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prerequisite:BasicElectricalEngineering,ElectricalMachines-1,ElectricalMachines-ICOURSEOBJECTIVES:
1. Tounderstandthedifferenttypesofpowergeneratingstations.

2. Tounderstandtheconceptsofoverheadlineinsulators.
3. Toillustratetheeconomicaspectsofpowergenerationandtariffmethods.
4. Toevaluatethetransmissionlineparameterscalculations

5. Tounderstandtheconceptofcorona

UNIT-I
GENERATION  OFELECTRICPOWER:ConventionalSources:Hydro  station,SteamPower  Plant,NuclearPower
Plant.Non-Conventional Sources(Qualitative Treatmentonly):OceanEnergy, TidalEnergy, WindEnergy,Fuel

Cells,&SolarEnergy,Cogeneration--Energyconservationand storage.

UNIT-1I
ECONOMICSOFGENERATION:Introduction,definitionsofconnectedload, maximumdemand,
demandfactor,loadfactor,diversityfactor,Loaddurationcurve,numberandsizeofgeneratorunits.Base

load and peak load plants. Cost of electrical energy-fixed cost, runningcost . types of Tariff

Simple, flatrate,block-rate,two-part ,powerfactortariffmethodsandnumericalproblems.

UNIT-11I
OVERHEADTRANSMISSIONLINES:lineconductors,inductanceandcapacitanceofsinglephaseandthreephase
linewithsymmetricalandunsymmetricalspacing,compositeconductortransposition,bundledconductors,andskin and proximity
effects.

UNIT-1V

PERFORMANCEOFTRANSMISSIONLINES:Representationoflines,shorttransmissionlines,mediumlength lines,
nominalT and PI-representations, and long transmission lines (Rigorous Solution Method).The
equivalentcircuitrepresentationofalongLineA,B,C,Dconstants, FerrantiEffect,SkinandProximity

effects,conceptofSurgelmpedance, NumericalProblems.



UNIT-V
NDCDISRTIBUTION:Classificationofdistributionsystems-comparisionofDCvsACandundergroundvsover-head distribution
systems. Voltage drop calculations (numerical problems ) inD.Cdistributors for the following cases : radial D.C

distributor fed at one end and at the both the ends (equal/unequal voltages ) and ring main distributor.
TEXTBOOKS:
1. W.D.StevensonElemgntsofPowerSystemAnalysis,FourthEdition,McGrawHill,

1984.
2. C.L.WadhwaGeneration,DistributionandUtilizationofElectricalEnergy, Seco
nd Edition, New Age International,2009.

REFERENCEBOOKS::
1. C.L.Wadhwa ElectricalPowerSystems,FifthEdition,NewAgelnternational,2009
2. M.V.DeshpandeEle

mentsofElectricalPowerStationDesign, ThirdEdition, WheelerPub.1998
3. H.Cotton&H.Barber-TheTransmissionandDistributionofElectrical
Energy by V. K. MehtaandRohit Mehta
COURSEOUTCOMES:
Attheendofthiscourse,studentswilldemonstratetheabilityto
1. AssessthefunctioningofconventionalandNon-Conventionalgeneratingstations.
Understandtheconceptsofeconomicsofgenerationlikepowertariffmethods.
Analyzeandevaluatethetransmissionlineparameters.
Determinetheperformanceoftransmissionlinesusingvarioussolutionmethods
Understandtheconceptsofoverheadlineinsulatorsandcorona.
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UNIT-1

THERMALPOWERSTATION

INTRODUCTION:

>

Thermalenergyis the major sourceofpowergenerationin India. More than60% ofelectric
power is produced by steam plants in India. India has large deposit of coal (about

170bi|Iiontones),Sthlargestinworld.IndiancoalsarecIassifiedasA—Ggradecoals.

In Steam power plants, the heat of combustion of fossil fuels is utilized by the boilers to
raise steam at high pressure and temperature. The steam soproducedisusedin drivingthe
steam turbines or sometimes steam engines couples to generators andthusin generating
electrical energy.

Steam turbines or steam engines used insteam power plants notonlyactasprimemovers but
also asdrivesfor auxiliary equipment,such as pumps,stokersfansetc.

Steam power plants may be installed either to generate electrical energy only or generate
electrical energy along with generation of steam for industrial purposes such as in paper
mills, textile mills, sugar mills and refineries, chemical works, plastic manufacture, food
manufacture etc.

The steam for process purposes is extracted from a certain section of turbine and the
remaining steam is allowed to expand in theturbine.Alternatively theexhauststeammay be
used for process purposes.

Thermalstationscanbeprivateindustrialplantsandcentralstation.

CoalClassification

CoalType kJ/kg kWh/kg kCal/kg
Peat 8000 28800000 1912
Lignite 20000 72000000 4780
Bituminou 27000 97200000 6453
S
Anthracite 30000 10800000 7170
0

AdvantagesandDisadvantagesofaThermalPowerPlantAdvantages:

Lessinitialcostascomparedtoothergeneratingstations.

Itrequireslesslandascomparedtohydropowerplant.

Thefuel(i.e.coal)ischeaper.
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e Thecostofgenerationislesserthanthatofdieselpowerplants.
Disadvantages:

e Itpollutestheatmosphereduetotheproductionoflargeamountofsmoke. This isoneofthe
causes of global warming.

e Theoverallefficiencyofathermalpowerstationislow(lessthan30%).
e Requireslongtimeforerectionandputintoaction.

e CostlierinoperatingincomparisonwiththatofHydroandNuclearpowerplants.

e Requirementofwaterinhugequantity.

Selectionofsiteforthermalpowerplant

» Nearness to the load centre: Thepowerplantshouldbeasnearaspossibletotheloadcentre to the
centre of load .So that the transmission cost and losses are minimum. This factor is most
important when Dc supply system is adopted. However in the case of AC supply when
transformation of energy from lower voltage to higher voltage and vice versa ispossible power
plantscanbeerectedatplacesotherthanthatofloadprovidedotherconditionsare favorable.

» Water resources: For the constructionand operating ofpower plant large volumes ofwater are
required for the following reasons

Toraisethesteaminboiler.

Forcoolingpurposesuchasincondensers

Asacarryingmediumsuchasdisposalofash.

Fordrinkingpurposes.

This could be supplied from either rivers or underground water resources.
Thereforehavingenoughwatersupplies indefinedvicinitycanbeafactorintheselection
ofthe site.

0O O O O O

» Availability of Coal: Huge amount of coal is required for raising the steam. Since the
government policy is to use the only low grade coal with 30 to 40 % ash content for power
generationpurposes,thesteampowerplantsshouldbelocatednearthecoalminestoavoid the transport
of coal & ash.

» Land Requirement: The land is required not only for setting up the plant butforotherpurposes
also such as staff colony, coal storage, ash disposal etc.
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o Eg:For2000MWoplant,thelandrequirementmaybeoftheorderof200-250acres.Asthecostof
the land adds up tothe final cost of the plant, it should be available at a reasonable price.
Land should be available for future extension.

> TransportationFacilities: Thefacilitiesmustbeavailablefortransportation of
heavy equipment and fuels e.g near railway station.

» Labour supplies: Skilled and unskilled laborers should be available at reasonable
rates near the site of the plant.

» Ash Disposal: Ash is the main waste product of the steam powerplant andwithlowgrade
coal, it may be 3.5 tones per day , somesuitablemeans fordisposal of ash should be though
of. It maybe purchased bybuilding contractors, or it canbe used for brickmaking near the
plant site. Ifthe site is nearthe coalmine it canbe dumped intothe disused mines.Incaseof
site locatednear ariver,seaorlake ash can be dumpedinto it.

» Distance from populated area: The continuous burning of coal at the power station
Produces smoke,fumesandash which pollutethe surroundingarea. Such a pollutiondue to
smokeisdangerousfor the people living around the area. Hence, the siteof aplant should be

at a considerable distance from the populatedarea.

MajorComponentsofaThermalPowerPlant

% CoalHandlingPlant

+ PulverizingPlant

+» DraftorDraughtfan

< Boiler

+ AshHandlingPlant

¢ TurbineandGenerator
+ Condenser

+ CoolingTowerAndPonds
« FeedWaterHeater

« Economiser
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¢ SuperheaterandReheater

< Airpreheater

% AlternatorwithExciter

% Protectionandcontrolequipment

< Instrumentation
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BOI LER Schematic arrangement of Steam Power Station

*

+ A Dboiler (or steam generator) is a closed vessel in which water, under pressure, is
converted into steam. The heat is transferred to the boiler by all three modes of heat

transfer i.e. conduction, convection and radiation.

+ Majortypesofboilersare:(i)firetubeboilerand(ii)watertubeboiler

12|
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¢ Generallywatertubeboilersareusedforelectricpowerstations.

FireTubeBoiler

K/

+«+ Theboiler is namedsobecausetheproductsofcombustionpassthroughthetubes which

are surrounded by water.

K/

+«+ Dependingonwhether thetubeis verticalorhorizontalthefiretubeboileris

divided into two types

= Verticaltubeboiler

=  Horizontaltubeboiler

% Afiretubeboilerissimple,compactandruggedinconstruction. Itsinitialcostislow.
+ Waterbeing moreandcirculationbeingpoortheycannot meetquicklytochanges in
steam demand.

*.

«+ As water and steam, both are in the same shell,higher pressure of steamarenot

possible,themaximumpressurewhichcanbe had is 17.5kg/cm2withacapacityof
15,000kg of steam per hour.

7

+» Forthesameoutputtheoutershellofafiretubeboilerismuchlargerthanthatofawater
tube boiler.

7

+» In the event of a sudden and major tube failure.Steam explosionsmay be causedinthe
furnace due to rush of highpressure water intothe hot combustionchamber which may
generate large quantities of steam in the furnace.

*

+» Firetubeboilersuseisthereforelimitedtolowcostsmallsizeandlowpressureplants.

How Steam Engines Work Fire-tube Boller

STEAM HOT
our Boiler GASSES

=

Furnace Smokestack

Figure:FireTubeBoiler

13|
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WoaterT Boiler

«+ Inthisboiler,thewaterflowsinsidethetubesandhotgasesflowoutsidethetube.
¢+ Watertubeboilerareclassifiedas

«+ Verticaltubeboiler

+¢+ Horizontaltubeboiler

% Inclinedtubeboiler

% Thecirculationofwaterintheboilerismaybenaturalorforced.

% ForCentralsteampowerplantslargecapacityofwatertubeboilersareused.

% Thetubesarealwaysexternaltothe drum theycanbe built insmallersizeand
therefore withstand high pressure.

% Theboilerdrumcontainsbothsteamandwater,theformerbeingtrappedfromthetopof
the drum where the highest concentration of dry steamexists.

steam
outlet Iil
e

air
and
fuel ——

inlet [_ e
] % =N
combustion water
chamber tubes

Figure:WatertubeboilerSUPERHEATER

ANDREHEATERS

+»+ Thefunctionofthe superheateristo removethelast trashof moisturefrom the
saturatedsteamleavingtheboilertubesandalsoincreasesitstemperatureabovethe
saturation temperature.

+«» Forthispurposetheheatofthecombustiongasesfromthefurnaceisutilized.

+» Superheatedsteamisthatsteamwhichcontainsmoreheatthanthesaturated

steamatthesamepressure. Theadditionalheatprovidesmoreenergyto the turbinehence
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poweroutputismore.
¢+ Superheatedsteamcauses lessererosionoftheturbinebladesandcanbe
transmitted for longer distance with little heat loss

+«»+ Asuperheatermaybeconventiontype,radianttypeorcombination.However,
convention super heaters are more commonly used.

g
- aamENElEm] W=

& &, &’ ~a .

/// /7 4 r &

BN AN

AR

.

Figure:Superheaters

REHEATER

+ Inadditiontosuperheatermodernboilerhas reheateralso. Thefunctionofthe
reheateristosuperheatthepartlyexpandedsteamfromtheturbine,thisensurethat the steam
remain dry through the last stage of the turbine.

+» Areheatermaybeconventiontype,radianttypeorcombination.

FeedWaterHeaters: These heatersareused toheat the feedwaterbymeansofblendsteam
before it is supplied to the boiler. Necessity of heating feed water before feeding it back to
the boiler arises due to the following reasons.

+ FeedWaterheatingimproveoverallefficiency.

+ Thedissolvedoxygenwhichwould otherwisecauseboilercorrosionareremoved in the

feed water heater.
+ Thermalstressesduetocoldwaterenteringtheboilerdrumareavoided.

+ Quantityofsteamproducedbytheboilerisincreased.




POWERSYSTEMS-I MRCET UNIT-IGENERATIONOFELECTRICPOWER

¢+ Someotherimpuritiescarriedbysteamandcondensate,duetocorrosionin boiler

and condenser, are precipitated outside the boiler.

Water Steam Flow diagram

Boiler
3> Steam >
super Turbine Generator
Heater
,
Cooling
Tower
Make up
water tank \
Economizer \ LI, ¢
Condenser
Pump
H.P Eo DEAER- g
< Ly Water h ] L.P.
Heater Pl ATOR Heater
Condensate
Pump
Figure:Watersteamflowdiagram
ECONOMIZER

% Boilers are provided with economizer and air pre-heaters to recover heat from the flue
gases. An increase of about 20% in boiler efficiency is achieved by providing both

economizer and air pre-heaters.

+» Economizer alone gives only 10-12% efficiency increase, causes saving in fuel
consumption 5-15 %. The feed water from the high pressure heaters enters the

economizer and picks up heat from the flue gases afterthelowtemperature superheater.
++ Economizer can be classified as an inline or staggered arrangement based on the typeof

tube arrangement.

X Forpressureof?OKg/cmzormoreeconomizerbecomesanecessity.

+ Thetubesarearrangedinparallelcontinuousloops.
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+» Feedwaterflowsthroughthetubesandthefluegasesoutsidethetubesacrossthem.

17]
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K/
%%

The feedwatershouldbesufficientlypurenottocause formingofscalesandcause internal
corrosion and under boiler pressure.
Thetemperatureofthefeedwaterenteringtheeconomizershouldbehighenoughsothat

moister from the flue gases doesnot condense on the economizer tubes.

AIRPREHEATERS

K/
L X4

K/
A X4

*.
L X4

*.
2

*.

2

Afterthefluegases leaveeconomizer,somefurtherheatcanbeextractedfrom them
and is used to heat the incoming air for combustion.

Airpreheatersmaybeoffollowingtypes:
> Platetype
» Tubulartype

» Regenerativetype

CoolingoffluegasesbyZOOincreasetheefficiencyofthepIantbyl%.

The use of air preheaters is more economical with pulverized fuel boilers because the
temperature of flue gases going out is sufficientlylarge andhigh airtemperatures (250to

3500 C) is always desirable for bettercombustion.
Air preheaters should have high thermal efficiency, reliability of operation, less

maintenance charges, should occupy small space,shouldbe reasonableininitial costand
should be accessible.

Inordertoavoidcorrosionoftheairpreheaters,thefluegasesshould notbecooled below
the dew point.

18]
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POWERSYSTEMS-1
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Figure:AirPreheater

STEAMTURBINES

s Steamenteringfromasmallopeningattainsaveryhighvelocity.
% Thevelocityattainedduringexpansiondepends ontheinitialandfinal

content of the steam.
% Thedifference ininitialand finalheat contentrepresentthe heatenergytobe

converted to Kinetic energy.
Therearetwotypesofsteamturbines:
1) Impluseturbineand2)ReactionTurbine

ImpuseTurbine:

> In this turbine there are alternate rows of moving and fixed blades. The
moving blades are mounted on the shaft and fixed blades are fixed to the
casing of the turbine.

> Asetoffixednozzleisprovidedandsteamispassedthroughthesenozzles. The in
steamdue to pressure andinternal energyisconverted to K.E.Thesteam

comesoutofthenozzleswithveryhighvelocityandimpingesontherotorblades.
» Thedirectionofsteamflowchangeswithoutchangingitspressure.

» Thusduetothechangeinmomentumtheturbinerotorstartsrotating.

19]
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ReactionTurbine:
» Reactionturbine havenonozzles.Thesetwohavealternaterowsofmovingandfixed

blades. The moving blades are mounted on shaft, while fixed blades arefixed in
casing of turbine.

» When high pressure steam passes through fixed blades, then steam pressure drops
down and velocity of steam increases.

» As steam passes over moving blades, the steam expandsandimparts energy,resulting
in reduction in pressure and velocity ofsteam.

Note:Turbinesusedinthermalpowerstationsarelmpuse,Reactionorcombined.
Generallymultistage turbinesareused.H.PsteamafterdoingworkintheH.P
stagepasses over
stage.moreworkisextractedthereby,withconsequentincreaseinthermalefficiency.

Compoundingofsteamturbines:

Singlestageturbinesareoflowefficiency.
Incompounding,anumberofrotorsareconnectedorkeyedtothesameshaft
Twotypesofcompoundingareused:velocitycompoundingandpressurecompounding

Governingofsteamturbines:

Governingsignifiestheprocessofcontrollingthevolumeofsteamtomeet theload
fluctuation.

Figure:SteamTurbines

CONDENSERS

Thefunctionofthecondenseristocondensethesteamexitingtheturbine. The

20|



POWERSYSTEMS-I MRCET UNIT-IGENERATIONOFELECTRICPOWER

condenserhelpsmaintainlowpressureattheexhaust. Two types

of condensers are used.

Table:JetandSurfaceCondensers

Jetcondenser(contacttype) Surfacecondenser(non-contacttype)
Exhauststeammixeswithcoolingwater. Steamandwaterdonotmix.
Temperatureofthecondensateandcooling Condensatetemperaturehigherthanthe cooling
waterissamewhileleavingthecondenser. water temperature at outlet.
Condensatecannotberecovered. Condensaterecoveredisfedbacktotheboiler.
Heatexchangedbydirectconduction Heattransferthroughconvection.
Lowinitialcost Highinitialcost.

Highpowerrequiredforpumpingwater. Condensateisnotwastedsopumpingpoweris less.
To gjector
Wiater outlet ey vacuur#w system
Flanges
) ﬁ K | ‘F' g 1—
| = -
| & -
S— =
| |
TR |
i - 2
[ -
|} LS
r'_J;lu_L,!\ Hotwell 4J_I_-
Flanged
COVEer Tubesheet H Tubesheet
plate
Wiater inlet Condensate

Figure:SurfaceCondenser
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Air pump

_____

Exhaust steam inlet

Injector pump —»

Discharge pipe ——E

Hot well 25— Cooling tank

DEAERATORS

» A deaerator is a device that is widely used for the removal of oxygen and other
dissolved gases from the feed water to steam-generating boilers.

> In particular, dissolved oxygen in boiler feed waters will cause serious corrosion
damage in steam systems by attaching to the walls of metal piping and other metallic
equipment and forming oxides (rust).

» Therearetwobasictypesofdeaerators,

1. thetray-typean
2. thespray-type
The tray-type (also called the cascade-type) includes a vertical domed

deaerationsectionmounted ontop ofahorizontalcylindricalvesselwhich

serves as the deaerated boiler feedwater storage tank.

Thespray-typeconsistsonlyofahorizontal(orvertical)cylindricalvesselwhich

servesashoth thedeaerationsection andtheboilerfeedwaterstoragetank.

COOLINGTOWERSANDSPRAYPONDS

e Condensersneedhugequantityofwatertocondensethesteam.

e Wateris ledintotheplantsbymeans ofcirculatingwaterpumpsandafterpassing
through the condenser is discharged back into theriver.

e Ifsuchasourceisnotavailableclosedcoolingwatercircuitisusedwherethe

22|
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warmwatercomingoutofthecondenseriscooledandreused.

¢ Insuchcasespondsandcoolingtowersareusedwherethewaterlosesheattothe
atmosphere.

cooling tower

warm woter
distribution
drift eliminator

fill

| =
V:I"‘ | 2 B

warm water =
inlet =

,,,,,,,,,ml kv' ..=-.!==..I
4 /i
e g,
— /)

== cold water basin

—

Figure:CoolingTowerELECTROSTATI

C PRECIPITATORS

+» Anelectrostaticprecipitator(ESP),orelectrostaticaircleanerisaparticulate
collectiondevicethatremovesparticlesfromaflowinggas(suchasair)using
theforceofaninducedelectrostaticcharge.

*
0.0

thebasicideaofanESP:
Charging

collecting.

removing

3

%

3

%

*
0.0
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¢+ Everyparticleeitherhasorcanbegivenacharge—positiveornegative.
« WeimpartanegativechargetoalltheparticlesinagasstreaminESP.
+«+ Thenagroundedplatehavingapositivechargeissetup.

¢+ Thenegativelychargedparticlewouldmigratetothegroundedcollectionplateand

be captured.

% Theparticleswouldquicklycollectontheplate,creatingadustlayer. Thedustlayerwould

accumulate until we removed it.

% Thestructuraldesignandoperationofthedischargeelectrodes(rigid-frame,wiresorplate)

and collection electrodes.

¢ tubulartypeESP
% platetypeESP

% Themethodofcharging
% single-stageESP
% two-stageESP
% Thetemperatureofoperation
% cold-sideESP
% hot-sideESP
% Themethodofparticleremovalfromcollectionsurfaces
s wetESP
+ DryESP
AshHandlingPlant
In ThermalPowerPlant’scoal isgenerally usedasfuel andhencetheashisproducedas
thebyproductof Combustion.Ash generatedin powerplantis about30-40%of total coal

consumptionandhencethesystemisrequiredtohandleAshforitsproperutilizationor disposal.

The steam power plant produces 50000f tons ash daily ( 2000MW)

24|
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Theashmaybe
% FlyAsh(Around80%isthevalueofflyashgenerated)
% Bottomash(Bottomashis20% oftheashgenerated incoal
based power stations.
FlyAsh

AshgeneratedintheESPwhichgotcarriedoutwiththefluegasisgenerallycalledFlyash.
alsoconsists ofAir pre heater ash& Economizer ash (it is about 2 % ofthe totalash content).

Bottom ash

Ashgeneratedbelowfurnaceofthesteamgeneratoriscalledthebottomash.

Theoperationofashhandlingplantsis.......

% Removalofashfromthefurnaceashhoppers
% Transferoftheashtoafillorstorage

% anddisposalofstoredash

Theashmaybedisposedinthefollowingway.......
e Wastelandsitemaybereservedforthedisposalofash.
e Buildingcontractormayutilizeittofillthelowlyingarea.
e Deeppondsmaybemadeandashcanbedumped intothese ponds
to fillthem completely

e 1Whenseaborncoalisused,barragemaytaketheashtoseafor
disposal into water grave.

Themodernashhandlingsystemusuallyusedinlargesteampowerplantsare.......
1 Beltconveyorsystem
7 Pneumatic system
1 Hydraulicsystem
1 Steam jet system

Beltconveyorsystem

Jinthissystemtheashismadetoflow throughawatersealoverthebeltconveyorinorder to coolit
down and then carriedout to a dumping siteover the belt.

ltcandeliver3tonnesofashperhourwithaspeedof0.3m/minute.
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TThelifeofbeltis5years.itisusedinsmallpowerplant

Pneumaticsystem

JInthissystemair isemployedasamediumtodriving theashthroughapipeoveralong distance.
_Thissystemcanhandle5-30tonnesofashper hour _This
is used for disposal of fly ash
Hydraulicsystem
TInthissystemastreamofwatercarriesashalongwithit ina closedchannelanddisposed it off to
the proper site.
Jitisoftwotypeshighpressuresystemandlowpressuresystem.
Steamjetsystem
“IThissystememploysjetsofhighpressureblowinginthedirectionofashtravel through
aconveyingpipe in which ash from theboilerash hopperis fed.
Cltisemployedinsmallandmediumsizeplant

—“Steamconsumptionis110kgpertonneofmaterialconveyed.

NUCLEARPOWERSTATION

Basics

e Atomsconsistofnucleusandelectrons.

e Thenucleusiscomposedofprotonsandneutrons.

e Protonsarepositivelychargedwhereasneutronsareelectricallyneutral.

e Atomswithnucleihavingsamenumberofprotonsbutdifferenceintheirmassesare called
isotopes. They are identical in terms of their chemical properties but differ with
respect to nuclear properties.

o NaturalUraniumconsistsofe,U?%8(99.282%),,U%**(0.712%)andg, U
e 92U%isusedasfuelinnuclearpowerplants.

EnergyfromNuclearReactions

e Thesumofmassesofprotonsandneutronsexceedsthemassoftheatomicnucleus
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andthisdifferenceiscalledmassdefectAm.

¢ Inanuclearreactionthemassdefectisconvertedintoenergyknownasbindingenergy

according to Einstein’s equation (E=Am c?).

e Fissioningoneamuofmassresultsinreleaseof931MeVofenergy.

e Ithasbeenfoundthatelementhavinghigherandlowermassnumbersareunstable. Thus

thelowermassnumberscanbefusedorthehighermassnumberscanbe fissioned to

produce more stable elements.

e Thisresultsintwotypesofnuclearreactionsknownasfusionandfission.

e ThetotalenergyperfissionreactionofU>*isabout200MeV.

e Fuelburn-uprate istheamount ofenergyinMW/daysproducedbyeachmetrictonof fuel.

NuclearFission

Nuclearfissionis the reactionbywhichaheavy nucleus(thatisonewitha highvalueofZ)is hit

withasmallparticle,asaresultofwhichitsplitsintotwo(occasionallymore)smaller nuclei.

Before the reaction After the reaction
‘i 1.008665 s Xe 139.9216
ol 235.0439 St 93.9154
2''m 20173
Total mass 236.0526 Total mass 235.8543
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1st Generation

2nd Generation () <

| N /N
3rd Generation (™) (™) (™ «
/ \ / N\
/N Y\ FooN ¥
4th Generation (™ (- (= (™ « (™) (= (™

@ Uranium-235 atom . neutron

NuclearFusion

Fusion is the opposite of fission, it is the joining together of two lightnucleito form a
heavierone(plusasmallfragment).Forexampleiftwo2Hnuclei(twodeuterons)canbemade to

come together they can form He and a neutron.

‘H+°H — ‘He +n

& -Deuteriumr’k‘ I'Pell; %
?@‘%

g

Tritium

NuclearFusion

NuclearPowerPlant
JA nuclear power plant isa thermal powerstationin which the heat source isoneor

morenuclear reactors.Asin a conventional thermal powerstation theheat is used to
generatesteamwhichdrivesasteamturbineconnectedtoageneratorwhichproduces

electricity.

28|



POWERSYSTEMS-I.1 MRCET UNIT-IGENERATIONOFELECTRICPOWER 1

SchematicofaNuclearPowerPlant

PressurizedWaterReactor(PWR)

_The most widely used reactor type in the world is the Pressurized Water Reactor (PWR)
which uses enriched(about 3.2%U235)uranium dioxide asa fuel in zirconium alloycans.

“1 The fuel,whichis arranged inarraysoffuel"pins"andinterspersedwiththemovablecontrol rods,
is held in a steel vessel through which water at high pressure (to suppress boiling) is
pumped to act as both a coolant and a moderator.

TThe high-pressure water isthen passed through asteam generator, which raisessteaminthe

usual way.

-

——

Control
rods

Pressuriser Concrete

p— " shield

generator

| L = -

i Steel

| - pressure '
vessel
Fuel
elements

ps 38 4

=
e

I
'

PressurizedWaterReactor
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BoilingWaterReactors(BWR)

1 The second type of water cooled and moderated reactor does awaywiththesteamgenerator
and, by allowing the water within thereactor circuit to boil, it raisessteam directly for
electrical power generation. Such reactors, known as Boiling Water Reactors (BWRS),

throughout the world.

BoilingWaterReactor

Steel
Pressure $=
Vessel

Concrete
Shield

Control Rods

_IThis,however,leadstosomeradioactivecontaminationofthesteamcircuitandturbine,whichthen
requiresshieldingof thesecomponentsin addition to thatsurroundingthe

reactor.

FastBreederReactors
TJAlloftoday'scommerciallysuccessfulreactorsystemsare*thermal“reactors,usingsloworthermal

neutrons to maintain thefission chain reaction in the U?*® fuel. Even with the enrichment
levels used in the fuel for such reactors, however, byfarthelargestnumbers of atoms present
are U?*, which are not fissile.

[Consequently, when these atoms absorb an extra neutron, their nuclei do not split but are
converted into another element, Plutonium.
Plutonium is fissile and some of it is consumed in situ, while some remains in the spent fuel

together with unused U%*, These fissile components can be separated from the fission
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productwastesandrecycledtoreducetheconsumptionofuraniuminthermalreactorsbyup to40%,

although clearly thermal reactors still require a substantial net feed of natural uranium.

Itispossible,however,todesignareactorwhichoverallproducesmorefissilematerialinthe form of
Plutonium than it consumes. This is the fast reactor inwhich the neutrons are unmoderated,

hence the term "fast".

[ The physics of this type of reactor dictates a core with a high fissileconcentration,typically
around 20%, and made ofPlutonium. In order tomake it breed, the activecore is surrounded
by material (largely U238) left over from the thermal reactor enrichment process. This
materialis referred toas fertile,because it converts tofissilematerialwhenirradiatedduring
operation of the reactor.

_The successful development of fast reactors has considerable appeal in principle. This is
because they have the potential to increase the energy available from a given quantity of
uranium by a factor of fifty or more, and can utilize the existingstocksofdepleteduranium,

which would otherwise have no value.

Concrete shield

Control rods
Reactor jacket

Primary  Fuel Intermediate
vessel elements  heat
exchanger

=
Cool sodium

FastBreederReactors

FactorsforSiteSelectionofNPPs

1. AvailabilityofWater:workingfluid

2. DistancefromPopulatedArea:dangerofradioactivity

3. Nearnesstotheloadcentre:reductionintransmissioncost
4

DisposalofWaste:radioactivewaste

31|



POWERSYSTEMS-1 MRCET

UNIT-IGENERATIONOFELECTRICPOWER

5. AccessibilitybyRailandRoad:transportofheavyequipment

AdvantagesofNPPs
1. Reducesdemandforfossilfuels
2.
3.
4. Productionoffissilematerial
5.

DisadvantagesofNPPs

Quantityofnuclearfuelismuchless:thusreducingtransportandresultingcosts

Areaoflandrequiredisless:comparedtoaconventionalplantofsimilarcapacity

Locationindependentofgeographicalfactors:exceptwaterrequirement

1. Notavailableforvariableloads(loadfactor-0.8):asthereactorscannotbecontrolledto

respond quickly

Economicalreasonshouldbesubstantial
Riskofleakageofradioactivematerial

2
3
4. Furtherinvestigationonlifecycleassessmentandreliabilityneedstobedone
5

Perceptionproblems

ComparisonofPWRandBWR
PWR BWR
Advantages Advantages

* Relativelycompactinsize

* Possibilityofbreedingplutoniumby
providing a blanket of U-238

* Highpowerdensity

» Containmentoffissionproductsdue
to heat exchanger

* Inexpensive‘lightwater’canbeused
asmoderator,coolantandreflector

» Positivepowerdemand coefficient

i.e.thereactorrespondstoload increase

* Elimination of heat exchanger circuit
resultsin reduction in cost and gainin
thermal efficiency (to about 30%)

* Pressure inside in the reactor vessel is
considerably lower resulting in lighter
and less costly design

*  BWRcycleismoreefficientthanPWR as
the outlet temperature of steam is
much higher

* Metalsurfacetemperatureislowersince
boiling of water is inside thereactor

* BWRismorestablethanPWRandhence is
commonly known as a self-controlled

reactor
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Disadvantages

Disadvantages

» Moderator remains under high
pressureandhenceastrongpressure
vessel is required

» Expensivecladdingmaterialis
requiredtopreventcorrosion

» Heatlossoccursduetoheat
exchanger

» Elaboratesafetydevicesarerequired

» Lacksflexibilityi.e.thereactorneedsto
be shut down for recharging and

there is difficulty in fuelelement

» Possibilityofradio-activecontamination
in the turbine mechanism

» Wastageofsteammayresultinlowering of
thermalefficiencyonpartloadoperation

* PowerdensityofBWRisnearlyhalfthatof
PWR resulting in large sizevessel

» Possibilityofburn-outoffuelismoreas
waterboilingisonthesurfaceoffuel.

*  BWRcannotmeetasuddenincreasein
load
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HYDROELECTRICPOWERSTSTION&HYDRAULICTURBINESHYDROPOWER:

Hydro-energyisknownastraditionalrenewableenergysource. Itishasedonnatural
circulatingwaterflowanditsdropfromhighertolowerlandsurfacethatconstitutesthe potential.
Inorderto convert this potentialto applicable electric energy, water flow should be led to and
drive a hydraulic turbine, transforming hydro energy into mechanical energy,
thelatteragaindrivesaconnectedgeneratortransformingthemechanicalenergyintoelectric
energy.Ashydroenergyexploitationanditsutilizationarecompletedatthesametime. l.e.the
exploitationoffirstenergysourceandtheconversionofsecondaryenergysourceoccur
simultaneously, unlike the coalpower generation which should have two orders; first order is
exploitationoffuel,secondorderisgeneration,sohydropowerhastheadvantagesoverthermalpower
generation.

Mankindhasusedtheenergyoffallingwaterformanycenturies,atfirstinmechanical ~ form
and since the late 19" century by further conversion to electrical energy. Historically,
hydropowerwasdevelopedonasmallscaletoservelocalitiesinthevicinityoftheplants.With the
expansion and increasing load transfer capability oftransmission networks, power generation
wasconcentratedinincreasinglylargerunitsandto  benefit fromtheeconomiesresulting from
development on a larger scale.

water
= o
Fiow —- .-
i r—
/7{ ‘f’urblne!. !
) o
> L T —-J]
! o G B
. S | ! h! ] i e

GeneralLayoutofadambasedhydroelectricplant

Sites selected for development tended to be the most economically attractive; in this regard,
higher heads and proximity to load centers were significant factors. For this reason,
development was not restricted to large sites, and hydro stations todayrange from less than 1
MWe capacityto more than 10,000 MWe. The efficiencyofhydroelectric generation is more
than twice that of competing thermal power stations.
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TYPESOFPROJECT

Capacity,unitsizeandselectionofEquipment,theirCharacteristicsandSpecifications for
designofhydropowerstationdependupontypeofhydroelectricdevelopmentand
classificationwithrespecttoheadandsize. Therearethreemaintypesofhydropowerschemes
thatcanbecategorizedintermsofhowtheflowatagivensiteiscontrolledormodified. These are:

Run-of-riverplants(noactivestorage);and

Plantswithsignificantstorage
Pumpedstorage

In a run-of-river project, the natural flow of the river is relatively uncontrolled. In a
storageproject,thefillingandemptyingofthe impoundedstoragealongwiththepatternofthe
naturalstream flow controls the flow inthe river downstream fromthe storage impoundment.

Run-of-river plants can be located at the downstream end of a canal fall, open flume,
orpipelinedivertingthe stream’s flow arounda watersupplydam orfalls. Theavailable flow
governsthecapacityoftheplant. Theplanthaslittleornoabilitytooperateatflowrateshigherthanthat
available at the moment.

Inaconventionalplant,adam,whichstores waterinareservoirorlakeimpoundment,
controls the river flows. Water is released according to electric, irrigation, water supply, or
flood control needs. Constructing a dam and storage reservoir can increase the percentage of
time that a project can produce a given level of power. Base load plants- those operated at
relatively constant output-may have either a small capacity relative to the river flow or may
have a significant storage reservoir. Storage reservoirs can be sized for storing water during
wet yearsorwetseasons. Alternatively,theycan besizedtoprovidewaterforweekly ordaily peak
generation. A storage reservoir allows using available energy that might otherwise be wasted
as spill.

Plantswithstorageatbothheadandtailracearepumpedstorageproject.

RunoftheRiverSchemesorDiversionSchemes

This type of development aims at utilizing the instantaneous discharge of the stream.
So the discharge remains restricted to day to day natural yield from the catchments;
characteristicsofwhich willdependonthehydrologicalfeatures.Diurnalstorageissometime
provided for optimum benefits. Development of a river in several steps where tail race
dischargesfromheadraceinflowsfordownstreampowerplantsformsaninterestingvariation of this
case and may require sometimes special control measures.

Small scale power generation also generallyfall in the categoryand mayhave special
control requirement especially if the power is fed into a large grid.
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StorageSchemes

Insuch schemesannual yield from thecatchment is stored in full orpartiallyand then
released according to some plan for utilization of storage. Storage may be for single purpose
such as power development or may be for multi purpose use which may include irrigation,
flood control, etc. therefore, design of storage works and releases from the reservoir will be
governedbytheintendedusesofthestoredwater.Iftheschemeisonlyforpowerdevelopment, thenthe
best use of the water will be by releasing according to the power demand. Schemes with
limited storagemaybedesigned aspeaking units. Ifthewater project formsapart ofthe large grid,
then the storage is utilized for meeting the peak demands. Such stations could beusefully
assigned with the dutyof frequency regulation of the system.

PumpStorageScheme
Principle

The basic principle of pumped storage is to convert the surplus electrical energy
available in a system in off-peak periods, to hydraulic potential energy, in order to generate
power in periods when the peak demand on the system exceeds the total available capacityof
the generating stations.

By using the surplus scheme electrical energy available in the network during low-
demand periods, water is pumped from a lower pond to an upper pond. In periods of peak
demand, thepower stationisoperatedinthegeneratingmode i.e. water fromtheupper pond is
drawn through the same water conduit system to the turbine for generating power.

Therearetwomaintypesofpumpedstorageplants:
Pumped-storage plants and

Mixedpumped-storageplants.
Pump-storage plants: In this type only pumped storage operation is envisaged without any
scopefor conventional generation ofpower. Theseareprovided in places where the run-offis
poor. Further, they are designed only for operation on a day-to-day basis without room for
flexibility in operation.

Mixedpumped-
storageplants:Inthistype,inadditiontothepumpedstorageoperation,someamountof extra energy
can be generatedby utilizingthe additional natural run-off duringa year. These can be
designed for operation on a weekly cycle or other form of a longer period byproviding for
additional storage and afford some amount of flexibility in operation.

CLASSIFICATIONOFHYDROPOWERPLANTS

AssuchtherearenohardandfastrulestoclassifyHydropowerplants.Someofthebasisisas
follows:

BasedonHydraulicCharacteristics
Based on Head

BasedonCapacity

BasedonTurbineCharacteristics
Based on Load Characteristics

Basedoninterconnection
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HydropowerProjectbasedonHydraulicCharacteristics:

Runoffriverplant(Diversionplant)

Storageplant(Impoundmentplant) Pumped
storage plant
Tidalplant

RunoffRiverPlant(DiversionPlant)

Insomeareasoftheworld,theflowrateand elevationdropsofthewaterare

consistent enough that hydro electric plants can be built directlyin the river.

The water is utilized as it comes in the river.
Practically,waterisnotstoredduringfloodperiodsaswellasduringlowelectricity demand
periods, hence water is wasted.

Runoffriverplantmaybewithoutpondageorwithpondage.
Theplantswithpondageareprovidedwithabarragetostorethewater,totakecareofdaily
variation.
Duringgoodflowconditions—cansupplybaseloadandduringlowflowconditions-cansupply
peak load
Seasonalchangesinriverflowandweatherconditionsaffecttheplant’soutput;henceitis in
limited use unless interconnected with grid.
flowsthatoccurinthestreamattheintakeandflowsdownstreamofthepowerhousearevirtually

identical to pre-development flows.

Run-of-riverfacilitiesuselowdamstoprovidelimitedstorageofwater—atmostdaily pondage.
Inarun-offriverSHPscheme,throughdiversionstructurewaterisdivertedtowater conductor
system to the powerhouse.

Waterimpoundedindamforstorageandreleasedinphasedmannertogeneratepowerandfurtherusedfor
irrigation is shown in (figure 1.5.1).
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SiteSelectionforHydropowerPlants

AvailabilityofWater:Run-offdataformanyyearsavailable
WaterStorage:forwateravailabilitythroughouttheyear
HeadofWater:mosteconomichead,possibilityofconstructingadamtogetrequiredhead
Geologicallnvestigations:strongfoundation,earthquakefrequencyisless
WaterPollution:excessivecorrosionanddamagetometallicstructures
Sedimentation:capacityreducesduetogradualdepositionofsilt

SocialandEnvironmentalEffects: submergenceofareas,effectonbiodiversity(e.g.
western ghat), cultural and historic aspects

AccesstoSite: fortransportationofconstructionmaterialandheavymachinerynewrailway lines
or roads may be needed

irrigation,floodcgntrol,navigation,recreation;because

Multipu rPose:powerg]ener_atiqn y
ant is high bécause of civil engineering construction work

initial cost of power p

ClassificationofHydropowerPlants

Accordingtowaterflowregulation:

1. Runoffriverplantswithoutpondage

2. Runoffriverplantswithpondage

3. Hydroelectricplants withstoragereservoir

According to Load:

1. Baseloadplants

2. Peakloadplants

3. Pumpedstorageplants

According to head:
1. Highheadplants(>100m)
2. Mediumheadplants(30-100m)
3. Lowheadplants(<30m)

Lowheadplant

®  Operatingheadislessthan15m.
®  VerticalshaftFrancisturbineorKaplanturbine.

®  Smalldamisrequired.
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Power
Forebay House
Head Gate @
Canal 6\\@"’
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" River
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Mediumheadplant

®  Operatingheadislessthan15to50m.
®  Francisturbines.

¢ Forebayisprovidedatthebeginningofthepenstock.

Head Race
Open Canal

Highheadplant

® Operatingheadexceed50m.
® Peltonturbines.

® Surgetankisattachedtothepenstocktoreducewaterhammereffectonthepenstock.
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FIG. 3.6: LAYOUT OF HYDRO-ELECTRIC POWER PLANT
Componentsofa HPP
SchematicofaHydropowerPlant
ThevariouscomponentsofHPP areasfollows:
1. Catchmentarea
Reservoir
Dam

2

3

4. Spillways
5. Conduits
6

Surgetanks
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7. Drafttubes
8. Powerhouse
9. Switchyardforpowerevacuation
Dam
e Developsareservoirtostorewater
e Buildsupheadforpowergeneration
Spillway
e Tosafeguardthedamwhenwaterlevelinthereservoirrises
Intake
e Containstrashrackstofilteroutdebriswhichmaydamagetheturbine
Forebay
e Enlargedbodyofwaterjustabovetheintake
ForebayConduits
e Headraceisachannelwhichleadthewatertotheturbine
e Tailraceisachannelwhichcarrieswaterfromtheturbine
e Acanalisanopenwaterwayexcavatedinnaturalgroundfollowingitscontour.
e Aflumeisanopenchannelerectedonasurfaceaboveground.
e Atunnelisaclosedchannelexcavatedthroughanobstruction.
e Apipelineisaclosedconduitsupportedontheground.

o Feg:stocksareclosedconduitsforsupplyingwater"underpressure”fromheadpondtothe
urpines.

SurgeTank

e Asurgetankisasmallreservairinwhichthewaterlevelrisesorfallstoreducethepressureswings
so that they are not transmitted to the penstock.

e \WaterHammer

o Loadontheturbineissuddenlyreduced

o Governorclosesturbinegates

o Suddenincreaseofpressureinthepenstock
e NegativePressure

o Loadonthegeneratorissuddenlyincreased
o Governoropenstheturbinegates
o Tendstocauseavacuuminthepenstock

. Whenthe?(atesar_eclosed,_vv_aterlevelrisesinthesurgetankandwhenthegatesaresuddenIyopened,
surge tank provides the initial water supply.




POWERSYSTEMS-I MRCET yNIT-1GENERATIONOFELECTRICPOWER

SurgeTankDraftTubes

Thefunctionofthedrafttubeisto

e Toreducethevelocityheadlossesofthewater

e Toallowtheturbinetobesetabovethetailracetofacilitateinspectionandmaintenance

Tailrace:

e Atailraceisrequiredtodischargethewaterleavingtheturbineintotheriver.
e Thedesignofthetailraceshouldbesuchthatwaterhasafreeexit.
PowerHouse
1. Hydraulicturbines

Electricgenerators

Governors

Gatevalves

2
3
4
5. Reliefvalves
6. Watercirculationpumps
7. Airducts
8. Switchboardandinstruments
9. Storagebatteries
10. Cranes
Switchyard
1. Stepuptransformers
2. Instrumenttransformers

3. Transmissionlines
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Advantagesofhydropowerplant:
e Waterisarenewableenergysource.
e Maintenanceandoperationchargesareverylow.
e Theefficiencyoftheplantdoesnotchangewithage.

e Inadditiontopowergeneration,hydro-electricpowerplantsarealsousefulforflood
control, irrigation purposes, fishery and recreation.

e Havealongerlife(100to125years)astheyoperateatatmospherictemperature.
e Waterstoredinthehydro-electricpowerplantscanalsobeusedfordomesticwatersupply.

e Since hydro-electricpowerplantsrunatlowspeeds(300to400rpm)thereisno
requltrementofspema alloysteelconstructionmaterialsorspecialisedmechanical
maintenance.

Disadvantagesofhydropowerplant:
o Theinitialcostoftheplantisveryhigh.
o §incethegareIPcatedfarﬁv%%yfromtheloadcentre,costoftransmissionlinesand
ransmission foSses wi more.

o Rg{l %1'5% %&agﬁﬁ%%epe%\é\/rg Irr(_)ductlonmaybereducedorevenstoppeddueto

o Waterinthereservoirislostbyevaporation.
PUMPSTORAGESCHEME

Principle

The basic principle ofpumped storage is to convert the surplus electrical energyavailable in a
system in off-peak periods, to hydraulic potential energy, in order to generate power in periods
whenthe peak demand onthe systemexceeds the totalavailable capacityofthegenerating stations.

By using the surplus scheme electrical energy available in the network during low-demand
periods,waterispumped fromalowerpondtoanupperpond.Inperiodsofpeakdemand,thepower station is
operated in the generating mode i.e. water from the upper pond is drawn through the same water
conduit system to the turbine for generating power.

Therearetwomaintypesofpumpedstorageplants:
Pumped-storage plants and
Mixedpumped-storageplants.
Pump-storage plants: In this type only pumped storage operation is envisaged without any scope

forconventionalgenerationofpower. Theseareprovidedinplaceswheretherun-offispoor.Further,theyare
designed only for operation on a day-to-day basis without room for flexibilityin operation.
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Mixed pumped-storage plants: In this type, in addition to the pumped storage operation, some
amount of extra energy can be generated by utilizing the additional natural run-off during a year.
Thesecanbedesigned  foroperationonaweeklycycleorotherformofa longerperiodbyproviding  for
additional storage and afford some amount of flexibility in operation.

PumpedStoragePlant

Wateris_utiIizedfor%enerationofpowerqluringpeakdemand,whiIesamev_vaterisPump_edbackin the
reservoir during offpeak demand period, when excess power is available for this purpose.

Ifturtt;)ineisaeversible, itcanbeusedasapumptosupplywaterbacktoreservoir,otherwiseseparatepump
can be used.

Basedonoperatingcycleitcanbeclassifiedas:
Plantwithadailycycle:waterispumpedupfrommidnighttoearlymorningaswellasnearlunchtime.
Plantwithaweeklycycle:waterispumpedupduringweekend.

_ Plantwithaseasonalcycle:waterispumpedupinthewintercontinuouslyforseveraldaystobe
utilized for a continuous power generation in the high demand summer period.

PUMPEDSTORAGEPOWERPLANTS

These plants supply the peak load for the base load power plants and pump all or a portion of their
ownwatersupply. Theusualconstructionwouldbeatailwaterpondandaheadwaterpondconnectedthrough
a penstock. The generating pumping plant is at the lower end. During off peak hours, some of the
surplus electric energy being generated bythe base load plant is utilized topump the water fromtail
water pond into the head water pond and this energy will be stored there. During times of
peakload,thisenergywillbereleasedbyallowingthewatertoflowfromtheheadwaterpondthrough the
water turbine of the pumped storage plant. These plants can be used with hydro, steam and i.e.
engine plants. This plant is nothing but a hydraulic accumulator system and is shown. These plants
can have either vertical shaft arrangement or horizontal shaft arrangement. Inthe older plants, there
were separate motor driven pumps and turbine driven generators. Theimprovement was the pump
and turbine on the same shaft with the electrical element acting aseither generator or motor. The
latest designisto useaFrancisturbinewhichis justthereverseofcentrifugalpump. Whenthewater flows
through it from the head water pond it will act as a turbine and rotate the generator. When
rotatedinthereversedirectionbymeansofanelectric motor,it will act asapumpto shunt thewater from
the tail water pond to the head water pond
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PowerEstimation

Thepotentialelectricpowerofthewaterintermsofflowandheadcanbecalculatedfromthefollowing

equation.

Where,

Hydrology

KW=9.81xQxHxn

kW=electricpowerinkW

Q = quantity of water flowing through the hydraulic turbine in cubic meters per
second. Discharge (quantity of water) flowing in a stream and available for power
generationhasdailyandseasonalvariation.Optimumdischargeforpowergeneration is
determined on the basis of energy generationcost.

H=Netavailableheadinmeters(grosshead—losses)

=overallefficiencyofthehydropowerplant.Forgeneralestimationpurposes,nisnormally
taken as 0.85
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 Firstrequirement—Q(discharge)
* Hydrologydealswithoccurrenceanddistributionofwateroverandunderearth’ssurface.
— SurfaceWaterHydrology
— GroundWaterHydrology
« Watershed,catchmentareaordrainagearea:lengthoftheriver,sizeandshapeoftheareait
affects, tributaries, lakes, reservoirsetc.
+ Investigationofrun-offforpastfewyearsisrequiredforpowerpotentialstudiesofaHPP.

ObjectivesofHydrology

« Toobtaindataregardingthestreamflowofwaterthatwouldbeavailable,

» Topredicttheyearlypossibleflow

» Tocalculatethemeanannualrainfallintheareaunderconsiderationfromarecordoftheannual
rainfall for a number of years, say25 t030

« Tonotethefrequencyofdryyears

+ Tofindmaximumrainfallandfloodfrequency

VarioustermsrelatedtoHydrology
+ Rainfallisalsoknownasprecipitationandcanbemeasuredbyraingauges.
«  Somepartofprecipitationislostduetoevaporation,interceptionandtranspiration.
« Transpiration:Plantsabsorbingmoistureandgivingitofftotheatmosphere
«  Streamflow=precipitation—losses
«  Streamflow=surfaceflow+percolationtoground
+  Surfaceflowisalsoknownasrun-off.
« Hydrograph:
— Showsthevariationofstreamflowinm®/swithtimeforaparticularriversite. The time
may be hour, week, month or a year.
— Theareaunderhydrographgivesthetotalvolumeofflow

« Flowdurationcurve:
— Showsthepercentageoftimeduringtheperiodwhentheflowwasequaltogreaterthan

the given flow.
— TheareaunderFDCgivesthetotalquantityofrun-offduringaperiod

* Masscurve
— Indicatesthetotalvolumeofrun-offincubicmetersuptoacertaintime.
— theslopeofthecurveatanypointshowstherateofflowatthattime
— Usedforestimatingthecapacityofstoragereservoir

« Storage:
— toensurewateravailabilityduringdeficientflowandthusincreasingthefirmcapacity
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— Storagealsoresultsinmoreenergyproduction
« Pondage:
— Storingwaterinsmallpondsnearthepowerplantasthestoragereservoir isaway
fromplant
— Tomeetthepowerdemandfluctuationsoverashortperiodoftimee.g.24hours

« PrimaryPower:powerthatwillbeavailable90%ofthetime

« SecondaryPower:powerthatwillbeavailable75%ofthetime

«  DumpPower:powerthatwillbeavailable50%ofthetime.

«  Maximumflowestimation:givesestimationoffloodsandhelpsindesignofdamand
spillway.

HYDROGRAPH&FLOWDURATIONCURVE:-

* A hydrograph indicates the variation of discharge or flow with time. It is plotted with
flows as ordinates and time intervals as abscissas. The flow is in m%/sec and the time
may be in hours, days, weeks or months.

» A flow duration curve shows the relation between flows and lengths of time during
whichtheyare available. The flows are plotted as the ordinates and lengths oftime as
abscissas. The flow duration curve canbe plotted from ahydrograph.

THEMASSCURVE:-

The use of the mass curve is to compute the capacity of the reservoir for a hydro site. The
mass curve indicates the total volume of run-off in second meter-months or other convenient units,
duringagivenperiod. Themasscurveisobtainedbyplottingcumulativevolumeofflowasordinateandtime
(days, weeks bymonths)asabscissa. Fig. 11.2showsa masscurve foratypicalriver forwhichflow data is
given in Table 11.2. The monthly flow is only the mean flow and is correct only at the beginning
and end of the months. The variation of flow during each month is not considered. Cumulative daily
flows, instead of monthly flows, will give a more accurate mass curve, but this involves an
excessive amount of work. The slope of the curve at any point gives the flow rate in second- meter.
Let us join two points X and Y on the curve. The slope ofthis line gives the average rate of flow
during the period between X and Y. This will be = (Flow at Y-Flow at X)/Time Span
Lettheflowdemandbe,3000sec-meter. ThenthelineX-Y maybecalledas
“demand line'or ,,Useline®. If duringa particular period, the slope of the mass Curveis greater than
thatofthedemandline, itmeansmorewaterisflowingintothereservoirthanisbeingutilized,so the level of
water in the reservoirwill beincreasing duringthat period and viceversa. Upto point X and beyond
point Y the reservoir will be overflowing. Being full at both X andY.
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The capacityof the reservoir is given bythe maximum ordinate between the mass curve and
the demand line. Forthe portion ofmass curve between point X and Y, the storage capacityis about
4600 sec-meter-month. However, considering the entire mass curve, storage capacity will be about
15,400sec-meter-months.

48,000 — g

40,000 —

32,000 Mass Curve A"
-

24,000 — w2

16,000 — -

Flow, Second-mefre.month ——
\
LY

8,000 — -

A M M | A S O N | | F M
Tima, Months —




POWERSYSTEMS-1 MRCET

UNITII
ECONOMICSOFPOWERGENERATION

ECONOMICASPECTSOFPOWERGENERATION
TOPICS

Loadcurve,loaddurationcurve,integratedloaddurationcurve,masscurve,numberandsize of
generatorunits,demandfactor,Diversityfactor,Plantcapacityfactor,utilizationfactor,cost of
Generation and their division in to fixed, semi fixed and running cost.
TariffMethods:objectivesofTariff, Tariffmethods.

ECONOMICASPECTSOFPOWERGENERATION

The capacity of power station mainly depends on load demand. The load on the power
stationis notconstant,butvaryingtimeto time.Before fixingthesizeand numberofunits
generatedinapowerstation, itisnecessarytostudythetechnicalandeconomicfeasibilityof the
power station.

Natureofload.

Futureloadconditions.

Locationofload.

Reliabilityofsupply.

Reservecapacity.

Minimumcapitalandoperating(Running)cost.

YVVVYVYVYY

TYPESOFLOADS

ADevicewhichtapsElectricalEnergyfromtheElectricalPowerSystemiscalledal.oadon the
system.

The loadcanberesistive (eg.Electric lamp),Inductive(e.ginduction motor),Capacitive orsome combination
of them.

Domesticload
Commercialload
Industrialload
Municipalload
Irrigationload
Tractionload

VVVVYVYY
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LOADCURVE

Thecurveshowingthevariations ofLoadonthePowerstationwithrespecttotimeis known

as a “load curve”.
s Theloadonthepowerstationisnotconstant,butvaryingtimetotime. Thecurveobtained by

plotting Time in hours (day, monthor year) onX-axis and Load (kW or MW) onY - axis is

known as load curve.
¢ Ifthedailyvariationsinloadonthepowerstationisdrawn,suchacurveisknownasdaily load

curve.
s Fromthedailyload curvesof aparticularmonth,themonthlyload curvecanbe obtained by

calculating the average values of power at a particular hour on each day.
s The yearly/annual load curve can be obtained by considering all monthly load curves

of a particular year.
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| Figure 6.2 Daily Load Curve
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Fromtheloadcurvewecanknowthefollowing %
information. 1MW
% Thevariationinloadduringdifferent %
hours of a day.

% Theareaunderloadcurverepresentsthe
totalnumberofunitsgenerated(inkWh)in 15 ISMW 3 15 MW

a day. :_\:
% Themaximum andminimum load in a | o
day. 10 10 MW E "
% The area under load curve (in kWh)
divided by number of hours (24 hours) IMW
gives the average load on the power
station.
Average load= Area under daily load
curve( Kwh) /24 hours
% Theareaunderloadcurvedividedby le L
areaofrectangleinwhichitiscontained A==
gives load factor. _
% TheLoadcurvehelpsinselectingthe size = Time in Hour

and number of generatingunits.
% Theloadcurvehelpsinpreparingtheoperationscheduleofthestation.

LOADDURATIONCURVE

MW

Load in MW

S MW

-

10 12

=
e s
o S
oo
-

WhenthelL oadelementsofaloadcurvearearrangedintheorderofdescending
magnitudes, the curve thus obtained is called a “Load Duration curve”.
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» The LoadDurationCurveisobtainedfromthesamedataasthe LoadCurvebutthe
ordinates are arranged in the order of descending magnitudes.

» Inotherwords,themaximumLoadisrepresentedtotheleftanddecreasingloadsare
represented to the right in the descending order.

» LoadDurationCurve givesthenumberofhoursforwhichaparticularloadisonthe Power
station.

» TheareaundertheLoaddurationcurveisequaltothatofthecorrespondingloadcurve.The
area under this curve gives the number of units generated.

25

20
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25 MW

20 MW

15 MW

10 MW

Tirmne in Hours

LOADANDL OADDURATIONCURVE
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INTEGRATEDLOADDURATIONCURVE(ENERGYLOADDURATIONCU

RVE

Thiscgrvegivesthetotalnumberofunitsgenerated(KWh)forthegivendemand.

Integrated load duration curve is drawn between the MW demand and the total energy
generated (KWh or MWh) at a given demand.

In Integrated load duration curve on Y-axis, load demand in KW or MW is plotted while on
x-axis correspondingnumberofunits generated are obtained.Such acurvecorresponding to

load duration curve shown in Fig.
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&
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Fig.llntegratedLoadDurationCurve

Thiscurveisobtainedfromloaddurationcurve.Lettheloaddemandbe3kW{fromthe
loaddurationcurveinsectionl. Thenumberofunitsgeneratedcorrespondingtothisdemand
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willbeareaundersectionlwhichisshownasU;inintegratedloaddurationcurve.Similarlythe

other points are also obtained to get a total curve.
Thenumberofunitsconsumedbyaloaduptoaparticulartimeofadaycanalsobeshownonacurve

which is called as mass curve.

IMPORTANTTERMSANDFACTORS

CONNECTEDL OAD:Itisthesumofcontinuousratingsofalltheequipmentsconnectedto
supply system.
Itisdefinedasthesumofthecontinuousratingsofallload-consumingapparatusconnectedto the
system.
Ifaconsumerhas5incandescentlamps of60watteachand2fansof80watteach,thenthe total
connected load

=5 X60+2X80
=460watt

MAXIMUMDEMAND(FORPEAKL OAD)

TheMaximumofalldemands(loads)onapowerstationduringagivenperiodisknown as
Maximum Demand.
Generallyalltheconsumersneverswitchedonallthedevicesatfullloadsimultaneously.lfall consumers
switched on simultaneously, then the load is equal to connected load.
Hence,MaximumDemandisalwayslessthanorequaltoconnectedload.Maximumdemandhelpsin
determining the

DEMANDEACTOR.

DemandfactorisdefinedastheratioofMaximumdemandonthepowerstationtothe connected
load.

Maximum demand

Demand factor =
Connected load

Thevalueofdemandfactorisusuallylessthanl.Itisexpectedbecausemaximumdemandon the
power station is generally less than the connected load.
Demandfactorisusedtodeterminethecapacityoftheplantequipment.

AVERAGELOAD.
Theaverageofloadsoccurringonthepowerstationinagivenperiod(dayormonthor
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year)isknownasaverageloadoraveragedemand.

No.of units (kWh)generated in a day
24 hours

Daily average load =

No. of units (kWh)generated in a month

Monthly average load =
: No. of hours in a month

No.of units (kWh) generated in a year
365 X 24 hours

Yearly average load =

LOADFACTOR.
The ratio of average load to the maximum demand during a given period is known as

load factor.
Average Load

Load Factor =
oaa Facot Max. Demand

IftheplantisinoperationforThours,
Average Load XT
Max. Demand XT

Load Factor =

No. of units generated in T hours
Max.Demand X T hours

Load Factor =

Theloadfactormaybedailyloadfactor,monthlyloadfactororannualloadfactorifthetime  period
considered is a day or month or year.

Load factor is always less than 1 because average load is smaller than the maximum
demand. The load factorplays keyrole in determining theoverall cost per unit generated.
Higher the load factor of the power station, lesser will be the cost per unit generated.

DIVERSITYFACTOR.
The ratio of the sum of individual maximum demands to the maximum demand on
power station is known as diversity factor.
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Sum of individual max. demands

Diversity factor = ,
Max. Demand on Power station

Thesumofindividualmaximumdemands isalwaysgreaterthanthe maximumdemandof the
power station.
Hence,thediversityfactorisalwaysgreaterthanunity(>1).Thediversityfactorreducesthe
capital cost of the station and rate of generation of electricity.

PLANTCAPACITYFACTOR.

Itistheratioofactualenergyproducedtothemaximumpossibleenergythatcouldhave been
produced during a given period i.e.,
Actual energy produced(KWh)

Plant ity factor =
ant capacity factor Max. energy that could have been produced

Averageload X T
Plant capacity X T

Plant capacity factor =

Average load

Plant ity factor =
ant capacity factor Plant capacity

Thusiftheconsideredperiodisoneyear,
Annual kWh output

Plant capacity X 8760

Annual plant capacity factor =

Theplantcapacityfactorisanindicationofthereservecapacityoftheplant. Apowerstation is so
designed that it has some reserve capacity for meeting the increased load demand in future.
Therefore, the installed capacity ofthe plant is always somewhat greater than the maximum
demand on the plant.

Reservecapacity=Plantcapacity-Max.demand

PLANTUSEFACTOR.
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It isratioof kWhgenerated tothe product of plant capacity and the number of hours
for which the plant was in operation i.e.

power Station output in kWh
Plant capacity X Hours of use

Plant use factor =

Suppose a plant having installed capacity of 20 MW produces annual output of 7-35 x 10°
kWh and remains in operation for 2190 hours in a year. Then, Plant use factor =0-167 =

16-7%.

SELECTION OF GENERATING UNITS ( NUMBER AND
SIZEOFGENERATING UNITS)

I
500 500 -
I A ANZAY
11 b L
400 A0 .': :;3_:-\-—
= 300 / 300 L. ' :
= T\ Ll 1 Ao 7/ 1A
Eznc / / 200 : g"'- Al |
/
1RIAY ORI T
.
12 4 8 12 4 8 12 12 4 8 12 4 B 12
Mic- MNoon
night Tirme in hours ——»
(i) (if)
1. Theloadonapowerstationisseldomconstant;itvariesfromtimetotime.Obviously,
asinglegeneratingunit(i.e.,alternator)willnotbeaneconomicalpropositiontomeet this
varying load.

2. It is because a single unit will have very poor efficiency during the periods of light
loads on the power station. Therefore, in actualpractice, a number of generating units

of different sizes are installed in a power station.
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3. Theselectionofthenumberandsizesoftheunitsisdecidedfromtheannualloadcurve of the
station. The number and size of the units are selected in such a way that theycorrectly
fit the station load curve.

Once this underlying principle is adhered to, it becomes possible to operate the generating
units at or near the point of maximum efficiency.

Illustration. Theprincipleofselectionofnumberandsizesofgeneratingunitswiththehelp of load
curve is illustrated in Fig. The annual load curve of the station is shown in fig.lt is clearfrom
the curve that load on the station has wide variations; the minimum load being
somewhatnear50k\Wandmaximumloadreachingthevalueof500kW.Ithardlyneedsany mention
that use of a single unit to meet this varying load willbe highly uneconomical.

As discussed earlier, the total plant capacity is divided into several generating units of
differentsizestofittheloadcurve.ThisisillustratedinFig.Heretheplantcapacityisdivided into
three units numbered as 1, 2 and 3. The cyan colour outline shows the units capacity being
used.Thethreeunits employed havedifferent capacities and areused accordingtothe demand
on the station. In this case, the operating schedule can be as under:

Time Unitsinoperation
From12midnightto7A.M. Onlyunitno.lisputinoperation.

From7A.M.to12.00noon Un|tno.2|§alsostart_edsothatbothun|tsl
and 2 are in operation.

Unitno.2isstoppedandonlyunitloperates.

From12.00noonto2P.M.

From2P.M.to5P. M. Unitno.2isagainstarted.Nowunitsland2 are

in operation.
From5P.M.t010.30P.M. Units1,2and3areputinoperation.
Fr_om_10.30P.M.t012.00 Unitsland2areputinoperation.
midnight

Thus by selecting the proper number and sizes of units, the generating units can be made to
operate near maximum efficiency. This results in the overall reduction in the cost of
production of electrical energy.
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ImportantPointsintheSelectionofUnits

Whilemakingtheselectionofnumberandsizesofthegeneratingunits,thefollowingpoints  should
be kept in view:

(i) The number and sizes of the units should be so selected that they approximatelyfit
theannual load curve of the station.

(i) Theunitsshouldbepreferablyofdifferentcapacitiestomeettheloadrequirements.
Althoughuseofidenticalunits(i.e.,havingsamecapacity)ensuressavingincost,theyoftendonot
meet the load requirement.

(i1i) Thecapacityoftheplantshouldbemade15%t020%morethanthemaximumdemand
tomeetthefutureloadrequirements.

(iv) Thereshouldbeasparegeneratingunitsothatrepairsandoverhaulingoftheworkingunits
can be carried out.

(v) The tendency to select a large number of units of smaller capacity in order to fit the
load curve very accurately should be avoided. It is because the investment cost per kW of
capacity increases as the size of the units decreases.

BASELOADANDPEAKLOADONPOWERSTATION

The changing load on the power station makes its load curve of variable nature. Fig shows
thetypicalloadcurveofapowerstation. Itisclearthatloadonthepowerstationvaries from time to
time. However, a close look at the load curve reveals that load on the power station can be
considered in two parts, namely;
() Baseload

(ii) Peakload I

Peak load

(i) Baseload.
Theunvaryingloadwhichoccursalmostthewholeday
on the station is known as base load. Referring to
the load curve ofFig it is clear that 20 MW of load
has to be supplied by the station at all
timesofdayandnighti.e.throughout24hours. 7 7% /
Therefore,20MWisthebaseloadofthestation.As 0 4 B8 12 16 20 24
baseloadonthestationisalmostofconstantnature, — Time in hours—»
therefore,itcanbesuitablysuppliedwithoutfacingthe

problems of variable load.

Load in MW

|
. . 1
10 [ Base load 777 :
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(i) Peakload.Thevariouspeakdemandsofloadoverandabovethebaseloadofthestati
onisknownas peakload.
ReferringtotheloadcurveofFigitisclearthattherearepeakdemandsofloadexcluding

baseload. Thesepeakdemandsofthestationgenerallyformasmallpartofthetotal ~ loadand may
occur throughout the day.

MethodofMeetingthel oad

Thetotalload on apowerstation consistsof twoparts viz.,baseloadandpeak load.In order to
achieve overall economy, the best method to meet load is to interconnect two different
power stations.

The more efficient plant is used to supply the base load and is known as base load power
station. The less efficient plant is used to supply the peak loads and is known as peak load
power station.

There is no hard and fast rule for selection of base load and peak load stations as it would
depend upon the particular situation. For example, both hydro-electric and steam power
stationsarequiteefficientandcanbeusedasbaseloadaswellaspeakloadstationto meetaparticular
load requirement.

Illustration. Theinterconnectionofsteamand hydroplantsisabeautifulillustrationto meet the
load. When water is available in sufficient quantity as in summer and rainy season, the
hydroelectric plant is used to carry the base load and the steam plant supplies the peak
load.

However,whenthewaterisnotavailable insufficientquantityasinwinter, thesteamplant carries
the base load, whereas the hydro-electric plant carries the peakload as shown in fig.
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ECONOMICSOFPOWERGENERATION

Theartofdeterminingtheperunit(i.e.,onekWh)costofproductionofelectricalenergy is
known as economics of power generation.

(i) Interest.

Thecostofuseofmoneyisknownasinterest.
Apowerstationisconstructedbyinvestingahugecapital. Thismoneyisgenerallyborrowed from
banks or other financial institutions and the supply company has to pay the annual intereston
this amount.

Therefore, while calculating the cost of production of electrical energy, the interest payable
onthecapitalinvestmentmustbeincluded. Therateofinterestdependsuponmarketposition  and
other factors, and may vary from 4% to 8% per annum.

(i) Depreciation.

The decrease in the value of the power plant equipment and building due to constant use
Is known as depreciation.

If the power station equipment were to last forever, then interest on the capital investment
wouldhavebeentheonlychargetobemade.However,inactualpractice,everypowerstation has a
useful life ranging from fifty to sixty years.

Fromthetimethepowerstationisinstalled,itsequipmentsteadilydeteriorates dueto wear and
tear so that there is a gradual reduction in the value of the plant. This reduction in the
valueofplanteveryyearisknownasannualdepreciation.Duetodepreciation,theplanthas to be
replaced by the new one after its useful life. Therefore, suitable amount must be set aside
every year so that by the time the plant retires, the collected amount by way of depreciation
equals the cost of replacement.

COSTOFELECTRICALENERGY
Thetotalcostofelectricalenergygeneratedcanbedividedintothreeparts,namely;

(i)Fixedcost;(i1)Semi-fixedcost;(iii)Runningoroperatingcost.
(i) Eixedcost.Itisthecostwhichisindependentofmaximumdemandandnumberofunits

generated.
Thefixedcostisdueto
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» theannualcostofcentralorganisation,
» interestoncapitalcostofland
» salariesofhighofficials.

Theannualexpenditureonthecentralorganisationandsalariesofhighofficials is fixed
sinceithastobe metwhethertheplanthashighorlowmaximumdemandoritgenerates less or
more units. Further, thecapital investmentonthe land is fixedand hencetheamountof
interest is also fixed.

(i) Semi-fixedcost. Itisthecostwhichdependsuponmaximumdemandbutis
Independent of units generated.
Thesemi-fixedcostisdirectlyproportionaltothemaximumdemandonpowerstationand
iIsonaccountof

» annualinterestanddepreciationoncapitalinvestmentofbuildingandequipment,

> taxes,

» salariesofmanagementandclericalstaff.
Themaximumdemandonthepowerstationdeterminesits ~ sizeand  costof installation. The
greaterthemaximumdemandonapowerstation,thegreaterisitssizeandcostofinstallation. Further,t
hetaxesandclericalstaffdependuponthesizeoftheplantandhenceuponmaximum demand.

(i) Runningcost. Itisthecostwhichdependsonlyuponthenumberofunitsgenerated.
Therunningcostisonaccountof

» annualcostoffuel,

» lubricatingoil,

» maintenance,repairsand

» salariesofoperatingstaff.

Sincethesechargesdepend upontheenergyoutput,therunningcostisdirectlyproportional
tothenumberofunitsgeneratedbythestation.Inotherwords,ifthepowerstationgenerates more
units, it will have higher running cost and vice-versa.

ExpressionsforCostofElectricalEnergyTheoverallannualcostofelectricalenergygenerat
edbyapowerstationcanbeexpressed in  two
forms ie. three part form and two part form.
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(1) Threepartform.Inthismethod,theoverallannualcostofelectricalenergygeneratedis divided
into three parts ie. fixed cost, semi-fixed cost and running cost

Totalannualcostofenergy=Fixedcost+ Semi-fixedcost+Runningcost

=Constant+Proportionaltomax.demand+ProportionaltokWh
generated.

=Rs(a+bkW+ckWh)
where
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a=annualfixedcostindependentofmaximumdemandandenergyoutput.ltisonaccount of the
costs mentioned.

b=constantwhichwhenmultipliedbymaximumkWdemandonthestationgivestheannualsemi-
fixed cost.
c=aconstantwhichwhenmultipliedbykWhoutputperannumgivestheannual runningcost.

(i) Twopartform.ltissometimesconvenienttogivetheannualcostofenergyintwopartform.In
this case, the annual cost of energy is divided into two parts i.e.
afixedsumperkWofmaximumdemandplusarunningchargeperunitofenergy.The
expression for the annual cost of energy then becomes:
Totalannualcostofenergy=Rs.(AkW +BkWHh)
whereA=aconstantwhichwhenmultipliedbymaximumkWdemandonthestationgives the
annual cost of the first part.
B=aconstantwhichwhenmultipliedbytheannualk\WWhgeneratedgivestheannualrunning cost.
Itisinterestingtoseeherethattwo-partformisasimplificationofthree-partform.

TARIFF

The rate or charge at which electrical energy is supplied to a consumer is known
as ""Tariff".

Theelectricsupplierproduces electricalenergyinapowerstationandisdeliveredtovarious
consumers. These suppliers invest capital cost on equipment, land, building etc. and they
derive income from consumers through electricity bills.

The different methods of charging consumers are known as Tariff. Tariff should be
such that, it not only recovers the total cost of producing electrical energy, but also earns
profit on the capital investment.
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OBJECTIVESOFTARIFFE

Themain objectiveof Tariffisto recovervariousinvestmentson production of electrical energy.
Tariff should fulfill the following items.

 Recoveryofcostofcapitalinvestmentingeneration, Transmissionanddistributionof
equipment.

 Recoveryofcostofoperation,supplies,maintenanceandlosses.
 Recoveryofcostofmetering,billingcollectionandmiscellaneousservices.
« Asatisfactorynetreturnsonthecapitalinvestment.

FEACTORSAFFECTINGTHEDESIGNOFTARIFF(OR)BASICCHARACTERISTICSOET
ARIFF

Theelectricenergysupplyisdifferent fromotherformsofbusiness.Hence,the following factors
will be taken into account while fixing the Tariff.

« Itis notpossibletostoreelectricityinhugeamounts.Hence, thetariffshouldbesuchthat, it
ensures proper returns from each consumer.

« Electricalenergymustbeavailable wheneverneeded.Hence, Tariffshouldearnsufficient
money to meet the instant demand.

« Thevariousconsumersareencouragedtomakeeffectiveandefficientuseofelectricity.

« Thesuppliershaveacontroluptotheelectricitymeter.Hence,theuseofelectricitybyconsumer
cannot be controlled.

« TheTariffshouldbedesignedinsimplesuchthatanordinaryconsumercaneasilyunderstand
it.

« Thetariffshouldbefairinordertosatisfythedifferenttypesofconsumers.

« Itshouldhaveaprovisionofchargingapenaltyforconsumersatlowpowerfactor.
» Thetariffshouldbeuniformoverlargepopulation.

« Itshouldprovideincentiveforusingelectricalenergyduringoff-peakhours.

« Abigconsumershouldbechargedatalowerratethansmallerconsumer,becauseincreaseinuse
of electricity decreases the cost of generation per unit.

TYPESOFTARIFFS
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Large numberofTariffshavebeenproposedtimetotime,butthe followingaresomeoftheTariffs which
are in common use.

1. simpleTariff(or)UniformTariff
2. FlatRateTariff

3. BlockRateTariff

4, Two-partTariff

5. MaximumDemandTariff

6. PowerFactorTariff

1. SimpleTariff(or)UniformTariffIftherateorchargeperunitofelectricalenergyconsumedisfix
ed,suchatariffis known as Simple or Uniform Tariff.

Thisisthesimplesttypeoftariffinwhichthecostofenergyconsumedischargedonthebasisof
numberofunitsconsumed.Thecostperunitischargedas follows.

Annual fixed charges + Annual running charges

Cost per unit = - -
P Total number of units supplied to the consumer annualy

Advantages:
(a) ItissimplesttypeofTariffandeasytounderstand
(b) Calculationiseasy.

Disadvantages:
(a) Thecostperunitdeliveredwillbehigher.

(b) Nodiscriminationbetweendomestic(small)consumerandbulkconsumers,hence
allconsumers have to pay equitably for the fixed charges.

(c) Itdoesnotencouragetheuseofelectricity.
2.FlatRateTariff:

If the different types of consumers are charged at different rates per unit energy
consumed, such a tariff is known as Flat rate Tariff.

In this type, the consumers are classified into different classes (such as domestic, industrial,
public etc) and each class of consumer is charged at different rates. The different class of
consumer is made by taking into account their load factors and diversity factors. If the
consumer has two types of loads, say
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(1) Lightingloads(lightandfanetc)and

(2) Powerloads,

thentwometersaretobeinstalledathispremises,oneforlightingloadandanotherforpower
load. TheFlatrateperkWh(unit)forlightingloadmaybeslightlyhigherthanthepower

load.SupposetherateperkWhforlightingloadandpowerloadbe60paiseand55paiseandmeterrent
maybeRs.2.50/-per meterpermonth,thenthe monthlybillcalculationwillbeas follows.

No.of
Type of punits 1 pverUnit Cost MeterRent TotalBill
Load Consu

med

Lighting . 50X60=3000paise
Load Sayb0 | 60paise ~Rs30/- Rs2.50/- Rs32.50/-
Power Say80 | 55paise 80X55=4400paise Rs2.50/- Rs46.50/-

=Rs44/-

ThetotalbillofaconsumerpermonthRs79/-

Advantages:
(a) Tariffisfaireranditcanbeunderstoodbydifferenttypesofconsumers.
(b) Simpleincalculation.

Disadvantages:
(a) ltisdifficulttoclassifytheconsumersbasedonloadfactoranddiversityfactor.

(b) Separatemetersarerequiredforlightingandpowerload,willmake thesystemcomplex and
expensive.

(c) Doesnotencouragetheuseofelectricity.

3. BlockRateTariff:

Ifoneblockofenergyischargedataspecified  rateandnextblockofenergyischarged  at
reduced rates, such a tariff is known as Block Rate Tariff.

In this type of tariff, the energyconsumption is divided into blocks. The cost perunitin first
block is high and the cost per unit in next blocks is progressively reduced. Hence, the
consumer who consumes large units has to pay less as compared to the consumer, who
consumes fewer units.
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Forexampleinadomesticthetotalnumberofunitsis100,thenThe first

30 units may be charged @ 60 paise per unit,
Thenext50unitsmaybecharged @50paiseperunitand

Theremaining20units maybecharged @30paiseperunit.

Then,thetotalbillwillbe30x60+50x50+20x30=4900paise=Rs.49/-.

Advantages:

(a) Theconsumergetsanincentiveforconsumingmoreunits.

(b) Thistariffincreasestheloadfactor,therebydecreasesthecostofunitgenerated.
Disadvantages:

(a) Dividingtheunitsintoblocksisproblem.

(b) Calculatingthebill.

4. Two-partTariff:

If the consumers are charged on the basis of maximum demand and units consumed,
such a tariff is knows as Two part Tariff.

In this type of Tariff, the total charges are split into two parts namely fixed charges and
running charges. Fixed charges are proportional to maximum demand (kW) and
running charges are proportional to number of units consumed (kWh).

Generally this tariff is expressed as
Totalcharges=Rs(a*kW+b *kWh)
Wherea=ChargeperKWofmaximumdemandb= Charge

per Kwh of energy consumed.

Advantages:
(a) ltcanbeeasilyunderstandbytheconsumers.

(b) Itrecoversthe fixedchargeswhichdependonmaximumdemand,suchasinterest
anddepreciation on capital cost of build