Generation, Transmission & Distribution

1. 0. Generation of Electricity: The modern age lining cannot be thought of without the
electricity. Generation of electricity is nothing but conversion of some other form of energy hike
potential energy, kinetic energy, chemical energy. heat energy, atomic enérgy etc to electricity.
There are many ways of generating electricity conventional and non-conventional ways. The
conventional sources are fossil fuels, water, atomic energy from radioactive elements etc. The
non-conventional sources are solar energy, wind energy, Tidal energy, Biomass etc. Here we
shall discuss some specific conventional sources of generation of electricity.

a) Thermal Generation: Working: The coal fired steam power station basically works on
Rankin cycle. Steam is produced in the boiler by burning coal with small amount of diesel. The
steam after passing through the super heater impinges the steam turbine blades at different stages
and lastly condensed in a condenser and the condensate is fed back to the boiler. The steam
turbine drives the alternator which produces electricity. Large thermal power stations are

generally situated near by coal mines as well as reliable water source.
Thermal efficiency: 1t is defined as
__ Heat equivalent of mechanical energy transmitted to turbine shaft

NTh .
_ Heat of coal combustion
The thermal efficiency of modern steam power station is about 30%. IT may be noted that more

than 50% of total heat of combustion is lost in condenser and other heat losses occur in flue
gases, radiation, ash elc.

Advantages: 1) The power grade coal used in thermal generation is quite cheap compared (o
other fuel. i1) Land requirement is much less compared to hydro power plant of same capacity
hence rehabilitation and resettlement (RR) problem is negligible iii) Cost of generation is
cheaper compared to other fossil fuel power generation iv) Capital cost is less compared to other
generating station v) The gestation period is much less compared to a hydro power station vi) It
can be established at any place where land and water is available by transporting coal by rail or
sea way (ship).

Disadvantage: i) It pollutes the atmosphere heavily with smoke, fumes, fly ash etc, 1) it adds to
the atmospheric temperature in and around plant area iii) The running charge is quite high
compared 1o hydro electric power.

Running cost of power station:The running cost of a power station is the recurring cost for
peneration of electricity. It includes fuel and lubricant cost, operation cost spare-part cost etc. .
Selection of site for Thermal power station:

1) Fuel and water: The ideal site is around coal mine area where reliable source of water
is available so that transportation cost of coal 1s the minimum. In case the site is away
from coal mines it must be ensured that it is near a rail head

1) Cost and type of land: Cheap barren land is preferred. The soil bearing capacity must
be adequate to take the load of heavy equipments and there should be scope for future
expansion

1) Transportation facility: As far as possible the site should be near by a rail head with
good all weather road communication for transportation of heavy equipments

iv) Away from populated arec: The plant site must be away from populated arca so that
the heat and pollutants emitted from the plant do not affect the inhabitants

V) Away from aerodrome: The site should be away from existing or proposed site for air
field
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' jves type of turbine and
discharge the type of turbine is to be selected. The following table g Y

their head range. Head range (m) ——i
" Group Type —
Impulse turbine Pelton wheel: 100-2000
S 100-1500
Double jet 1000
four jet ]00] ég 2
Reaction turbine Francis ; 075 &
Kaplan & Bulb 7
Advantages:
1) [t is a clean energy as no smoke or ash is produced. |
1) It needs no fuel. The potential energy of water is used for energy conversion.
1) The cost of generation is the least compared to other methods of production of
electricity.

V)  Hydro power plant is simple in construction and requires less maintenance compared
to thermal power plant.

V) Unlike thermal stations hydro power stations are cool and clean.

vi)  Unlike thermal power stations the hydro power stations are very flexible so far as

operation is concerned. It can be started and stopped as and when required within no
time.

vii)  Hydro power plants with storage are suitable for peak load operation where as
thermal or nuclear power plants run as base load stations.

viii)  Hydro power plants are robust and have longer life compared to Thermal power
plagts.

1X) Hy(ro power plants can be
control provision.

x? For operation hydro plants require less man
X1) Thq reservoir sites of hydro power plants are

planned as multipurpose projects with irrigation and flood

1es.
Disadvantages:
1) Huge capital cost is involved for develo
pment of a h
ii) Projects over rain-fed rives suffe ydro power plant

d
acute. resettlement (RR) problem becomes more
V) The huge amount of water impounded oy imi
. eral :
hydro static pressure over the limited areq SuecaIea in the St
Vi) Experienced and skilled personnel are requi
of Qeiniant. required for construction as wel] as operation .

vii) It rcquires high cost of transmission as the «i
cSs A
aw:y from load centers, 'es of the Projects

oir exerts huge

are in hilly areas far

~ments differ for different

» Pump storage plants etc. He POwer plats. Dam toe power

WEVer a typical lay-out of
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e et valve ig
: use to the turbine inl
vily  Penstock The special steel pipe laid r"ob'f" Lh:SV:;:fi:;and under full pressure.
the penstock This feed water 0 the turbin £ nrbines.

ber 0 i i
Number of penstocks are normally equal to ﬂug} os. alternators, their auxiliaries and
viily  Power house: The power house housed thedlur ;?rol, i
control protection including service bay an cc:he turbine runner to the tail race pond
i%) Draft tube: The water finally discharged from o i Negative head is to be
through elbow shape draft tube in case of reaction tu -

gt ot fied water head over it
maintained over the exit of the draft tube by -mamtalm:dg;oies::iitenance oo
in "¢ tail pond. At the exit there is a gate which lowered .

T8
turl ine. : sl

X) Tai pond and tailrace: The turbine discharges trough draft tube to the_:;lll e r:ﬂ from
whire water is conveyed by a tail race channel to be finally released either to the
san ¢ river or some other river depending upon the location of tl'_le Povfer house (inter
basin transfer). Altemmatively the tail race water can be used for irrigation by =
constructing a barrage and taking canal system from the barrage. Excess water, 1i any
is left to the river through gate in provided in the barrage: :

xi)  Generation and transmission: The turbine drives the alternator which converts the
mechanical energy to electrical energy. Usually the generation is at | 1kV which 1s
stepped up by unit transformers to 220 kV or 132 kV and transmitted to the switch
vard from where transmission lines goes out to load centers.

Selection of site:
1) Hydrology: The catchment area should be large to give good run-off though out the year so
that the river on which the hydro plant is proposed yields reliable discharge to form a |
reservoir. In order 1o design the dam and appurtenant works and also to asses hydro electric
- p?icnuﬂl the _daily discharge data f9r a long period not less than 50 years is required. o2
) Geography 1)The geology of the site should be such that there must be sufficient level £

difference between the proposed reservoir site and the power plant site with in reasonable

distance 10 yet required head ii) The river should be narrow and flanked 22
al the dam site to reduce the length of the dam iii) The reservoir by e o hos el

D red area should be clear of 1
reserve forest, historical monuments, rare flora and fauna etc jv Th ir area sho |
contain fertile agriculture and is thinly populated . JThe rescexals - |

) Geology: The geology of the area should be sound and devoid of fault lines.

W) Communication facilities: Reasonable road communication t ‘ «
which can be developed during construction: There should b: ;he m:l t: shoul_d be avm]a-.blﬁ S
meters so that heavy equipments can be transported. cad within few kilo

Nuclear Power Station: In this power plant nuclear eneroy : | e

Uranium® and Thorium®*? are subjected to nuclear ﬁssigg: pl:;::m into electrical energy- 5

energy released i{l the process is utilized in raising steam at hi i N a atomic reactor. mME

runs a steam turbine and the lur?ine drives a generator which pmdﬁmmt\lmﬂﬂd pressure MJ%E
fmClﬁﬂ::Y;Ldﬂ";cP;l:l; 5 ';.cry high compared 1o a ! uces electricity. The fuel
encrgy is prod: g of Uranium is equivalent 10 4 | station. So faras

nuclear fuels it difficult and expensive. The spent ﬁw?l;gdtﬁns o coal. But the . i

radioactive in nature. They emit harmful radiation. mm‘;“lﬂ from the

thorium ete having short life. Uranium and Thorium i e

Guantities in the sand of some beaches. Afier purificat:
[,rnl:_._!lfiﬂmdpg{mmion_ P“ﬂ mlm u]ﬁy

i
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Advantages: 1) The amount of fuel required is small. Therefore there is considerable saving in
transportat »n cost. L
1) [t rc quires less space compared to conventional power stations.

1v)  The running cost is small due to requirement of small quantity of fuel for production
of tulk electrical energy. :

V) Car. be located near to load center reducing the cost of transmission.
vi) Nuclear power plants are very economical for production of bulk electric power
vil)  The plants are very clean due to no dust and ash problem,

viii)  Considering the worldwide deposit of nuclear fuel. such plants can sustain thousands
of vears.

Disadvantages: 1) The fuel used id expensive and is difficult to recover.

1) The capital cost is very high compared to coal based thermal powe station.

111) Setting-up of the plant and its operation and maintenance requires highly technical
knowhow. *

Iv.) The fission by products are radioactive and may cause dangerous amount of radio active
radiations.

v) High salary of specially trained personnel increases the cost of maintenance.

vi) The nucle r power plants can run only as base plants. They are not suited for varying loads.

vil) The byprc Jucts being radioactive posed problem for disposal. They are either to be disposed
in a deep trench or in deep sea away from the shore.

Schematic arrangement: The schematic arrangement is shown bellow.

BusBar
R
Y
S —
Isolator
6 Circuit Breaker
5
1 Steam 7
o I o
: 2 | '
“
3 £
Nuclear Reactor 1

Filter 10 Condensor

o

]

3 Pump 11 Cooling tower

4.Cold mat?al 12Water circulating pump 12

2. Hot meta 13 Feed water pump ,L
g- Heat exchanger |

E_St!m muu valve |

o _Alternator I

W___

Nuclear Reactor: Nuclear fission of uranium fuel (U= 5) takes place inside the reactor. [t 1S a
cylindrical pressure vessel and houses uranium fuel rods, graphite rods as moderators and
cadmium rods as control rods. Controlled chain reaction takes place inside the reactor and huge
amount of energy is released by fission of uranium fuel. Chain reaction means a series of
individual reactions in which a reaction of first product produces a second reaction, the product
of second reaction produces a third and so on. U nucleus when hit by a slow moving neutron
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139, 64yr 43 é"- Each of three neutrons produced i
= 36

bsequent reactions. These nine reactions, in turn
d way which may result in explosion. S i the

. 1
under goes the reaction:- 29325U b b T

produced in the reaction, thus produce nine su

produce 27 reactions and so on in a uncontrolle O s
: Heat exchanger / O |
Egntrnl rods J - Steam CHAIN REACTION 3,.” O !
Coolant - 2 - i ."O 0
| = - __,."'" !
[Muderatur s .__O-T.. O{'.-O |
- E] !
- water D N |
I]lIIlII'[]L; % :"" ® Nuetron C)\:‘ - O |
Urar ium > e e E .‘“:‘0 |

Coolant circulating O o " O
pump O |
Reactor/” Pressure |

vessel

reactor the moderator slows down the neutrons before they hit the fuel rods aI}d the cadmium
control rods absorb the neutrons and controls the number of neutrons bu pushing the rods up
and down as per requirement.

Heat exchanger: The sodium in liquid form is used as coolant. Hot coolant gives up heat to the
heat exchanger and then pumped to the reactor in a closed cycle.

I'he arrangement of Turbine, Alternator, Condenser. Cooling tower elc is same as those of
thermal power station.

Site selection criteria: i) Availability of water- As ample water is required for cooling and at
the time of di<aster, the site should be nearby a water source with sufficient water availability
for the whole /ear.

11) Spent fuei and waste disposal facility: Spent fuel and waste from a atomic power plant are
radio active and hazardous for health. So they are to be buried in deep trenches or disposed In

deep sea away from the shore. Either sufficient barren/waste land should be available for in-land
location or the plant is to be located in a deserted area near sea shore.

transportation of heavy equipments and personne
subsequently operation.

2.1 Layout of transmission and distribution schem - 2
B The interconnected liking network from

generating station to the consumer to convey electric power i e N
; : ks 1S
scheme. A single line schematic diagram of the System is sho transmission and distribution

11/27 ) k¥ n/a: wod] SEH
Trans srmers Primary ZFTI:?J-I‘H m!mitﬂ“:u.. :
Trnsmission .. I3kVBusbar Primary g
Distri

= Secondary . ® - . & :
Generating 220kY Tra v
station Busber 2 5/ ag L e ity Distribution H

20/33 k¥ Substation I3/11kV Grig 5 ~ Substation

Continuity of supply is the main benefit o

[an intt‘:rca
nnec
out other power plants feed to the system. ted

sYstem. Once a power pianl pulls
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low voltages. Sudden change in voltage may trip the breaker interrupting POWer
hospitals and other emergency services. | g
i) Efficiency: efficiency is given by the ratio output to input. Again output js Inpuyt |
losses. In order that efficiency should be high the transmission losses are o be X
reduced. The economic design of the system as a whole should be to Minimize
f;tpnual cost. The loss can be reduced by taking care of the power factor for th e
[he consumers having loads of low power factor are to be penalized unless thi:;);?fm
\

s steps to improve their power factor.
bevnt e o QIU- / L. ‘ ' : - -
t}fconducmlrn law lfor cconomic size of the conductor: For a overhead transmission line ¢},
¥ ' : + ! » . . M
U i 1%1 hl;@;?} ]ﬁ cotnsl!tutes a major part of transmission line. Therefore determinagj © Cog
(o e - vonductor 1s very important. As per Kelvin® = 1on of
section of the ¢ ; _ - AS per Kelvin’s law ‘“The most econom;
onductor is that for which the total annual cost of transmission line js T]I'CH'] i
lnImUmi‘

1) Annual charpe Ital:
gc on Capital: The annual charge is the interest and depreciation on capital

1€ major loss i ieq:
e maj S 1n the transmissjon line is the I°R loss in the

Therefore the
» the annual ener rional to the X-sect;
8Y loss, hence the Cost of annyg] exierg; l?)( S conducx
SS IS Inversely proporti
portional

th
€ annual cost of energy lost, then C, = -2
» 3 )
d

B P1+P23+E?-.Ct0be
d

Annual cost

1

: - {

I BN S

2.3.3 Lmnlauo 18 0f Kelvin? CClion of 7 e S i
vin's [Law: Most e red

Conomical C/S a t

i
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3.92b

5g, where 8 = air density factor =———, 6 = lat 7¢ cm o

d .

. tion also has t
(r). Correcti 3 S 0 be mae &
c —

Hg and temperature t 'C is given by

Hg pressure and 25°C temperature. So Vo = goor logF ‘
surface irregularities. Taking into account the surface irregularity factor m,

: )
mg,or lt}ge(g). Value of m for polished surface = 1, for dirty surface 0.92 to 0.98, for Strang,

conductors 0.80 to 0.87 and rough conductor 0.72 to 0.82. ;
iv) Visual critical voltage (Vy): It is the minimum phase to neutral voltage at which corop, glow

appears all alo, g the line conductors. In case of parallel conductors Vo = mg,d6r[1 +

0.3 d

Ta—-lj loge(-r-). k V/phase.

2.4.5 Power loss due to corona: Corona is always accompanied by energy loss in form of lighy
sound heat and chemical action. The power loss due to corona is given by |

= f+25
P=2422 e \E (V = V.)? x 10~° kW/km/phase, where f is supply frequency in Hz, V i rms

ghf:;e '0 neutral voltage in kV, V. is rms critical disruptive voltage per phase in kV.
Sun : A{;:I_vantages and disadvantages of corona: i) Advantages- a). Due to corona the air
ounding the conductor becomes conducting and hence virtual diameter is increased which

reduces the electrostatic str
: esses between the conductors b). coron |
transients produced by surges. ; B oo

-

current drawn by the corons i« n}::: Efﬁz ;Ehhcorrodes the conductor due to oxidation c) The
| " . » I€Nce ~-S1NUSOi :
lzlr‘lf?u ]::h ;ausr*s interference with the nearby commu;izt?;l:luls'mdal 8 poccus ity
4./ Methods of reducing cor ' s
' _ ona effect. i) By i i :
which corona « ccurs is increases which red i S R e ConducIor size the voltage at

0r.

3.1.1 Desirable Retigir

propertes: ;) }{; : i

e | cal to Maintain, jy) &th, “)nghf Wei : ;
aintenance, v) Able 1o provide ne » V) Long life, v) | CIght without loss of sirend”

b Ha'. :]S} 7549 K ’
3.1 2 Fypes of supports: uired groyng clearanee decessibiliy of conductors 10"
a) Wooden poles, Wooden poles uﬂn. be |
. ) us

Om. They tend to rot bello®
Onservation, Large scale felle
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[ 166 | 487 88 R )

132 6.0 mir. For 220KV, 11.5 mir. Fo, 400 d)

For FHET trangmibsston Hoes the conductor spaeing are

Y and 14 mtes tor 765 KV, A bl s e
0.2 Types of conductor muterinl; Requirement and properties-1) 1 igh electrical “’"‘l“‘-llvny. lerr

) High tensile steength, ) Low cost, Low weight per unil'vnlumc,, All Ihc' 'uhth pll‘ilfwrllm are The
nottound in o single material used for O line conductor, So u compromise 18 made elween Pus
Cont und other |H’H|IL‘I’HL‘H.. = , ) voli
Commonly used conductor materialy: {) € opper, 1) Aluminum, iii) cadmium -CO!‘J Pcr" V) I'la
Galvanized ste. | cles All conductors used in O line are stranded except copper. The fldVElnlugc ¢) S
o stranding are: ) it is flexible, b) reduced skin effect and ¢) due to large diameter, fiWing and  wh
vibration is lexs, If there are n number of layers of stranding then number of strands is given by  line

In(n+1) 4 1, Consecutive layers of wires are twisted in opposite direction. Cr
DCopper: Hard drawn copper fs used (o increase tensile strength, Copper has very good i)S
conductivity, But its cost is very high for which it is no more in use, lor
(W Aluminum: 1t is cheap, light, has reasonably good conductivity (60% of Cu,), has low tensile i)
strength, Por same power (ransmission, more conductor ¢/s areais required for which it is ‘If'i)
subjected to more wind pressure, more sag, The support height is bigger to give required groun Ot
clearance, The light welght causes more swing and vibration for which conductor Spacing is Mk

more. It has low tensile strength for which sag is more, But due lo cheapness it is widely used.

) ACSR (Aluminum onductor Steel Reinforced), The cross section ratio is in general 1:6 but it

can be modified 1o 1:4, Steel reinforce increases the tensile strength so that it is used in FHT
transmission line where Span 1s more, o
v) Galvanized steel wire: It is cheap and its mechanical stre
small power in rural area The power loss is more.

v.) Cadmium copper, It is very costly and very rarely used.
3.3 Types of insulators and cross arms.

Insulators: Insulators are used to insulate the line conduc
'I‘I.n: desirable properties are: a) Hj 2h mechanical strength to withstand conductor load/tensi
wind pressure etc, b) High insulation resistance to prevent leakage current to the earth eni}?n‘
diclectric strength, d) Should be non-porous, fre g

¢ from impurities and crack | |
puncture to flash over strength, & ngh i
Materials used: a ) Porcelain- Mixture of plastic clay, silica and felds
\emperature produced porcelain, It is then glazed. Pereelain
b) Glass: Toughened glass insulators are used in EHV i
S: ' 89 1N . . “HV and HVDC lines due t Ir transpar
cracks are casily detected by visual Inspection, L] ad

ngth is more. It is used to transmit -

34
Svathetic: T'hey are made of silicon rubber and resin. I s of i : Sag;
more, They are heap and mostl y used as bushings, " K b ‘cakage current is i?cga
:;:I:; {:::;il:fl‘ﬁ Insulation hardware are metallic parts made out of malleable cast iron and E:n?g
i) Types of insulators: case
a) Pin type: Mostly used in LT (220 v and 440 V) and Ht (11kV & 33kV) lines Lo
b) Post insulators: Used in substations and switch yard for Supporting 'ba.'re-bus’bm jumpers, lowe:
Isolating switches. 1 hey be 2,3 or 4 piece unit for use in higher voltages. 3 S ever)

¢) Suspension Insulators: They are disc insulators, Fach disc is designed for working voltage of 4 e
l I'ln I2°kV. A string of suspension insulators are used for various voltage levels at suspension e
points only, They are free to swing in any direction. They are in horizontal plain. ones
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d) Strain insult tors: They are also discs. Each disc is designed for working voltage of 11 to 12
KV. A string of strain insulators are used for various voltage levels at cut points, angle points or
terminal points at the switch yard. The discs are in vertical plain.
Hltage across therrﬁng

n X voltage across the disc nearest to the conductor. |

Puncture voltage: The voltage at which the insulator losses its insulating property. Puncture
voltage test is a destructive test.

Flash-over voltage: 1t is the voltage at which flash over occurs but the insulator is not destroyed.
¢) Shackle insulators. These insulatois are used in 1.T distribution lines at deqd ends or at points
where the line changes direction. They are also used at cut points in very long straight run of LT
line. Shackle insulator in vertical position where the LT line is run in vertical configuration.
Cross arms ;

i) Straight cross arms: For LT line (440V) straight cross arms or Propped cross arms are used
for both horizontal or vertical configuration of conductors.
i.) V, U or zigzag cross arms : These are used for 11 kV and 33 kV lines
ii) Lattice cro:s arms: They are integral components of EHT towers. |

Straight and zi,«zag cross arms are made of MS channels or angles but V and U cross arms are
made of M.S channel. Some cross arm arrangements are shown.

The string efficiency =

M.S Channel
or Wooden
U-Shaped
Lros .
RATm Cross Arm V-Shaped
Cross Arm

E;

3.4 Sag and Tension: (Approximate formula): Some important terms:

Sag: The difference in level between the points of support and the lowest point of the conductor
is called sag. S is the sag as indicated in the given figure.

Conductor shape: When the conductor is suspended between two supports at the same level, the
conductor takes the shape of a catenary. Usually the sag is small compared to the span. In that

case the shape is like a parabola.

Tension: The tension at any point on the conductor acts tangentially. Thus the tension at the
lowest point O in the given figure acts horizontally. The horizontal component of tension at
every point 1S constant.

Tension at the support: Tension at the support is approximately equal to the horizontal tension
acting at any point on the conductor. Thus tension at the support is equal to the tension at the

lowest point o1 the conductor.
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Referrning to Fig-1, §, = z; and §; = St - X1 +x=1...0) Now S, Szh h - (X,
= ) = 2 (x — ='CaE Ve T 1) Solving eq.
Kzz):;(h + X)(X; — x;3) = T (x; —x;) or (X; —x3) = ~ wl ...(11) Solving eq

Th | Th

(1) and (11) x; = -;-+ =2 and x, = = e Note that if value of x, comes —ve then point O is

outside as in fig-II.

it1) Effect of wind and ice: In the above formula for calculation of sag w 1s the resultant weight
acting per meter length of conductor. In still weather without any 1ce coating over c?|1ductnrs W
= Conductor weight/m vertically down ward . Now we shall consider the effect of ice coating

and wind pressure on the conductor. Let W, be the weight of conductor/m length and w; be the
weight of ice coating over meter length of

conductor. So total down ward force acting per
meter of conductor = (w, + wi) kg. Similarly
the wind load acting horizontally over a meter
length of conductor is = w, Kg. Then the

resultant weiglt w = \/(Wc + w;)? + w2
| -1 We+

s acting at an ungle 8 = cos—1 WetWi
w

fce coating

. For ice coating and wind load the sag calculated is slant at

an angle 8 to the vertical. Vertical sag = slant slag x cos 8.
n

i= 7P [(d + 2t)? — d?]x 1. where p 1s density of ice and w,, = p,x (d + 2t)x1, where p,, is
wind pressure per unit area. In absence of ice t=0.
4.0 Performance of short and medium lines:

i) Short transmission line: When the length of an overhead line is up to 50 km and the line
voltage is less than 20 kV. it is considered as *Short transmission line. In this case due to short
length and smaller voltage the shunt capacitance effect is neglected and only resistance and
inductive reactance of the line are considered for study of its performance,

i) Medium transmission line: When the length of an overhead line is more than 50 km but less
than 150 km and the line voltage is more than 20 kV but less than 100 kV., it is considered as
‘Medium transmission line. In this case the distri buted shunt capacitance is lumped at one or

more points along with series lumped resistance and inductive reactance (L, morT) for study of

i) Long transimission line- When the length and v

respectively the line is classified as long transmiss
4.1. Performance parameters:

1) Voltage Regulation: The voltage drop between sendin
4 percentage of receiving end voltage is called Voltage

oltage exceeds 150 km and 100 kV
10on line and its analysis is complicated.

X 100, where Vs is the sending end voltage and Vg is
11) Transmission efficiency: It is the ratio of receivin

iy . VeIgcosO
Transmission ethciency = 2% -

receiving end voltage.
g end power to the sending end power. %

TR , COS @p are receiving end current and power

factor respectively and /g, cos @; are sending end current and power factor respectively
4.2 Performance calculation:

4.2.1 Short transmission line: In case of 3-@ line: phase values are considered. Let Py, Vg, I and
COs @ are the phase values of receiving end power, voltage, current and power factor

respectively. The power factor may be leading or lagging. Similarly Ps, Ve, 1 and cog D¢ are the
. voltage, current and power factor respectively. The single

x100, where I,
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: O reference vector for bot},
line diagram of the one phase and the phasor diagram tal:l;i!;[;rfm OE = Vg €08 @g , AE = (py _
lagging and leading pf is shown bellow. From the ph?f;%E + ED = VzcosDr + IR, ¥
VR Sin@g, AC = ED = IR and BC = [ X,. Now OD =

BD = BC+ CD = [X, + Vg sin@g. (+
Is for lagging pf and - is for leading pg).
In the OBD right angled triangle, OB* =
OD’? + BD? or /.2 = (Vg cos @r +

[R)* + (IX}, + Vg sin@g)? =
Vr“cos?@g + Vi %sin?@y + 12R? +
1°XL + 2IRVg cos @ + 2 1 X.VR sin @
=Vr’+I2(R% +X,?) + 2VR (IR cos @y
T 1 X}, sin@g). So

Leading pf
(R%+X.%)

Lagging pf
Vs = VIVa® + 12(R? + X,%) + 2Vp (IR cos Bg + I X, sin @a)] = VRl =t

-5; (IRcos @ + 1X, sin QR)]% This is the exact equation to find Vs. To find out the approximae

[2(R2+X, 2 S
value of Vs, we can neglect the term ( = 2/ as IL1s very small.
R

So VS = VR[I +§};(IR CDS@R + IXLSI'I]@R)]EE VR[]- +2—3—(IRCUS®R i IXL Sin @R)](b}
‘ R
taking first two terms of binomial expansion). Or Vs = Vi + (IR cos Or + 11X, sin Dr). It may

be noted that i) the approximate formula is fairly correct for lagging pf but erroneous for leading
pf ii) The solution in complex notation is advisable. For this when receiving end current is taken

as reference ve >tor the receiving end voltage f’; = Vr(cos @, + J Sin @) for lagging pf and

Vi = Vi (c0s @ ~ | sin B) for leading pf ang Ve = Va7 o e )
(IR + Vg cos Bg) +(IX,, F Vg sin 0y)]. R R(COS g F j sin @g) + 1 (R +jx,)

7o Voltage regulation = YSI=Val 100 1 (IR cos @,

IV VRl + Xy singg) x 100
a oD VR COS@p+IR
Sending end pf cos @ = 7R '
S - POW —
R Ve er delivered Vk | cos @R, Power sent out =
" — 2 Ll . =
Power delivered + Josses Vr I'cos @ + 12R. o, Transmissjon etficiency = Power delivered o)
VR I cos @y x100 Power sent out

Vi I cos POr+I14R

IR
WLIp is the load current per phas®

phase of the three phase line, The vector diagram, also i
and receiving end lagging pf = ¢og k- R and , b

2 | A, are -
phasc und C 1S lh(‘.‘ CﬂPaCltance per phase. vs the rcSlStance and indUCti\i'e reactance pel‘
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e) High expertise is not necessary for operation and maintenance of switch yards. Only traing,

personnel can handle the job.

ii) Disadvantages:: | e o A
a) Construction of A.C EHV transmission line 18 m(}rre c?{np 1ca = | |
b) Due to skin effect in a.c the conductor outer area is utilized only increasing resistance

hence more power loss. : :
¢) In a.c due to skin effect inner conductor area is unutilized involving unnecessary Cost gy

conducior account. : :
d) The distributed shunt capacitance requires charging VAR which is provided by the

alternators. So alternator becomes bulky and costly.
¢) The churging current also causes additional I? r loss in the line.
f) Due to distributed capacitance the long transmission line dangerously raises receiving
end voltage due to Ferranti effect under light load conditions.
ii1) Reasons for adoption of EHV transmission:

a) Reduces volume of conductor material: line current | =—— and resistance per
V3Vcos @
: pl P2p]
conductor R = —, power loss W = 3]2R = -
a z aV?cos2g
or volume of conductor ' =, Pl '
2 material 3al WVZcoszg - | D1S shows the volume of conductor

b) increas_es transmission efficiency: EHV reduces the line current for same power
ansmission. Reduced current means reduced Jine losses hence better efficiency

¢) Decreascs percentage line d ' -~ ' : :
o g rop. Line drop = Ix Z. since [ 1s small the line drop is also

v) Problems or limitations involved in EHV lransmission:

a) Higt voltage transmission requires elaborate insulation coordinatio

voltage higher is the Basic Insulation Level. g ' '
. Hence hi '
b) In case of EHV the terminal equipments at substatio S steds

designed to withstand all eventualitics.
c) The structure height increases for proving required ground
Spacing of conductor increases which call for special des;

r.ight. of the way. These involve more cost. Besides the co
like insulator string etc are costly.

5.4 HVDC Transmission: HV DC {ra 1SSion |
3 _ il nsmission in many ways is s lor
transmission: The basic principle is shown in the block diagrgm gi\:lelzlel;c?lll-;iEHv -

YDC Transmission line
R
4 5 .
w & b
b

H
4 3
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are bare and in the open.

are adequately insulated

5 | Repair and Easy Difficault T
maintenance _ £ !
6 Cross section area | Conductor ¢/s area required Current der}smty adopted is m
is more as current density Hence, ¢/s 1s less.
considered in bare
conductors is less
7 Voltage ('rop More due to increase in Less T
resistance by heating in the
sun
8 | Useful lite Less (25 to 30 years) | More (>50 years 2o
9 | Maintenance cost High Low T
10 | Interference with TEme

communication
si_gnal

Causes interference

No interference.

0.1 Connection schemes: Connection schemes fo
Mains or interconnected schemes.

11 k¥ incoming

11 k¥VFeeder

1) k¥Feeder

A.CRadial connection

11 k¥ Feeder.

D.C Generating
station

11/0.4
k¥ Trf,

0.4 kY
distributor
service
mains

Feeder

D.C
Inte rconnection

Distributor ring

Jdnter, |
connected szstem ]
3

Feeder
Radial connection

r distribution may be classified as radial, ring

distributor
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Distributor Distributor
11 kY
Ilaln:;:r Feeder
I Service
Service Qi Gharslh
1 . mary -
A.C Prima
Distributor Feeder |-i|:1:r Distributor Feeder ring
Distributor Distributor

11/0.4 kv Trf 11/0.4 kv Trf

Inter 11 kv

Ring mains connected system Feeder
R ——

Distributor

Both A.C and D.C connection schemes for distribu

tion are shown above: Now a days D.C
distribution has

become obsolete and no more in existence.

Radial Distribution: This system is fed at one end only In case of D.C the generation is at low

voltage and the generating station is in the load centre. In case of A.C 11 kV line is stepped
down to 400 V for providing service mains.

Advantages: 1t is simple and of low cost.

Drawbacks: a) Section nearest to the feeding point is heavily loaded b) It is not reliable. Power
is cut-off to the consumers who are on the side of the fault away form the substation due to any
fault in the distributor or feeder . ¢) Consumers at the far end suffer from sever voltage
fluctuations when load on the distributor changes.
Ring mains system: In case of DC the LT feeder starts from the bus bar of the substation, runs
through the area and returns to the substation bus bar forming a loop. The consumers are given
connection from this loop. In case of A.C, the 11 kV feeder from the feeder substation bus bar
torms a loop in the area. At different points on this loop radial distributors are tapped through
distribution transformers for providing service mains to the consumers.

Advantages: a) Voltage fluctuation is minimized at consumer end b) In case of fault alternate
route is available for supply after isolating the faulty section.

Interconnected system: When the ring mains system is fed b
Interconnected system

Advantages: a) Increases supply reliability. This means continuity of supply is ensured b) Both - 5
sources combines can meet the peak load demand of the area ¢) Reserve capacity each station
can be reduced d) The efficiency of the system increases e

Requirement of Distribution system:

1) Proper voltage: The voltage variation at the consumer end should be
limit (£ 6%).

1) Availability of power on demand: The system should be such that the power demand at
different hours of the day is smoothly met

i) Continuity of service: Services of operating staff must be ensured round the clock to
attend to the fault

1v) Load scheduling and load dispatch: Efficient load schedulin

g for different time of the day
for different seasons be made and accordingly load dispatch should be done by operating
staff. |

y more than one source it is called

) The voltage fluctuation is minimized.

within permissible

v) Future Inad expansion: The distribution system

should be capable of taking care of future
load gro sth. |
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' uate rese :
vi)Reliability: Adoption of interconnected system, automation, adeq rve Capa(_”},‘
regular maintenance ensures reliability of supply.

6.2 D.C Distributors: T+ 12;,.13 I>+13 “13““\\

[ )) Fed at one end (Concentrated load) : a) The voltage A C D

 across load away from feeding point goes on decreasing b) A I :I, l e,
Voltage is the least across the load at none-feeding end, ¢) I I I3

the Current in various sections of the distributor goes on Fed at one ppy

decreasing d) C'urrent at feeding point A = Y7 I,,, where n is A

the number of load points ¢) Current in any section is equal to the sum of all load currents Jeg,

sum of the load currents previous to the section, f) The voltage drop in any section is the Prody.

of current in that section and the resistance of that section for both 20 and return conductor
B |

1) Fed at both ends (concentrated load) : 1, = I, Ieq g gig BT Erg
;Ir[""’“:‘ﬂ “h=l, I, =1, = [ =1, -I,, L, /7 Tac ¥ il“' ¥ Tde ] Teph"
B vh - lacrl + chrz + lder3 " IEbr4 FI'Gm these ‘l lz 13

cquations Ia as well as section currents can be found out. Fed at both end

Tbe ;Pmm of minimum voltage is the ' point where cuirent from both sides meet.
i) Fed at the middle(concentrateq load): The current I "

distribution is shown. For each section voltage drops | A

¢an be calculated and the voltages
at
can be calculated. : s

irl ot s >
7 (22~ 1) =Gy

| | .
;) = 0 ora - that is the Midpoin
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b) Arc m im m Thermionic valves like | :
::m::;:s mﬁd'l:;mﬁﬂnma operate at low lagging pf. ers and industrial
mns!.:m'h Mmﬂ mh‘ . m"ﬁ‘m ;ﬂs which increases the magnetizing current in

8.2 Methods of power factor improvement: Power factor . L
_capacitors. 11) Synchronous condenser and iti) Phase :‘h,‘ : can be improved by use of i) Static
i) Static capacitor: p ' e

Capacitors can be connected -

- in parallel with the equipments . 3

| operating at lagging pf to -- -
tmprove the pf. The capacitors |

draws leading var 1o neutralize
 the lagging var. In case of 3-®
loads, either delta or star
_connected capacitor banks are C

connected across the load as shown. - i %

Advantages: i) Have low losses. 1) Being static they require little maintenance. 111) As they are

light and need ao foundation they ¢ : : :
: ' can be easily and | :
work under ordinary imosibatle g, quickly installed at low cost, iv) They can

f’):'.wdvumages: 1) They have short service life « i '

lf‘lhc voltage exceeds rated value, iii) Once dimaﬂa:mi ::r)tecT:lyﬂ:Iiri?lly 2o
( a!ct{!aﬁﬂn of pf correction: i) consider only one phase for three phm load or lhe ingle phase
load u)‘l,e! the load voltage, current and the power factor be V. I and cos @ Iaggl SEgh
lTQHp@CI’lVd)’ prior to pf correction iii) Let be cos ©; the new pf (lagging) aﬂ;r corr:guon 1v)
Power drawn by the load P = Vicos ®,. Which is the same after correction v) The Iaggin.é VAR

drawn by the load pni on = Visi —x s imi
y the load prior 10 pf correction = Visin @, = corp, Y SINQ, = Ptan@,, vi) Similarly the

lagging VAR drawn by the load afier pf correction = P tan @._ vii -
. . 2> vii) The leading VAR drawn
the correcting device = P (tan @, — tan @,). viii) When the correcting device?ssa shunt i

: , e P(tan®,~ta
capacitance, the capacitance is given by C = ‘ - —. . where w=2nf,

il) Synchronous condenser: An over-exited synchronous motor | I
running at no-load is called a synchronous condenser. It draws -
leading current from the line and improves the power factor.
Advantages: i) By varying the field excitation the current drawn
by the motor can be changed by any amount. This helps in
smooth control of pf ii)The motor winding have high thermal
stability to short circuit currents, iii) The fault can be rectified
casily. I
Disadvantages: i) Losses are more in the motor, ii) Maintenance
cost is high. iii) It produces noise, iv) Bellow 500 kVA, the cost
IS greater compared to capacitor bank of same rating, v) As the
synchronous motor is not self starting an auxiliary starting device is required.

ui) Phase advancer: The low pf of induction motors is due to the fact that the stator windine
draws its magnetizing current which lags almost 90° to the voltage. Instead of providing thea.e
Mmagnetizing ampere turns from the supply voltage it is supplied from a separate mm R e
phase advancer. This improves the pf. The phase advancer is mounted on the same shaft of the

i
{
.:J.r_’;if‘-_:, SRR
T A Sy
TR ale e 11
il o=

N
e

A
.

:?i'f' Ln '* L 2a,
SR

Al
£
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o, h:__'_r ._F_. { " e et ¥ '|J‘ i

] PR Ll - '

l|I - i & a LE] " i
gl a j—n'

Scannédf) er



14
. :
141
-'II.H-
|

28

induction motor and provides the magnetizing AT at shp frequency to the rotor u:m:uit: 1By
providing more ampere turns the Induction motor can be made to operate at leading pf,

Advantages of phase advancer- i) The main advantage is that the exciting AT is supplied a y);,
frequency which reduces the lagging VAR drawn by the motor considerably, 11) Phase ady ancer

can be easily used where it is not possible to install synchronous condenser,
Disadvantages' Phase advancers are not economical for motors bellow 200 H.P.

8_.3 L_oad curves: The curve showing the variation of load on the power station with respect (o
time 1s termed as _Ioan:_i curve. The load on a power station is never constant. [t varies from time
time. If the variation is potted hourly basis from mid night to mid night for 24 hours of the day i

is daily load curve.

Monthly load curves can be obtained from the daily load curves of the month and
Yearly load curve can be obtained from the monthly load curves of the year.
A sample daily Iojid curve on a power station is shown bellow:

. 400

Load inkWx 103 :
r‘-:.ll
L.
l
1

20:00 :_;‘T"“"'l"---

19:00

Importance of load curve: 1) Daily | i
2 . ( ¥ Gad ] ] ;
MG oy o y curve shows the variation of load on the power

i1) The area under the dail

i1i) The highest point on the daily load curve is the m

iv) The area under the daily load curve divided b th
load on the station for that day. :

v) The ratio of average load to the '
vi) Load curve helps in selection

vii) The load curve helps in scheduling the generation program of th .
¢ station.

Load curve and selection of unit: The load

: : : S On a power stat; il i

a single unit of large capacity will never be economical b;::)a‘:ls"eaf}fﬂ ﬁ'orq lime to time. Therefore

periods will bivfery POO;'-L;IIherefﬂre a n_umber of units of differe lts EFﬁCfency at off-peak

best overall efficiency Ol the power station is achieved. The am;la]clapac'ty are chosen so that the
: : 0

ad curve helps in this

Impyorr
1) Thy
1) Th
SpInni
) Tk
growt
iv) Th
out m
v) S
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84. M
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partic
MW
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Important points in selection of units:

1) The number and size of the units correctly fit to the annual load curve of the station.
i1) The capacity of units should be such that

they meet the load requirement with minimum
spinning reserve.

111) The total installed ca
growth.

1v) There should be a standby unit to meet the forc
out maintenance and overhauling of the working u

v) Selection of more number of units of smaller
should be avoided as it Increases cost.

pacity of the station should be 15 to 20 % more to meet the future load

ed break-down situations as well as to carry
nits.

capacities to accurately fit the load curve

n the load curve gives the maximum demand. It may be for a
particular day, month or year. In the daily load curve shown above, the maximum demand is 360
MW at 8.00 PM.

Connected load is the sum of the continuous ratings of all equipments and devices connected to
the supply system. The valye of demand factor is less than ]

The total number of units generated in a Iven period
Average load or average demand- - bl

number of hours of that period.
énerated in a given day

: The total number of units
Daily average load = =

24.
The total number of units generated in a Iven month
Monthly average load = g 8]

number of hours in that month.
: The total number of units generated in a given year
Yearly average load =

number of hours in that year

called load factor.

Averageload x T (hours)
Load factor for T hours =

MAximum demand xT (hours) Load factor is always less than 1. Higher is
the load factor lesser is the cost of generation becaus

Investment cost is less.

¢ Installed capacity is reduced hence capital

consumers connected to the power station to the simultaneous maximum demand on the power
: : Sum of individual max.demands
station that is

. The maximum demands of a e
Max. demand on the power station and of all the lndmdual
consumers connected to the power station do not occur at

maximum demand don the power station is always
demand. So, diversity

the cost of generation.

the same time. Therefore the

less than the sum of individual maximum
factor is always more than 1. The greater is the diversity factor lesser is

: Actual energy produced
: aci : Plant capacity factor = —
8.8 Plant capacity factor: Pla paciLy MAX.energy that could have been produced
deddmand . A
~verage deddmand xT _ Average de - Annual plant capacity factor = -ARRual kWh output
Plant capacity x T Plant capacity

Plant capacity x 8760
Plant capacity factor is an indication of reserve capacity of the station, Reserve capacity = Plant
Capacity - max. demand. Difference betwe acity factor is an
Indication of reserve capacity, When the m L capacity there would be
NO reserve capacity,

Station output in kWh
8.9: : ¢ ==
Plant use factor: Plant capacity x Hours of use

en ioad factor and plant cap
ax. demand is equal to plan
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