless & odourless & has low neutron absorption cross section.
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 When dry, it doesn’t react with mild steel of the pressure vessel.
 It reacts with graphite so special steps to be
taken in the design of reactor so as to inhibit
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the reaction between CO2 and graphite.
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 Reflector

Vtusolution.in

ut
io
n.
in

 A neutron reflector is placed around the core and used to avoid the leakage of neutrons from the
core.

 Reflector sends back any slow moving secondary neutron which tries to escape out of the
reactor core .

ol

 The reflector surrounds the reactor core completely.
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as the moderator.
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 It is made of the same material as the moderator, and possesses the same characteristic features

 The reflector helps to conserve the nuclear fuel by preventing the escape of the neutrons.
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 Thermal shielding
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 The shielding is usually constructed from iron and help in giving protection from the
deadly ά and β particle radiations and ϒ rays as well as neutrons given off by the process
of fission with the reactor.

vt

us

ol

 In this manner it gets heated and prevents the reactor wall from getting heated.
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 Reactor vessel
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 The reactor core, reflector and thermal shielding are all enclosed in the main body of the
reactor and is called the reactor vessel.

 It is strong walled container and provides the entrance and exit for the coolant and also
passages for its flow through and around the reactor core.
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 The reactor core is usually placed at the bottom of the vessel.

Vtusolution.in

 Biological shield
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 The whole of the reactor is enclosed in a biological shield to prevent the escape or leak away of
the fast neutrons, slow neutrons, β particles and ϒ rays as theses radiations are very harmful for
living organisms.
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 Lead iron or dense concrete shields are used for this purpose.
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 Reactor control

Vtusolution.in

ut
io
n.
in

 All the plant reactors are provided with the means to regulate the fission process so that
energy is generated according to the load requirements and in emergency reactor can
shutdown immediately.

 Fission control is affected by regulating the neutron population or flux as per power

ol

requirement by providing for absorption of excess neutrons through such substances which

us

have high neutron absorption coefficient. These are called poisons.

rods.
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 Cadmium and Carbon are two such substances which are inserted with the help of adjustable
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 The position of control rods are regulated by electrochemical & electronic sensing objects.
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 We know that all neutrons released are not used in chain reaction but some of these are lost to

surroundings.

 In order to maintain chain reaction, it is essential that the number of neutrons after the fission
should be slightly more than the number before leak of neutrons from reactor core.

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔 𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅 𝒊𝒏 𝒐𝒏𝒆 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒏𝒆𝒖𝒕𝒐𝒏𝒔 𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅 𝒊𝒏 𝒑𝒓𝒆𝒄𝒆𝒅𝒊𝒏𝒈 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏
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K=

us

ol

 The ratio is known as multiplication factor. It is given by
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 Unity value of K indicates that the chain reaction will continue at a steady rate, this is known as
Vtusolution.in
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Critical

 If K is less than unity, the chain reaction will stop and the reaction is called sub critical.
 If K is exceeding unity, the chain reaction will build up and system is called super critical.
 The desirable requirement of power reactors is that the system should be critical i.e K = 1.

ol

 Critical size of a nuclear reactor produces neutrons just enough to balance those lost and

vt
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absorbed and at same time maintains chain reaction.
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 Nuclear reactors may be classified in several ways i.e on basis of their applications, type of
fission, fuel used, state of fuel, fuel cycle, arrangement of fuel and moderator, moderator
material, cooling employed, coolant used etc.
 According to the application

ol

 Research and Development Reactors

vt

 Production

us

 These reactors are used for testing new reactor designs and research.

 For converting fertile materials into fissile materials.
Vtusolution.in

 Power
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 According to type of fission
 Slow reactors
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 These reactors are used for generation of electrical energy.

 Neutron kinetic energy is less than 0.1 eV

ol

 Intermediate reactors

vt

 Fast neutron

us

 Neutron kinetic energy is between 0.1 eV and 0.1 MeV

 Neutron kinetic energy 1 MeV or more.
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 According to type of fuel used

 Enriched uranium
 Plutonium
 According to sate of fuel

us
vt

 Liquid

ol

 Solid
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 Natural uranium
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 According to fuel cycle
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 Burner reactor

 Designed for producing heat only without any recovery of converted fertile material.
 Converter reactor

 Such reactors convert fertile material into fissile material different from the one initially fed

us

 Breeder reactor

ol

into the reactor core.

vt

 Such reactors convert fertile material into fissile material, which is similar top one initially
supplied to the reactor core.
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 A breeder reactor is also which convert fertile material into fissile material at a higher than at
which the fissile material is consumed.
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 Arrangement of fissile and fertile material
 One region
 Fissile and fertile material mixed

ol

 Two region

vt
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 Fissile and fertile material separated
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 Arrangement of fuel and moderator
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 Homogeneous reactor
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 Nuclear fuel and moderator represent uniform mixture in the fluid form, including gases,
liquids and slurries ( mixture of an insoluble substance, as cement, clay with liquid )
 Heterogeneous reactor

us
vt

so called lattice.

ol

 Separate fuel rods are inserted in the moderator in some sort of regular arrangement forming a
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 Moderator material
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 Heavy water

 Graphite
 Ordinary water
 Beryllium

vt

us

ol

 Organic reactors
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 On basis of coolant used

 Heavy water
 Liquid metal reactors

 Direct

us

 On basis of cooling system
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 Water

ol

 Gas
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 The liquid fuel circulated from the reactor to heat exchanger where steam is generated.
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 Indirect
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 Coolant passed through the reactor and then through the heat exchanger for steam generation
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 Power reactors in common use

 Pressurized Water Reactor
 Gas Cooled Reactor
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 Boiling Water Reactor
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 Fast Breeder Reactor

us

 Liquid Metal Cooled Reactors

ol

 Heavy Water Cooled and Moderated ( CANDU TYPE ) Reactor
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 Boiling Water Reactor
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us

ol
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 This is the simplest type of water reactor
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 Fuel used is enriched uranium oxide.
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 It has a steel pressure vessel surrounded by a concrete shield.

 Ordinary water is used both as moderator and coolant.
 The steam is generated in reactor itself.

ol

 Feed water enters the reactor vessel at the bottom and takes the heat produced due to fission of

us

fuel and gets converted into steam

to the reactor.
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 This steam leaves the reactor at the top and after passing through turbine and condenser returns
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 Uranium fuel elements are arranged in a particular lattice form inside the pressure vessel
containing water.
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 A BWR assembly comprises 90-100 fuel rods and there are up to 750 assemblies in a core
holding up to 140 tonnes of uranium.
 Advantages

ol

 This includes small size pressure vessel, high steam pressure, simple construction &

vt
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elimination of heat exchanger resulting in reduction in cost & gain in thermal efficiency.

Vtusolution.in

 Disadvantages
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 In view of direct cycle there is a danger of radioactive contamination of steam, therefore more

safety measures are provided for piping and turbine.
 It cannot meet sudden increase in load.

 Because of the danger of small amounts of fissile materials passing through along with the

vt

us

ol

coolant more biological protection is needed.
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 Pressurized Water Reactor


vt

us

ol
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 It is a thermal reactor, using enriched uranium oxide, clad in zircalloy and the pressure vessel is
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of steel.

 A PWR has fuel assemblies of 200 – 300 rods each, arranged vertically in the core.
 Pressurized water is used as Coolant and Moderator.

 The pressure vessel and the heat exchanger are surrounded by a concrete shield.

ol

 In a PWR, the primary coolant ( Water) is pumped under high pressure to the reactor core

us

where it is heated by the energy released by the fission of atoms.

vt

 The heated water then flows to a steam generator where it transfers its thermal energy to a
secondary system where steam is generated
and flows to turbines
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 The steam is condensed in the condenser and the condensate returns to heat exchanger forming
a closed circuit.

 Advantages
 Compactness
 Possibility of breeding plutonium
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us

 Disadvantages

vt

 High power density

ol

 Water can be used as coolant and moderator

 High losses from heat exchanger
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 Formation of low temperature steam (250 C )
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 High power consumption by auxiliaries

 Use of high pressure water system. So a strong pressure vessel is required which results in high

vt

us

ol

cost.
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 Gas Cooled Reactors
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ol
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 This reactor uses Uranium dioxide as fuel.
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 This type of reactor employs a gas (CO2 or helium ) in place of water as the coolant and

Graphite as moderator.

 A heat exchanger is necessarily required.

 Gas is circulated through the reactor core and the heat exchanger by means of a blower or gas

ol

compressor.

us

 The steam pressure is around 150 atmosphere and temperature around 550 C.

vt

 The tubes in the heat exchanger through which water is circulated should have fins on their
surface so as to improve the rate of heat transfer.
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 Advantages
 Less severe corrosion problems
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 Greater safety in comparison with water cooled reactors.
 Contamination problems are moderate.
 Disadvantages

us

 Extremely low power density.

ol

 Relatively large size of reactor because of use of natural fuel and graphite moderator.

vt

 Low steam pressure and temperature.
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 Heavy Water Cooled and Moderated ( CANDU
Vtusolution.in TYPE ) Reactor
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 Heavy Water Cooled and Moderated Reactor ( CANDU TYPE )
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 The word CANDU stands for Canadian Deuterium Uranium.

 These reactors make use heavy water composed of the heavy hydrogen isotope, as
moderator to have maximum neutron economy and as coolant also.
 It is used in countries where enriched uranium is not available.

ol

 The primary and secondary circuits are similar to PWR.

us

 The coolant heavy water is circulated in the primary circuit and the steam is produced in

vt

secondary circuit transferring the heat in the heat exchanger.
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 Advantages
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 Low fuel consumption.

ut
io
n.
in

 Simpler reactor control because absence of fuel rods.

 Disadvantages
 Heavy cost of heavy water

vt
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 Very high standard design.
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 More effective in slowing down the neutrons because moderator being at low temperature.
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 Liquid Metal Fuelled Reactor ( Sodium
Graphite Reactor )
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 A liquid metal fuelled reactor which uses liquid metal fuel i.e uranium in sodium, graphite
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as moderator and sodium as coolant.

 The reactor core, with graphite moderator, has the liquid metal fuel passing through it and
through a heat exchanger.

to a separate heat exchanger.

ol

 The core is surrounded by a blanket of fertile material through which a separate coolant passes

us

 It is necessary to have primary and secondary heat exchanger.
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 The primary heat exchanger is a sodium – NaK liquid metal heat exchanger.
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 The secondary heat exchanger is sodium water heat exchanger.
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and is fed to steam turbine.
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 Thus in second heat exchanger, sodium gives up heat to water which gets converted into steam
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 Fast Breeder Reactor
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 A fast breeder reactor is a small vessel in which the required quantity of enriched uranium or
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plutonium is kept without a moderator.

 The fissionable fuel core is surrounded by a blanket of fertile material ( U 238 or Th 232 )
 The fertile material absorbs neutrons produced by the fissioning of U 235 and produces

 Two heat exchangers are used.

ol

fissile material Pu 239 or U 233 respectively..

us

 The reactor core is cooled by liquid metal.
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 In the second heat exchanger the coolant is again liquid sodium/ potassium which transfer
heat to feed water to generate steam
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 In fast breeder reactors neutron shielding is provided by using boron, light water, oil or
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graphite.

 Gamma ray shielding is accomplished by lead, concrete with added barium etc.
 The power density in a fast breeder reactor is considerably higher than in normal
reactors.

ol

 Therefore, liquid sodium, which is an efficient coolant and does not moderate neutrons is used

us

to take away heat produced in the core.

about 28%

vt

 The efficiency obtained with liquid sodium is about 42%, whereas with other coolants it is
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 Effects of Nuclear Plants
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 In nuclear power stations, the combustion fuel is low.
 Harmful effluents from such power stations in the atmosphere are too small.
 However, isotopes formed in nuclear power reactors have a high toxicity and their effect on
living organisms may gradually increase.

ol

 That is why, the problems of disposal, transport and storage of liquid radioactive waste are
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more significant.
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 A nuclear reactor produces ά rays, β rays and ϒ rays and neutrons which can disturb
normal working of living organisms
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 ά rays are heavy particles carrying positive charge and can internal hazard.
 β rays have greater penetrating power, as compared to ά rays due to smaller size. Over
expose they may cause skin problems.

ol

 ϒ rays are electromagnetic radiations of very short wave length, have high energy and are

vt
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very penetrating they cause damage to organic materials.
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 The biological effects of nuclear radiation depends on
 Amount of dose absorbed

 Time duration of exposure
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 Sensitivity and recovery of recipient organism
 Distribution of active material within body.

ol

 Nuclear power stations are surrounded by a sanitary protective zone to minimize the risk of

vt
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irradiation of population within such zone.

Vtusolution.in

 In nuclear power plants, there are three main sources of radioactive contaminating the air.
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 The first source is fission of nuclei of solid or gaseous nuclear fuels.

 Gaseous fission fragments which move likely to enter the air include inert gases, such as
Xenon, Crypton etc and radioactive iodine.

system and on ambient air.

ol

 The second source is due to effort of neutron fluxes on the heat carrier in primary cooling

us

 Among the components of air, an inert gas, argon-40 is most prone to activation.

vt

 The third source is damage of shells of fuel elements or in the presence of activated inert
gases and aerosols in heat carrier leakages.
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 Disposal of nuclear waste and effluent
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 Solid radioactive wastes arise from used filters, sludge from the cooling ponds, pieces of

discarded fuel element cans, splitters etc.

 These discarded items of plants such as control rods have to be stored on site in shielded

concrete vaults.

ol

 The storing in shielded storage vaults consists of fixing the solid waste in borosilicate glass

us

and then storage of this glass in leak tight capsules.

stable ocean floor.
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 These capsules or vaults cab then be stored in deep salt mines or in deep wells drilled in the
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 Sometimes, suitable containers are filled with radioactive waste and sunk to the bottom of
seas and oceans.
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 Another way of disposal is the separation and transmutation of the long lived isotopes to
short-lived or stable products following neutron absorption in a breeder or fusion reactor.
 It is safe enough to store radioactive waste underground in liquid form in suitable tanks or in

ol

reduction to clinker ( Stony residue )

vt

waste.
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 Clinkering serves a two fold purpose of improving the protection and reducing the volume of

Vtusolution.in

 One more method is “solidifying” the liquid radioactive waste through heat up and
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evaporation.

 Gaseous effluents are filtered before discharging into atmosphere. Moreover, the filtered gas is
discharged at high levels so that it is dispersed properly.

ol

 The probability of fire in the reactor fuel channel is extremely low. However, if fire breaks out,

us

large volumes of gaseous fission products may be released.

vt

 So it is necessary to have a clean up plant through which theses products can be passed for
removal of radioactive iodine which is the
major hazard.
Vtusolution.in

 Shielding
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 Adequate shielding is necessary to guard personnel and delicate instruments.
 The various materials used for shielding are lead, concrete, steel and cadmium.
 Lead is a common shielding material and is invariably employed due to its low cost.
 Concrete is another shielding material having efficiency lesser than that of lead.

ol

 Steel is not an efficient shielding material but has good structural properties and is sometimes

us

employed as an attenuating shield.
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 Cadmium is capable of absorbing slow neutrons by a nuclear reaction.
 A material containing hydrogen e.g water or polythene is used to slow down fast neutrons,
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 Boron or steel is employed for absorption of thermal neutrons.
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 A heavy material like lead is required to act as a thermal shield and absorb gamma rays.

 In nuclear power reactors a thermal shield of thickness of several cms of steel surrounded by

vt

us

ol

about 3 m thick concrete is used.
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SUBSTATIONS
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 Introduction to Substation
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 A substation is a part of an electrical generation, transmission, and distribution system.
 Substations transform voltage from high to low, or the reverse, or perform any of several other
important functions.

 Between the generating station and consumer, electric power may flow through several

ol

substations at different voltage levels.

us

 A substation may include transformers to change voltage levels between high transmission
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voltages and lower distribution voltages, or at the interconnection of two different
transmission voltages.
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 Some substations are simply switching stations where different connections between various
transmission lines are made.
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 The other stations are converting stations which either convert ac into dc or vice versa or
convert frequency from higher to lower or vice versa.

 Substations include safety devices to disconnect the equipment or circuit in the event of fault.
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 Voltage on the outgoing distribution feeders can be regulated at substation.
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 Transformers
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 A transformer is a static device which transforms electric power from one circuit to another
circuit without the change in frequency. It depends on Faraday’s Law of Electromagnetic
Induction.

 Step up transformer : A transformer in which the output (secondary) voltage is greater than its
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input (primary) voltage is called a step-up transformer.
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 Step down transformer : A transformer in which the output (secondary) voltage is less than its
Vtusolution.in
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input (primary) voltage is called a step-down transformer.
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 High Voltage Fuses
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opening the circuit.
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 A fuse is a circuit element designed to melt when the current exceeds some limit, thereby

 High voltage fuses can be used in modern high voltage circuits.
 Types of high voltage fuses are

ol

 Cartridge type

vt

 Metal clad fuses

us

 Liquid type
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 Cartridge fuse
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 An electric fuse in which the link is enclosed in a cartridge
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 They are used upto 33KV with breaking capacity of about 8700 A at that voltage.
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 Liquid fuse
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 These are filled with carbon tetrachloride & have the widest range of application to h.v system.
 They may be used for circuits up to about 100 A rated current on systems up to 132 KV and
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may have breaking capacities of the order of 6100 A.
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 Metal clad fuses
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 These fuses can be used for very high voltage circuits and operate most satisfactorily under
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short circuit conditions approaching their rated capacity.
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 High Voltage Circuit Breakers
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 Circuit Breaker

Vtusolution.in

 A circuit breaker is an automatically operated electrical switch designed to protect
an electrical circuit from damage caused by excess current, typically resulting from
an overload or short circuit.

ol

 Its basic function is to interrupt current flow after a fault is detected.

us

 Unlike a fuse which operates once and then must be replaced, a circuit breaker can be reset
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(either manually or automatically) to resume normal operation.
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 Oil Circuit Breaker

 There are two types

vt

 Bulk oil circuit breaker

us

 It is designed for 11KV – 765 KV.

 Minimum oil circuit breaker
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 Vacuum Circuit Breaker
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 It is designed for medium voltage range ( 3.3 – 33KV )
 This consists of vacuum of pressure inside arc extinction chamber.
 SF6 Circuit Breaker

 In such circuit breakers, sulphur hexafluoride gas is used as the arc quenching medium.

us

 Air Blast Circuit Breakers

ol

 It is designed to operate at 138 kV 230 kV
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 These breakers employ a high pressure air blast as an arc quenching medium.
 They can operate at rated voltage higher than 52 kV.
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 Protective Relaying
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 A protective relay is a device that detects the fault and initiates the operation of the circuit

breaker to isolate the defective element from the rest of the system.
 The relays detect the abnormal conditions in the electrical circuits by constantly measuring
the electrical quantities which are different under normal & fault conditions.

ol

 Electrical quantities which may change in fault conditions are V, I, frequency & phase angle.

us

 Having fault detected the fault, the relay operates to close the trip circuit of the breaker.
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 This results in the opening of the breaker & disconnection of the faulty circuit.
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 High Voltage Disconnect Switches
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 Disconnect switches rapidly disconnect circuits from power supplies in the event of an
emergency.

 Disconnect switches can function in conjunction with circuit breakers, devices which interrupt
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the flow of electricity along a circuit when the current exceeds the circuit’s capacity.
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 Lightning arrestors
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 The substation equipment's such as conductors, transformers, etc., are always erected outdoor.

 Whenever light surges occur then, a high-voltage pass through these electrical components
causing damage to them.

 Therefore, to avoid this difficulty, lightening arresters are placed to pass the entire lightening

ol

surges to earth.
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 A lightning arrester is a device used on electrical power system and telecommunications systems
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to protect the insulation and conductors of the system from the damaging effects of lightning
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 An electrical insulator is a material whose internal electric charges do not flow freely very
little electric current will flow through it under the influence of an electric field.

 Insulators

used

for

high-voltage

power

from glass, porcelain or composite polymer materials.

us

 Pin type insulator

ol

 Types of insulators

 Strain insulators
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 Suspension Type insulator
 Shackle insulators
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transmission

are

made

 Pin type insulator
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 A Pin Insulator is a device that isolates a wire from a physical support such as a pin on a
telegraph or utility pole.
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 They are used for transmission and distribution of electric power at voltages upto 33 KV.
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 Suspension type insulator
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 For high voltages (>33 kV), it is a usual practice to use suspension type insulators shown in

Figure. consist of a number of porcelain discs connected in series by metal links in the form of
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a string
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 Strain insulators
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 A strain insulator is an electrical insulator that is designed to work in mechanical tension
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(strain), to withstand the pull of a suspended electrical wire or cable.
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 Shackle insulators
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 Shackle type insulators are similar to strain insulators, are used on sharp curves, end poles and

section poles.
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 They are designed to support lower voltages.

Vtusolution.in
NKR

 Conductors
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 The material or object that obeys the electrical property conductance (mostly made of metals

such as aluminium and copper) and that allows the flow of electric charge is called conductor.
 Conductors which carry electric power from the sending end station to the receiving end
station.

us

properties

ol

 The conductor used for transmission and distribution of electric power should have following
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 High electrical conductivity

 Low cost so that it can be used for long distances.
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 The most commonly used conductor materials for overhead lines are copper, aluminium, steel
Vtusolution.in

vt

us

ol

ut
io
n.
in

cored aluminium, galvanised steel and cadmium copper.
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 Voltage Regulators
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 Voltage regulators can be found both at the substation and out on distribution lines to help

maintain a constant voltage level along the entire feeder.

 They are used especially on extra-long distribution feeders.

 They raise or lower the voltage on the distribution line to provide a more or less constant
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voltage as the amount of load on the line changes.
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 Storage Batteries
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 The operation of monitoring devices such as relays and the tripping mechanisms of

breakers require an independent power source, which does not vary with main source
being monitored.

 Batteries provide this power source for the successful operation of switching and control

ol

devices in power protection system.
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 They use lead-acid batteries and NiCad batteries.
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 Reactors
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 A reactor is an inductor wired between a power source and a load.

 Suppose there is an short circuit in transmission line it limits the short circuit current to safer
value which prevents the connected equipment i.e circuit breaker or transformer.
 They limit the flow of short circuit current and thus protect the device from overheating as

ol

well as from failure due to destructive mechanical forces.
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 They permit the installation of circuit breakers of lower rating.
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 Capacitor banks
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 A Capacitor bank is a set of many identical capacitors connected in series or parallel within

a enclosure and is used for the power factor correction and basic protection of substation.
 These capacitor banks are acts as a source of reactive power, and thus, the phase difference
between voltage and current can be reduced by the capacitor banks.

us

in the power system.

ol

 They will increase the ripple current capacity of the supply. It avoids undesirable characteristics

lag problems.
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 It is the most economical method for maintaining power factor and of correction of the power
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 Measuring Instruments
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 Instrument Transformer

• The current and voltage transformers are together called as the Instrument transformers.

ol

 Current Transformers

us

 Current transformer is used for the measurement of the alternating current by taking samples
of the higher currents of the system.
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 These are used for installation and maintenance of the current relays in substations for
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protection purpose which are normally have
ratings for their operation.

 Potential Transformers
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 Potential transformer is quite similar to the current transformer, but it is used for taking

samples of high voltages of a system for providing low-voltage to the relays of protection
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system and also to the low-rating meters for voltage measurement.
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 Power line carrier communication equipment
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 For large Power System Power Line Carrier Communication is used for data transmission as
well as protection of Transmission Lines.

 Carrier current used for Power Line carrier Communication has a frequency range of 80 to 500
kHz.

ol

 Power Line Carrier Communication is used for the Carrier Tripping and Direct Tripping in case

us

of Distance Protection.
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 Distance protection relay in relay panel at one end of the transmission line gets the input from
CT and CVT in line.
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 The output of relay goes to modem of PLCC which in turn is received by the PLCC system at
remote end substation.
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 For communication between the two substations, each end of transmission line is provided with
identical PLCC equipment consisting of equipment:
 Transmitters and Receivers

 Power Amplifier

us

 Wave Traps

vt

 Line Matching Unit

ol

 Hybrids and Filters
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 Isolator
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 Circuit Breaker always trip the circuit but open contacts of breaker cannot be visible physically

 So for better safety there must be some arrangement so that one can see open condition of the
section of the circuit before touching it.

ol

 Isolator is a mechanical switch which isolates a part of circuit from system as when required.

us

 Electrical isolators separate a part of the system from rest for safe maintenance works.

power.

vt

 Isolator is a manually operated mechanical switch which separates a part of the electrical
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 Classification of Substation

 Outdoor type substation
 Indoor type substation
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 Indoor type substation
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 In these substations the apparatus is installed within the substation building.

ol

 Such substation are usually for a voltage up to 11KV but can be erected for 33KV and

us

66KV volts when surrounding atmosphere is contaminated with impurities such as metal

vt

corroding gases and fumes, conductive dust etc.
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 The switchgear on supply will consist of oil circuit breaker.
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 The high voltage supply is given to the primary of the transformer through circuit breaker.

 From the bus bar various feeders emerge out.

 Feeder consists of an isolator switch & circuit breaker. In addition to it is provided with
measuring instruments.

ol

 For protection of feeder usually reverse power relay.

vt
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 For protection of oil filled transformer with conservator tanks Buchholz relay’s is used.
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 The auxiliaries of the indoor type of substations are
 Storage batteries
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 Fire fighting equipment such as water buckets, fire extinguishers
o The batteries are used for the
 Operation of the protective gear

vt

us

ol

 Emergency lighting in substations in case of failure of supply.
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 The several compartments in which the indoor substation is divided are
 Control compartment
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 Indicating and metering instruments
 Protective device compartment

 Circuit breaker and operating mechanism compartment

ol

 Main bus compartment

us

 Current transformer and cable sealing box compartment

vt

• Indoor distribution & transformer substations as well as high switchboards consist of a
series of open and enclosed chambers or compartments.
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 According to construction indoor distribution transformer substations & high voltage
switchboards are further divided into following categories.
 Substations of the integrally built type

ol

 The apparatus is installed on site. In such substations the cell structure are constructed of

vt

us

concrete.
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 Substations of the Composite build up type
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 The compartments of such substations take form of metal cabinets or enclosures, each of which

contains the equipment of one main connection cell.

 Unit type factory fabricated substations and metal clad switchboards
 This will be designed with the metal clad cubicles

us

 Control compartment

ol

 There will be a several compartments and cubicle is divided into

vt

 Circuit breaker and operating mechanism compartment
 Current transformer and cable sealing box
compartment
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us

ol
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 Outdoor Substations
 Pole Mounted Substations

 Foundation Mounted Substations
 Pole Mounted Substations
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 These substations are erected for mounting distribution transformers of capacity up to 250

ol

KVA.

us

 They are cheapest, simple & smallest of substations.

vt

 All the equipment is mounted on the supporting structure of ht distribution line.
 Triple pole mechanical operated switch is Vtusolution.in
used
for switching on & off of ht transmission line.
NKR

 HT fuse is installed for protection of ht side
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 Lightning arrestors are installed over the ht line to protect the transformers from surges.

 Transformers of capacity up to 125KVA are mounted on double pole structure.
 Transformers of capacity above 125 KVA & below 250 KVA are mounted on 4 pole structure.

vt

us

ol

 The maintenance cost of theses substations is low.
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ol
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 Foundation Mounted Substations
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 Theses substations are entirely in the open and in such substations all the equipment is

assembled into one unit usually enclosed by a fence from the point of view of safety.
 The primary and secondary transmission and for secondary distribution (above 250 KVA
) are foundation mounted outdoor type.

ol

 The equipment's are heavy for such substations, therefore site selected for theses substations

us

must have good access for heavy transport.

vt

 They may be of two types low type and high type.
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 Advantages and Disadvantages of Outdoor Substations Over Indoor substations
Vtusolution.in
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 Advantages

 All the equipment is within view and therefore fault location is easier.
 The extension of the installation is easier
 The small amount of building materials

is low.

vt

 Repairing work is easy.

us

ol

 The construction work required is comparatively smaller and cost of the switchgear installation

 Sufficient space between equipment's
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 Disadvantages
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 More space is required for the substation

 Protection devices are required to be installed for protection against lightning surges.
 The length of control cable required is more.

 Since the equipment's are exposed to the atmosphere, there would be accumulation of dust and

ol

dirt on them.

vt

us

 During the rainy season, switching operations may be difficult.
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 Selection and Site for Substation
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 Type of Substation

Vtusolution.in

 The category of substation is important for its location

 Step up substation, which is generally a point where power from various sources is pooled
and stepped up for long distance transmission should be located as close to the generating

ol

stations as possible to minimize the transmission losses.

us

 Step down substation should be located nearer to the load centre to reduce transmission

vt

losses, cost of distribution system and reliability of supply.
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 Availability of Suitable and Sufficient Land
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 The land proposed for a substation should be normally level and open from all sides

 It should not be normally level and open from all sides.

 According to the latest practice the land required for various types of substation is given below
 Type of Substation

Area Required
50 acres
25 acres
10 acres

vt

 132 KV Substation

us

 220 KV Substation

ol

 400 KV Substation
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 Communication Facility
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 Suitable communication facility is desirable at a proposed substation both during and after its

construction.

 Therefore to select the site along side on existing road to facilitate an easier and cheaper
transportation.

ol

 Atmospheric pollution

us

 Substations should not be located near to factories because it will produce metal corroding

vt

gases, air fumes, conductive dust etc.
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 Availability of essential Amenities To The Staff

Vtusolution.in

vt

us

ol

drinking water, housing etc.
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 The site should be such where staff can be provided essential amenities like school, hospital,
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 Bus Bar arrangement

Vtusolution.in

ut
io
n.
in

 The bus bar arrangement scheme depends upon different factors such as voltage, position of

substation in the system, reliability of supply, flexibility and cost.
o The other technical considerations are
 Arrangement should be simple

ol

 Maintenance possibility without interruption of supply

us

 Provision of extension with load growth

vt

 The installation should be economical

 Availability of alternative arrangements inVtusolution.in
theN Kevent
of outage of any of the apparatus
R

 Bus bar arrangement scheme
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 Single Bus bar Arrangement
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 Single Bus bar Arrangement with Bus Sectionalisation
 Main and Transfer Bus Arrangement

 Double Bus Double Breaker Arrangement

ol

 Sectionalized Double Bus Arrangement

us

 One and a Half Breaker Arrangement

vt

 Ring Main Arrangement
 Mesh Arrangement

Vtusolution.in
NKR

 Single bus bar arrangement

vt

us

ol
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 This is the simplest arrangement consisting of a single set of bus bars for the full length of the
Vtusolution.in
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switchboard and to this set of bus bars are connected all the generators, transformers and

feeders.

 The chief advantages of such a bus bar arrangement are low initial cost, less maintenance and
simple operation.

ol

 Drawback

us

 In this system if fault occurs, whole system is affected.

vt

 Moreover, when maintenance is to be carried out on any of the feeder sections or on a part of
bus bar the whole supply is to be disrupted.
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 Single bus bar arrangement with bus sectionalisation
Vtusolution.in
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 The bus bar may be sectionalized by a circuit breaker and isolating switches so that a fault
Vtusolution.in
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on one part does not cause a complete shutdown.

 In large generating stations, where several units are installed, it is common practice to
sectionalize the bus.

 In a sectionalized bus bar arrangement only one additional circuit breaker is required which

us

 Advantages

ol

does not cost much in comparison to the total cost of bus bar.

vt

 In the event of occurrence of fault on any section of bus bar, the faulty section can be isolated
without affecting the supply of other section.
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 One section can be completely shutdown maintenance and repairs without affecting the supply
Vtusolution.in
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of the other section.
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 Main and Transfer Bus Arrangement

Vtusolution.in
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maintenance without shut down.
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 This arrangement provides additional flexibility
Vtusolution.incontinuity of supply and allows periodic

 This arrangement is suitable for highly interconnected power network in which flexibility is
important.

 This arrangement consists of two bus bars known as, Main bus bar and Transfer bus bar used

ol

as an auxiliary bus bar.

us

 Generator and feeder is connected to either bus bar with the help of bus coupler which

vt

consists of a circuit breakers and isolating switches.

Vtusolution.in
NKR

 In this arrangement bus coupler is usually used to change over from one bus bar to other can be
carried under load conditions

Advantages
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 It permits some flexibility with two operating buses

 Either bus 1 or bus 2 may be isolated for maintenance.

us

Disadvantages

ol

 The maintenance cost of substation is lowered & Bus potential can be used for relays

vt

 One extra breaker is required and Four isolators are required per circuit
 High exposure to bus fault
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 Double Bus Double Breaker Arrangement
Vtusolution.in
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 In very important power stations two circuit breakers are employed for each circuit
Vtusolution.in
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 Such a bus bar arrangement does not require any bus coupler and permits switch over

from one bus to other whenever desired, without interruption.

 This arrangement provides maximum flexibility and reliability as the faults and maintenance
interrupt the supply to minimum.

us

 Cost is high

vt

circuit breaker easily.

ol

 A circuit breaker can be opened for repairs and usual checks and load can be shifted to other
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 Sectionalized Double Bus Arrangement
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 In this bus bar arrangement duplicate bus bar are used with the main bus bar in section
connected through bus coupler.
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 In this arrangement any section of bus bar can be isolated for maintenance while any section

vt

us

ol

may be synchronized with any other through the auxiliary bus bar.
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 One and a Half Breaker Arrangement
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 This is an improvement over double bus breaker arrangement and it affects saving in the
number of circuit breakers.
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 This arrangement needs three circuit breaker for two circuits.
 The number of circuit breaker per circuit comes out to be

𝟏
1
𝟐

hence the name.

ol

 This arrangement is preferred in important large stations where power handled per circuit is

us

more.

vt

 This arrangement provides high security against loss of supply as a fault in a bus.
 Possibility of addition of the circuit is an advantage in this arrangement.
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 Ring Main Arrangement
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 This is an extension of the sectionalized bus bar arrangement where the ends of the bus bar
are returned on themselves.
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 This arrangement provides greater flexibility as each feeder is supplied by two paths, so that
the failure of a section does not cause any interruption of the supply.
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 Circuit breakers can be maintained without interrupting the supply.
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 Mesh arrangement
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 In this bus bar arrangement the circuit breakers are installed in the mesh formed by the
Vtusolution.in
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buses.

 Eight circuits will be controlled by four circuit breakers.

 When fault occurs on any section two circuit breakers have to open, resulting in opening of the
mesh

vt
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 This arrangement provides security against bus bar faults but lacks switching facility.
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 Interconnection of power stations

Vtusolution.in
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 The connection of various generating stations in parallel is called interconnection of power

stations.

 We have seen that the load on the power station is never constant but keeps on changing with
time. This load can be subdivided into two parts i.e i) Base load ii) Peak load

ol

 The fixed load which occurs almost whole day on the plant is called base load.

vt

peak load.

us

 The various peak demands of the load over and above base load of the power plant is called
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 Now if such load curve is to be met by a single unit then its installed capacity should be equal
to peak load demand or even more.
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 As peak load occurs for short duration such solution is not economical.
 Thus by interconnection of various power stations of different types, some station will supply
base load while some other stations will supply peak load.

us

continuously for long periods

ol

 The power plant which are working as base load should be capable of working

vt

 The peak load power plants should be capable of quick start, fast synchronization, quick
taking of load and fast response to load Vtusolution.in
variations.
NKR

 Advantages

Vtusolution.in
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 If the 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.
 The interconnected system makes it possible to use the older and less efficient plants to carry
peak loads of short duration.

us

at peak hours only.

ol

 It is possible to run most effective units at higher load factor and inefficient station can be used

vt

 It also increases reliability of system.
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 Disadvantages
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 Fault in one system gets transferred to other part of the system

 High switchgear rating is to be employed at different parts of the system.
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 Proper management is required to dispatch them.
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 Introduction to Gas Insulated Substations
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 Conventional substation requires small installation size, protection against atmosphere

pollution and moisture, noiseless operation, flame resistant etc.

 In Gas insulated substations the substation equipment such as bus bars, circuit breakers,
current transformer, potential transformers and other substation equipment are placed

ol

inside SF6 modules filled with SF6 gas.

us

 SF6 gas which has high dielectric property acts as insulating medium to the High Voltage or

vt

Extra High Voltage substation equipment.
 GIS are indoor type as it requires 1/10th of the space required for conventional substation
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 Advantages
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 Most reliable compared to Air Insulated Substations, number of outages due to the fault is less

 GIS has small ground space requirements
 Easy maintenance

 Less field erection time and less erection cost.

vt
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 For fast growing cities where land availability is costlier.
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 Disadvantages
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 Cost is higher compared to Ordinary Conventional Substations

 Care should be taken that no dust particles enter into the live compartments which results in
flash overs

 When fault occurs internally, diagnosis of the fault and rectifying this takes very long time

ol

 SF6 gas pressure must be monitored in each compartment, reduction in the pressure of the SF6

vt
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gas in any module results in flash overs and faults
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 Grounding
 Introduction
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 Due to defective electrical apparatus and some other reasons, electricity causes electric shock
hazards for human being.

 Therefore, it is common practice to connect the electric supply system to the ground at

ol

suitable points.

us

 Grounding is the major concern to increase the reliability of supply service, as it provides

vt

stability of voltage conditions, prevents excessive voltage peaks during the disturbances.
 Grounding also a measure of protection against lightning.
Vtusolution.in
NKR

 Grounded System
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 Grounded systems are equipped with a grounded conductor.

 The grounded conductor can be used as a current-carrying conductor to accommodate all
neutral related loads

 It can also be used as an equipment grounding conductor to clear ground faults

ol

 A network of equipment grounding conductors is routed from the service equipment enclosure

us

to all metal enclosures throughout the electrical system.

vt

 The equipment grounding conductor carries fault currents from the point of the fault to the
grounded bus in the service equipment where it is transferred to the grounded conductor.
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 The grounded conductor carries the fault current back to the source and returns over the faulted
Vtusolution.in
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phase and trips open the overcurrent protection device.
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 Ungrounded system
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 Ungrounded systems operate without a grounded conductor.

 A temporary fault creates an arc between an overhead line and ground.
 Arcing ground is the surge, which is produced if the neutral is not connected to the earth.

 The phenomenon of arcing ground occurs in the ungrounded three-phase systems because of

vt
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the flow of the capacitance current.
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 When there is no fault, the inherent distributed capacitances of the line get charged to the
respective phase voltages.
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 The charged capacitances of phase c get discharged through the fault F between phase c and
ground.

 Theses capacitances again gets charges in opposite direction and again discharged.

ol

 Such repeated charging and discharging is called Arcing grounds.

us

 This produces severe voltage oscillations reaching three to four times of normal voltage.

vt

 This problem can be solved by earthing the neutral through peterson coil or arc suppression
coil connected between neutral and earth. Vtusolution.in
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 When a fault occurs in a phase of line, the voltage of healthy phases of line is increased to √3
times of the phase voltages.
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 This causes severe stress on the insulation of the equipment's connected to the system.
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Ungrounded System
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• Arcing ground is eliminated

• If failure to single phase to ground fault the
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• Detecting the location of fault is easy

system can continue without interruption.

• Insulation of equipment is designed to phase
to neutral voltage

• Phase to ground fault current is low

ol

• No need to invest on protective equipment

us

• High voltage due to transient line to ground
fault is eliminated

.

Grounded System

• Due to absence of zero sequence current, the

radio interference is minimized

vt

• Earth fault protection can be used easily
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 Solid Grounding
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 A power system is said to be effectively grounded or solidly grounded when the neutral of

a generator, power transformer or grounding transformer are directly connected to the
ground through a conductor of negligible resistance and reactance.
 Due to line to ground fault on any phase, the potential of that phase becomes the neutral

vt

us

ol

potential whereas the potential of healthy phases remains approximately unchanged.
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 Consider a system having three phases a, b and c as shown in the figure.
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 If the single-ground-fault occur in phase a the voltage of the phase becomes zero.

 However, the remaining two phases b and c will still have the same voltages as before shown in
the figure below.

also feeds the fault current.

ol

 When the fault occurs in the system, in addition to the charging current the power source

us

 For the solidly neutral grounded system, it is necessary that the ground fault current should not

limits.

vt

exceed 80% of the three-phase fault. It is usually used for keeping the fault current within safe
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 Resistance grounding
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 In resistance grounding the neutral point is connected with resistance.

 Resistance Grounding Systems limits the phase-to-ground fault currents.
 To limit the fault current, high resistance is used which saves the power loss and improves the
stability of the system during the fault.

ol

 In resistance grounding systems, the power loss during the line to ground faults is the main

us

consideration.
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 The resistance value will be set, such that the fault current is limited to the full rating of the
generator or transformer.
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R=

𝑉𝑙𝑙
3𝐼

I = Full load current of the largest machines in amperes

 Peterson gave the formula for the most favourable value of resistor
R = (2.0 to 1.25 )

1
𝐶𝑎+𝐶𝑏+𝐶𝑐
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Ca, Cb, Cc are the capacitances of each phase to earth.
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 Reactance Grounding
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 Between the voltage 3.3 KV and 22 KV, the solid grounding is not used due to excessive

fault current and therefore resistance or reactance grounding must be used.
 The reactance connected between neutral and ground provides the lagging current which
neutralize the capacitive current.

ol

 Whenever the charging current is high such as for cables, EHV transmission lines, capacitors

us

etc the reactance grounding is used.
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 The reactance grounding lies between the solid grounding and resonant grounding
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 Resonant Grounding
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ol
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 If the fault current 𝑰𝒇 is equal to 3𝑰𝒄 there is no arc is maintained and arc is extinguished.

us

 The per phase charging current is Ic

Ic = Vph ωC

vt

 Vph = Phase voltage before the fault
 C = Charging capacitance
NKR
 The total charging current after fault is 3IcVtusolution.in

Consider L is the inductance to be connected between neutral point and earth
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𝐼𝑓 =

𝑉𝑝ℎ
ω𝐿

At resonant condition, following condition will hold

𝑉𝑝ℎ
ω𝐿

or

ol

𝐼𝑓 = 3 𝐼𝑐

1
3ω∗ω𝐶
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L=
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= 3 ωCVph

 Arc Suppression coil
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 Resonant grounding reduces the line interruption due to transient line to ground fault and thus

reduces the possibility of developing 2 phase or 3 phase fault.

 The location of fault in the line is not fixed and therefore variable inductor is required.
 Arc suppression coil, which is an iron cored reactor provided with tappings is used. This

ol

provides the selection of reactance depending upon the length of line and the capacitance to be

us

neutralized.
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 Due to double line to ground fault, the fault current may be higher. To avoid this condition
circuit breaker is used.
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 Earthing Transformer

Vtusolution.in

ut
io
n.
in

 Normally neutral point of generator or transformer is available.

 In some cases, it is not available such as delta connection, bus bar points etc.
 The most common method is to use a zig zag transformer.
 This transformer does not have secondary winding.

ol

 Two identical winding are wounded differentially on each limb of the transformer so that the

us

total flux in normal condition is negligible

vt

 Therefore, the transformer draws very little magnetizing current.
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 The grounding transformers are of short time rating the sizes of such transformers are small
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compared to power transformers.
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 Neutral Grounding
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 In the design of power system, the grounding of generators, transformers and transmission

schemes is very important and it has a considerable bearing on the levels of transient and
dynamic over voltages stressing the equipment insulations.
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should cope up with them.

ol

 Ground affects the short circuit current of power system and thus the rating of switchgear
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 There are several methods of neutral grounding
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 Resistance grounding

 Low reactance grounding for effective grounding
 Tuned reactance
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 Solid grounding and grounding through impedance transformer
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 Advantages
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 Earth fault protection can be used easily

 The high voltages due to transient line to ground fault are eliminated

 Greater safety to the personnel
 It provides stable neutral point

ol

 Neutral earthing reduces the impact of lightning by discharging the stroke to earth
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 It improves reliability, economy and performance of the system
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 Neutral Grounding Transformer
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 The neutral earthing transformer is used to create a neutral for the delta side.
 The reason you put a transformer in there instead of directly creating a neutral point and
grounding it, is that you get some impedance in between due to the transformer, which would
limit various imbalanced currents and fault currents to a particular value. Note that this is

ol

usually a three-phase transformer.
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 If they are used on the star side, they are usually single-phase, and connected between the

vt

neutral and ground. You don't need a three phase device here as the neutral point already exists.
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 Neutral earthing transformers are very common on large generators. They are used to limit
Vtusolution.in
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bolted fault currents for these machines.
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ECONOMICS
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 Introduction
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 In all engineering works, the question of cost is of first importance.

 In most cases the cost decides whether a certain project will be carried out or not, although
political and other considerations may intervene sometimes.

 The electrical power supplier is required to supply power to a large number of consumers to

us

ol

meet their requirements.

 While designing electrical power generating stations & other systems efforts are made to

vt

achieve overall economy so that the per unit cost of generation is lowest as possible.
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 This will enable the supplier to supply electrical energy to its consumers at reasonable rates.
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 The problem of determining the cost of any scheme is often difficult, because the cost

varies considerably with time and tariff conditions.

 Economic problem occurs in the fields of generation, transmission, distribution and
utilization of electrical power.

ol

 The electrical engineer has to adopt the cheapest & most convenient scheme after having

vt

us

study of the relative costs of possible schemes.
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 Generation of power becomes costly
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 Effect of variable load on power system
Vtusolution.in

 For optimum operation, alternators are designed in such a way that maximum efficiency
occurs at (or very close to) their rated capacity.

 Hence, when the load varies and becomes low, the alternator will not be loaded up to its rated

ol

capacity and its working efficiency is reduced.
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 This consequently increases the cost of production.
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 Difficulty in controlling the system
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 When the load changes, the frequency of the system also varies.

 For proper operation, the frequency must be within the permissible limits.
 In order to keep the frequency within limits, additional control equipment's are required.
 Such equipment's increase the cost and complexity of the system.

ol

 Requirement of additional equipment

us

 As explained above, variable loading necessitates the use of speed governors, voltage and

vt

frequency sensors, microcontrollers and other closed loop control equipment's to exert control
over the system and maintain all parameters
within
permissible ranges.
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 Increased losses
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 Due to variation in loading conditions, various machines like transformers, electronic devices

and other machines show increased losses due to magnetization characteristics, saturation
and variation in parameters.
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 This decreases the overall efficiency of the system.
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 Classification of Costs

 Semi fixed cost
 Running or Operating Cost
 Fixed cost
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 Fixed cost

Vtusolution.in

ol

 This cost is independent of maximum demand and energy output.

vt

officials.

us

 It is due to the annual cost of organization, interest on the capital of land and salaries of high

 The annual expenditure on central organisation and salaries of high officials is fixed since it
Vtusolution.in
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has to meet whether the plant has high or low maximum demand or it generates less or more
Vtusolution.in
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energy.

 Further, the capital investment on the land is fixed and hence the amount of interest is also
fixed.
 Semi fixed Cost

ol

 The cost depends upon the maximum demand but is independent of energy output.

us

 The semi fixed cost is due to annual interest and depreciation on the capital cost of the

vt

generating plant, transmission and distribution network, buildings & other civil works, all types
of taxes, insurance charges & salaries of management
& clerical staff.
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 Also yearly compensation given to workers is included under this head.
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 The semi fixed cost is approximately proportional to maximum demand.

 The size and cost of the installation is governed by the maximum demand on the power
plant.

 The greater the maximum demand on power plant, the greater is its size and cost of installation.

ol

further taxes, insurance charges & strength of clerical staff depend upon the size of the plant

vt

us

and hence upon the maximum demand.
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 Running or Operating Cost
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 This cost depends upon the number of hours the plant is in operation or upon the number

of units of electrical energy is generated.

 The running or operating cost is due to annual cost of fuel, lubricating oil, water, maintenance
and repair cost of equipment and wages and salaries of operational and maintenance staff and

ol

salaries of supervisory staff engaged in the running of the plant.

us

 The operating cost is approximately proportional to units generated.

vt

 Total annual cost incurred in the power generation is represented by
E = a + Vtusolution.in
b kW
+ c KWh
NKR

 Where a, b and c are constants.
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 Fixed and semi fixed cost being independent of the amount of energy generated is also

called standing cost.

 In deciding any scheme for any given service the choice must be such that the total operating
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cost be minimum
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 Cost Analysis of power plants
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• The generating cost per unit (kWh) of energy depends upon the cost covering the

purchase, installation and erection of equipment, cost of fuel, labour, repair etc.
• The generation cost can, broadly be divided into fixed cost and the operating or running cost.
 Fixed Cost

ol

 The annual fixed cost consists of the interest on the total investment, all types of taxes and

us

insurance charges, salaries of high officials, management and clerical staff.
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 The annual contribution to the fund to pay off the capital expended after useful life of the plant
and yearly compensation paid to the workers
is also included in the annual fixed cost.
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 This cost varies approximately in direct proportion with the installed capacity of the plant
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and does not depend upon the fact weather the plant supplies any energy or not.

 The total investment or capital cost of a plant includes the preliminary cost, cost of land and
other real estate, cost of design and planning, cost of building and equipment, cost of
transportation, erection and installation of equipment and over heads etc.

ol

 In case of hydroelectric power plants, the capital cost of plants include the costs of dams,

us

earthwork, railhead, highways and other civil works.

vt

 In addition to it, cost of land & building will depend upon the location of the plant.
 If plant is situated near city than land will Vtusolution.in
be Ncostlier.
KR

 The cost of steam plant located near a river, where adequate supply of cooling water is
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available, would be lesser than that of one in which cooling towers or ponds would have to be

made available.

 A plant having a smaller number of large sized generating units costs less than a plant of the
same total generating capacity but having a large number of small sized units.
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 The capital costs of the plants vary widely, even in case of plants of similar types, and depend
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to a large extent on market conditions.
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 Operating or Running Cost
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or the amount of energy generated.
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 The operating cost of a plant means the expenses which vary with the extent of operation

 The cost is due to annual cost of fuel, lubricating oil, water, maintenance and repair cost of
equipment and wages and salaries of operational and maintenance staff and salaries of

ol

supervisory staff engaged on the running of the plant.

us

 The operating cost is approximately proportional to units generated.
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 In steam, diesel and gas plants, the operating costs form a major portions of total annual cost
whereas in hydro, nuclear & solar plants, the
fixed costs overshadow the small operating cost.
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 Investor Profit
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 If the power plant is the public property, as is the case in India, then the customers will be

taxpayers to share the burden of the Government.

 For this purpose, there is an item in the rates to cover taxes in place of the investors profit.
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 Theses taxes will be paid by the consumers in the form of electric consumption bill.
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 Interest and Depreciation
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 Usually money is borrowed from banks or insurance companies or other financial

institutions for big projects such as generating plant and at the end of a year, the
undertaking is required to pay the interest on the capital cost.

 Even if equipment is purchased out of reserve cash, the normal rate of interest must still be

ol

allowed for, since the money might otherwise be earning this interest.

us

 If a capital outlay required for a certain installation is P and the rate of interest per unit is r

vt

per annum then an amount of rP per annum must be provided as interest, and this added to
annual operating cost.
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 Rate of interest to be paid depends upon the money market position and the credit of the
Vtusolution.in
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borrower and varies between 8 to 10 per cent per annum.

 If the installation were to last for ever, the interest is the only charge that would have to be
made.

 In practice after a certain time the plant and machinery have to be replaced, due to its getting

ol

old, obsolete & inadequate and it is, therefore, necessary to set aside certain amount annually to

us

produce a sufficient sum at the end of ones.
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 The amount is known as depreciation and depends upon the type and make of machines.
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 Methods of Determination of Depreciation
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 Depreciation is the most important item in the fixed costs and it represents the reduction in the
value of equipment and other property of the plant every year due to continuous wear and tear.

 This can be reduced by proper maintenance of the equipment and the buildings

 To account for the depreciation, a certain fixed amount is set aside every year so that by the

ol

time the life span of the plant is over, the total amount accumulated equals replacement

us

cost

vt

 Methods commonly used for determination of annual depreciation charges are
 Straight line method

Diminishing value
method Sinking fund method
Vtusolution.in
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 Diminishing Value or Declining Balance Method
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 In this method provision is made for setting each year a fixed rate, first applied to the original

cost and then to diminishing value, such rate depending upon the useful life of the plant.

 This method results in distribution of the total expenses on the plant over its total useful life
because in this method depreciation charges are heavy in early years when maintenance

us

charges are heavy.

ol

charges are low and depreciation charges are low in late years when maintenance

vt

 The serious drawback of this method is that an heavy burden towards depreciation charges is
imposed in early years when plant is to develop
and build up its income.
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 Sinking Fund Method
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 A sinking fund method is a technique for depreciating an asset in book keeping records

while generating money to purchase a replacement for the asset when it reaches the end
of its useful life.
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 As compared to straight line method, it requires smaller annual amounts.
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 P = Initial value of the equipment
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 N = Useful life of equipment in years

Vtusolution.in

 S – Scarp value after useful life of equipment of n years
 R = rate of interest per annum expressed as fraction

ol

 If the annual deposit be q, it will earn the interest rq in one year

us

 So that it will worth q + rq = q (1 + r ) at the end of one year

vt

 Thus its value will be multiplied by the ratio ( 1 + r ) every year
 At the end of two years = q (1 + r )²
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 Economics of Power Generation
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 The generation of electrical energy economically requires long experience to decide about the

type, location and the rating of generating stations.

 The generating stations may be steam, hydro, nuclear, diesel or any other types.
 This factor mainly depends upon the natural sources available in the areas.

us

available in the areas

ol

 Steam power stations are best suited near coal fields and also adopted where coal supply is

vt

 Steam power stations are best suited near coal fields and also adopted where coal supply is
available in plenty at reasonable rates
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 Hydropower stations are best suited in case water is available at certain height.
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 Nuclear power stations are best suited in area far away from collieries and where fuel costs

are high & alternative cheap hydropower is not available.

 Diesel power stations are installed where supply of coal and water is not available.
 The power station should be as possible to the load so that the transmission cost and losses are

ol

minimum

vt

and operating costs.
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 The other considerations for the design of the power station are reliability, minimum capital
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 For this necessary layout should be such that the maintenance ands repairs can be carried out
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easily.

 Equipment must be standard one so that capital cost is reduced and replacement of worn out
parts becomes easy and equipment used should be simple so that it can be operated by semi
skilled workers.

ol

 The design of station should be such that it should be divided into number of sections to avoid

us

complete shutdown of the station when fault occurs.

vt

 The equipment should be automatic whenever in order to save the labour cost provided the
reliability of system should not be affected.Vtusolution.in
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 Before a power project is taken into hand, the project engineer should have the following
information with him

 Estimate of probable load
 Future load conditions
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 Location of the loads, specially in case of hydroelectric generating stations because the cost of

ol

transmission is also required to be considered.

us

 For deciding the type and rating of generating plant it is necessary that engineer may be

vt

familiar with the following important terms
Vtusolution.in
NKR

 Load curves
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 The load on the power station is seldom constant : it varies from time to time
 The daily variations in load on the power station from time to time – hourly or half hourly can
be plotted on a graph taking load on Y axis and time on X axis. The curve obtained is Load
curve.

ol

 From the daily load curves of a particular month, the monthly load curve can be plotted by

us

calculating the average value of power at particular time of the day

vt

 Similarly, if we consider such monthly load curves of a particular year, and find the average
value of the power at a particular time of the day, the annual load curve can be obtained.
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 The load curve bears great importance in generation
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 Load curves supply following information

 The variation of the load during different hours of the day

 The area under the curve represents the total number of units generated in a day
The peak of the curve represents the maximum demand on the station on the particular day

us

the power station

ol

 The area under the load curve divided by the number of hours represents the average load on

vt

 The ratio of the area under the load curve to the total area of the rectangle in which it is
contained gives the load factor
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 The type of variations in load or demand on a plant depends upon domestic and industrial
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users.
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 The load curves of an individual consumer are different at different timings in a day.
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 Load Duration curve

Vtusolution.in

ut
io
n.
in

 This is another type of curve which indicates the variation of load, but with the loads

arranged in descending order of magnitude i.e the greatest load on the left, lesser loads
towards the right and the least load at the extreme right.

 This curve gives the number of hours for which a particular load lasts during the day.

us

period considered,

ol

 The area under this curve like load curve gives the total number of units generated for the

vt

 From this curve the load factor of the station can also be determined.
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 Integrated load duration curve
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 This curve gives the total number of units generated for the given demand

 The ordinate represents the demand in KW or MW and the abscissa represents the units (Kwh)
generated at or below a given demand.

 Such a curve can be obtained from the load duration curve keeping the abscissa corresponding

vt

us

ol

to each ordinate equal to the area of the duration curve up to the value of ordinate.
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 Mass Curve
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 The mass curve gives the total energy consumed by the load up to particular time in a day.

 This curve can be easily plotted from the chronological load curve by summing up the energy
consumed up to different times starting at the zero time.

 This curve is used in the study of variations between the rate of water flow and the electrical
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load and for the determination of the necessary storage.
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 Connected Load

Vtusolution.in

known as connected load.
 Maximum Demand
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 The sum of the continuous ratings of all electrical equipment connected to the supply system is

 It is the greatest demand of load on the power station during a given period. i.e. The maximum

us

etc.).

ol

of all the demands that have occurred during a given period (may be a day, may be an hour

vt

 Maximum demand never means the greatest instantaneous maximum demand but the
greatest short time average occurring during
a long period of time under consideration.
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 Prime power
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 It is the power that is always available for conversion into elelctrical power.

 Dump power

 It is power in excess of the load requirements and it is made available by surplus water. It refers
to hydro plant.

ol

 Cold reserve

vt

immediate loading
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 It is that reserve generating capacity which is available for service but not normally ready for
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 Hot reserve
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 It usually refers to boiler excess capacity, which is kept hot and with steam pressure, ready for

use
 Operating reserve

 It refers to capacity in service in excess of peal load

ol

 Spinning reserve
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 It is the generating capacity connected to the bus and ready to take load
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 Load Sharing
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 Base load plants run throughout the year and have high load factors

 The economic characteristics of base load plants should be such that they supply power at
high capital costs but low cost of operation.

 Hydro and nuclear power plants are usually classified as base load plants.

ol

 Peak load plants run for a few hours in the year and work at low load factors.

us

 The economic characteristics of peak load plants should be such that they supply power at low

vt

capital costs, although at high cost of operation.
 Peak load power pants should be capable of
starting
quickly.
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 Choice of Size and number of generating units
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 The number of units and the size of each unit is decided from the load curve

 The following factor should be considered while deciding the number of units and preparing g
operating schedule.

 The total capacity of the generating units must be capable of meeting the peak demand of the

ol

power station.
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 Machines operate with maximum efficiency at the three fourth of the rated capacity, hence the

vt

number and size of units must be so selected that they operate at maximum efficiency.
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 Reliability of service is a very important factor. There should be a spare set of capacity of that
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largest unit in the power station so that maintenance and repairs of working units may be

carried out without any disturbance in power supply.

 The growth of the demand in near future should be kept in view.

 The capacity of the power station should be 15 or 20 % more than expected maximum demand.

ol

 Minimum number of generating units chosen could be one having a capacity equal the

us

maximum demand on the power station.
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 Large size units have lower capital cost per KW, need less floor area & have better efficiency.
 Thus large size units are economical because
of initial investment & operating cost.
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 The size and number of generating units may be so chosen as to fit the load curve as closely as
possible.
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 Then each unit can be made to operate in such a way that it operates almost at full load or at a
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load to give maximum efficiency.
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