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ECONOMIC ASPECTS

CAUSES OF LOW POWER FACTOR:

(i) Most of the a.c. motors are of induction type (1¢ and 3¢
induction motors) which have low lagging power factor. These
motors work at a power factor which is extremely small on

light load (0-2 to 0-3) and rises to 0-8 or 0-9 at full load.

(ii) Arc lamps, electric discharge lamps and industrial heating
furnaces operate at low lagging power factor.

(iii) The load on the power system is varying; being high during
morning and evening and low at other times. During low load period,
supply voltage is increased which increases the magnetisation
current. This results in the decreased power factor.

METHODS OF IMPROVEMENT OF POWER FACTOR:

Power factor can be improved by the following methods:
1.Static capacitors.

2. Synchronous condenser.

3. Phase advancers

1. Static capacitor. The power factor can be improved by connecting
capacitors in parallel with the equipment operating at lagging power
factor.The capacitor draws a leading current and partly or completely
neutralises the lagging reactive component of load current. This
raises the power factor of the load.

2. Synchronous condenser. A synchronous motor takes a leading
current when over-excited and, therefore, behaves as a capacitor. An
over-excited synchronous motor running on no load is known as
synchronous condenser. When such a machine is connected in
parallel with the supply, it takes a leading current which partly
neutralises the lagging reactive component of the load. Thus the
power factor is improved.




3. Phase advancers. Phase advancers are used to improve the power
factor of induction motors. The low power factor of an induction
motor is due to the fact that its stator winding draws exciting current
which lags behind the supply voltage by 900. If the exciting ampere
turns can be provided from some other a.c. source, then the stator
winding will be relieved of exciting current and the power factor of
the motor can be improved. This job is accomplished by the phase
advancer which is simply an a.c. exciter. The phase advancer is
mounted on the same shaft as the main motor and is connected in
the rotor circuit of the motor. It provides exciting ampere turns to
the rotor circuit at slip frequency. By providing more ampere turns
than required, the induction motor can be made to operate on
leading power factor like an over-excited synchronous motor.

FACTORS AFFECTING THE ECONOMICS OF GENERATION:

1.LOAD CURVES:
The curve showing the variation of load on the power station with
respect to (w.r.t) time is known as a load curve.

The load on a power station is never constant; it varies from time to
time. These load variations during the whole day (i.e., 24 hours) are
recorded half-hourly or hourly and are plotted against time on the
graph. The curve thus obtained is known as daily load curve as it
shows the variations of load w.r.t. time during the day.

The monthly load curve can be obtained from the daily
load curves of that month. For this purpose, average values of power
over a month at different times of the day are calculated and then
plotted on the graph. The monthly load curve is generally used to fix
the rates of energy. The yearly load curve is obtained by considering
the monthly load curves of that particular year. The yearly load curve
is generally used to determine the annual load factor.

2. DEMAND FACTOR:
It is the ratio of maximum demand on the power station to its
connected load i.e.,




Demand factor = Maximum demand/Connected load
The value of demand factor is usually less than 1. It is expected
because maximum demand on the power station is generally less
than the connected load.
3. MAXIMUM DEMAND:
It is the greatest demand of load on the power station during a
given period.

The load on the power station varies from time to time. The
maximum of all the demands that have occurred during a given
period (say a day) is the maximum demand.

4.LOAD FACTOR:
The ratio of average load to the maximum demand during a given
period is known as load factor i.e.,

Load factor =Average load/Max. demand

If the plant is in operation for T hours,

Load factor = Average load* T /Max. demand *T
=Units generated in T hours/Max. demand x T hours

The load factor may be daily load factor, monthly load factor or
annual load factor if the time 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.

5. Diversity factor. The ratio of the sum of individual maximum
demands to the maximum demand on power station is known as
diversity factor i.e.,

Diversity factor = Sum of individual max. demands /Max. demand
on power station
A power station supplies load to various types of consumers whose
maximum demands generally do not occur at the same time.
Therefore, the maximum demand on the power station is always less




than the sum of individual maximum demands of the consumers.
Obviously, diversityT factor will always be greater than 1.

6.Plant capacity factor. /t is the ratio of actual energy produced to
the maximum possible energy that could have been produced during
a given period i.e.,

Plant capacity factor = Actual energy produced/ Max. energy that
could have been produced

=Average demand *T /Plant capacity *T

=Average demand/Plant capacity

Base Load and Peak Load on Power Station:

The changing load on the power station makes its load curve of
variable nature.

(/) Base load. The unvarying load which occurs almost the whole day
on the station is known as base load.

(ii)Peak load. The various peak demands of load over and above the
base load of the station is known as peak load.
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TYPES OF TARIFF:

Tariff: The rate at which electrical energy is supplied
to a consumer is known as tariff.

Desirable characteristics of Tariff:

(i)Proper return : The tariff should be such that it ensures the proper
return from each consumer. In other words, the total receipts from
the consumers must be equal to the cost of producing and supplying
electrical energy plus reasonable profit. This will enable the electric
supply company to ensure continuous and reliable service to the
consumers.

(ii) Fairness : The tariff must be fair so that different types of
consumers are satisfied with the rate of charge of electrical energy.
Thus a big consumer should be charged at a lower rate than a small
consumer. It is because increased energy consumption spreads the
fixed charges over a greater number of units, thus reducing the
overall cost of producing electrical energy. Similarly, a consumer
whose load conditions do not deviate much from the ideal (i.e., non
variable) should be charged at a lower rate than the one whose load
conditions change appreciably from the ideal.

(iii) Simplicity : The tariff should be simple so that an ordinary
consumer can easily understand it. A complicated tariff may cause an
opposition from the public which is generally distrustful of supply
companies.

(iv) Reasonable profit : The profit element in the tariff should be
reasonable. An electric supply company is a public utility company
and generally enjoys the benefits of monopoly. Therefore,

the investment is relatively safe due to non-competition in the
market. This calls for the profit to be restricted to 8% or so per
annum.

(v) Attractive : The tariff should be attractive so that a large number
of consumers are encouraged to use electrical energy. Efforts should
be made to fix the tariff in such a way so that consumers can pay
easily.




1.Flat rate tariff. When different types of consumers are charged at
different uniform per unit rates, it is called a flat rate tariff.

2.Block rate tariff. When a given block of energy is charged at a
specified rate and the succeeding blocks of energy are charged at
progressively reduced rates, it is called a block rate tariff.

3. Two-part tariff. When the rate of electrical energy is charged on the
basis of maximum demand of the consumer and the units consumed,
it is called a two-part tariff.

4. Maximum demand tariff. It is similar to two-part tariff with the only
difference that the maximum demand is actually measured by
installing maximum demand meter in the premises of the consumer.
This removes the objection of two-part tariff where the maximum
demand is assessed merely on the basis of the rateable value. This
type of tariff is mostly applied to big consumers.

However, it is not suitable for a small consumer (e.g., residential
consumer) as a separate maximum demand meter is required.




Substations:

The assembly of apparatus used to change some characteristic (e.g.
voltage, a.c. to d.c., frequency, p.f. etc.) of electric supply is called a

sub-station.

LAYOUT OF SUBSTATION:

11 kV Line

l G.0O. Switch
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Consumers

Consumers

400 V Bus-Bar
Fig. 25.11
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- By Monalisa Pani

- Due to Safety and space tonstmints  cables are used for nder
transmission ef and distribution of electrical energy in cibes.

. A cable’ is basically an v insulated conductor. External votechon
agains\' mechanical inJLmy,\mzsiure, entry and chemical reackon is

onv‘.cled on the cable.

gVO(A nc:l

- CLASSIFICATION OF CABLES °

Cables can be class‘nﬁec‘ accord\hs +o
N Types Of insulaton materal
1) Voltage at which they are mqu‘nmcl Yo oPeraJre,_
USuau,y, \loHage decdes the sulafion material. Hence, cables are

d.\\licle,c‘ ‘(n-\-o +he -fol\owing gvouF.S:

a) Low 4ension cables upte 1000 v LT
b) High tension cables up‘h? (kv HT
C) Supev '\'@hsion cables up'*0 33kv ST
("from 22 V*")
d) Exira High fenson from B3kvto  EWT
cables 06 kv
e) Extra 5uPex Vol‘\'qge Beyono\ 132 kv

- CABLE |INSULATION ¢

" Tnsulation ” is used fo ver the tonductor of the cable so, as
+o isolate it from Surroandings.

Tnsulation material should have {ollowih% Propev%es
High nsulation resistance
: H’\glr) di-electric s’rrehg%
o Higlq mechanical S’rv‘er\g%
Nown - h\/grosc,o‘g‘\c ( should not absorb woisture from air)
.+ Non- nflammable ( should not catch fire)

o Low Qo5+

+  Less reactve (no affed‘gpl b}' acd ov alltal'\)
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1) Polyvinyl Ch fe (PvC)

é . pOUT \‘ Natl avwnlable in 'Vi.ll"i', e n\n:lf)
- ;i s A r_.‘,’.t\.‘.- b ‘.,‘;‘ J

} . “ \ e -l (,Q“
by + ppOed S o Py W Sanon & .l.n.yl

® 1 l\.:p\ ‘,,‘ Y ’\\\1 ‘¥ \u‘\‘f ‘1 Q‘l'(‘ ar mere,
- v (T . {

- A ey I P«l"J 'f“

reel e b (embing "' f.vn fnh_] ] cl 3

h‘r(.\‘ﬂ‘] ,'il. *r;u".:l <l'\'}
* A “;\".',-.‘ \‘ - (d‘.";‘ Knoron e W) C”\Yl(ﬂ(‘)
F - hom ;\’-k\‘l
N A A A A f;bﬁli_i;f; (:L_{}_i}_{j-t)—{j
O OO OO0
AL A OMEY FO\\,"\CY
—_— —tH ~ CH, -CH —
CoH fw, GH ’ cH, ch LI
GHy, Ry =272 \ 4
C\
(PVC)

CL- CL‘I"o“ ne

= fPvC 15 cremically tambined with a Plas*\'c Com(:ound~ A.gel i5
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Ceviey

- PVC has
h-gk 1sukabon  resistance

+ geod dielectric strength

. mechanical teughness over a w'de Vargeo{fempem'fureﬁ

I+is mert to oxygen , many alkalies and C?C;cl‘.

Geverally teed for low and medium domesbc |9H5
ard pooer installations

VULCANISED INpiam RuseeR (VIR)
: Pvepareal by mixing =inc oxide, ved lead and 3-57. sulfer
with pure vubbev. +
»  the Compound SO'ﬁYmed 5 volled info thin sheets and cu
Into Piet.e,s
. Rubber 15 then a‘opliecl 4o orductor and heath.% temp
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C) Rubber ) L @
Yuvals ]Cv‘om trees ov o products. |

S iele{ﬂﬁc strength and resis%m}yo{rngu\ainon_

following dvawobacks -

) veadily absorbs moisture

2) max. sa{e temp- is 238°¢C
3) 60-{:{- ana  liable ‘o ckimage

Obtane
- 1ts has goool d
- It suffers from

d) IumngrerJ %if?ap@v;

soaked i special chemical  compound Such oS

- |t means paper
Parq-ﬁc‘.y,'.c or naPﬂnevflc material.
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resistance
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- Suitably used for distribution at low voltages in tongemsted areas.

e) Vavhnished Cambric
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* Cores or (onducthovs :

e
Constaction Of Cables I—@

C-I-m-B-A-S
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Methods o{ cable (a\/‘m%: @

a) Direct laying:

- trench of aboul  1:6m e
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Laid in the 3voqng\ Loi’f\’) manholes. -
— Cables (aid tho way shou ld hot be‘ armaured bt 't shoud be

PYoVic\ea with \Sc’jrv‘una’ o Pfo‘\'ed' Hhem .

cast ivon or concrete are

¢) Solid system :

. Cable 15 aid in open P
dug out oarth @

PQ- bY -H’woughs( (,ong navyow

container ) long the cable voute .

Types of Cable fault;
, S S
A {OUH 6 an abvnormal i sifuation Y‘eSuHihg nvery

low value o-F voltage o currenrit. N pes of fault
when dheve & a break in tenductov

H-gln or

) Open civeait fault

5 Of‘ a mulh Core
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b with cach other.
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l\\) EaY‘H’\ {OUH' . when (,onc\ucb‘f of He cable Comes ™
Lontact oith  the carth.

\\) Short Civeuit fault
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Loop TESTS FoR LocATioN Of FAULTS (N UNDERGROUND ¢ ABLES @

Muvvay Loop Test :
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