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4 UNIT -5
CONOMIC
ASPECTS OF UTILIZING ELECTRICAL ENERGY

Power Factor Improvemen
Ht?at recovery, Pit Head Ge
Initial Cost and Efficiency,

t, Load Factor
mprovement, Off Pe
; eak Loads- Use of Exh
aust Steam, Waste

neration, Diesel Pla
. ’ nt, General Compari
izati arison i
Capitalization of Losses, Choice of Vorl)tage of Private Plant and Public Supply-

¢ Power factor i
actor improvement :-

er factor i
e ther;c;l TS n“lall'lly du~e to the fact that most of the power loads
Improvemem’Metl Zle, take laggmg currents. In order for Power 1"actocr are
il R lolaod s(,)some% device taking leading power should be connected i
: - One of such device b o n
leading current § can be a capacitor. The capaci
an - . apacitor d

oFioad curs d partly or completely neutralizes the lagging reactive e

current. This raises the power factor of the load i

1
2 ;
,' I a4 %
B 3
! V20 i o e 7
S 170y
El o 1 oag
LI : At
"A l El
L
{') 3 (iir)
Fig, 6.3

¢ C is connected in parallel with the load. The capacitor draws current

I. which leads the supply voltage by 90" The resulting line current I' is the phasor
sum of I and I and its angle of lag is @, as shown in the phasor diagram of Fig. 6.3.

(iii). It is clear that @, is less than @y, so that cos @, is greater than cos ®y. Hence,
the power factor of the Joad is improved.
r Improvement Methods (or) Equipment:

generating station is in the
in such cases it is generally

The capacito

< Power Facto

f the whole load on a large
sometimes it is lower and
ve power factor.

Normally, the power factor o
region of 0.8 to 0-9. However, :
desirable to take special steps to to IMpro

uipment

This can be achieved by the following eq

1. Static capacitors.
2. Synchronous condenser.

3. Phase advancers.




ing capacitors in
: by connecting >
P}Oved 7 _ rfiictor. T he capagcitor

cent and partly or
current. This raises
can be connected
bly used for Power

t'c ca acit . el‘atm s cur
1.Stati 'fh the equipment operd ‘; draws @ leading
parallel With %" © " tatic capaciio’’ | " mponent of load
(generall{ knO:‘r/alises the lagging reactive €
completely nev

~ hree-phase |

d. For three-p!] Hopt

the power factor of the loac: 6.4. Static capacitors &t
in delta or star as i

1a. 0.
Factor Improvemen

oads, the capacitors
e invaria

shown in F1g-

¢ Methods in factories

—————

_____41
c/k/C
L@

Advantages

3-¢ Load

Fiz. 64

. They have low losses. !
. They require little maintenance as there are no rotating parts.
;  there are I ;

« They can work under ordinary atmospheric conditions.
Disadvantages ‘

o They have short service lifé ranging from 8 té‘,'l‘()'f.years‘, i \
» They are easily damaged if the voltage exceeds the rated value.
. Once the capacitors are damaged, their repair is uneconomical.

|
I

Z.Synchx.'onous condenser: A synchronous motor takes a leading:f current ‘when
over-excited and, therefore, behaves as a capacitor. An over-excited "s‘ynchrdnous
motor running on no load is known as synchronous condenser ‘ |

When such a machine is connected in parallel with ,ﬂlé. Suppi}};fi‘t) A leadin
current which partly neutralizes the lagging reactive component of the load. Th. "
are the power factor improvement techniques. , | i IESE




3-¢ Load

B
) e e
e
R

-
-3-9 Synchronous
motor

Fig. 6.5
shows th: X -
ok il 19;) :C?\;s;ekreFactm Improvement Mc?thods by synchronous condenser method
e i i asc‘.cl?rrézl’;tl I a}tl'kiwl lagging power factor cos Ip.. The synchronou.s
. . which leads the voltage by an angle ®. Th

current I is the phasor sum of I, and I 1 . e T
_ m . and lags behind the voltage by an an

_ gle ®. It
1fz Ccicloe;ar' th.at (I) is less than @y, so that cos @ is greater than cos @y, Thus the power
A5t is 1pc1eased from cos (I)L.to cos ®. Synchronous condensers are generally

sed at major bulk supply substations for Power Factor Improvement Methods.

Advantages
. By varying the field excitation, the magnitude of current drawn by the
motor can be changed by any amount. This helps in achieving stepless

control of power factor.
The motor windings have high th

currents.
. The faults can be removed easily.

Disadvantages

ermal stability to short circuit

There are considerable losses in the motor.
The maintenance cost is high.

It produces noise.
Except in sizes above 500 kVA, the cost s
capacitors of the same rating

As a synchronous motor has no self-
quxiliary equipment has to be provided for this purpose.

greater than that of static

starting torque, therefore, an

motor depends upon tWo factors,

by a synchronous
vered by the motor.

-eact ower taken .
Note. The reactive I echanical load deli

the d.c. field excitation and the m

s taken by 2 sync with maximum

i 1 hronous motor
Maximum leading power 1
excitation and zero Joad.

i
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St on the main shaft of
3.PHASEADVANCES ple AC exciter which i connected
Phase advancer 1s a sIm

p T

is used toimprove the power factor of induction
improvement. Phase advancer 1S us§ R
motor in industries. As the stator windings of induction mc f il
: of induction
current 90° out of phase with Voltage, therefore the power factor
motor islow.Iftheexcitingampere- .
tumsareexcitedbyexternal ACsource, thentherewouldbenoeffectof

excitingcw-rentonstatorwindings. Thereforethepowerfactorofinductionmotorwillb

eimproved. ThisprocessisdonebyPhaseadvancer.

Advantages:

ausethe excitingampereturng aresuppliedat
slipﬁrequency(fs). .

Thephase advancercanbee [ et ‘
h asilyus ,
iSUnagonprab. yu edwheretheuseofsynchronousmotom

By A O
a8 NG /m(,})[\\m/u < b -28
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10 i
T 8 | :i |
36 | -
37 Load Factor %ﬂ \‘
54 | = ; | Maxxmum Load \
° S " ‘
S22 31
| ; Pon {rﬂggﬁenemtedinthe&ivun?ermd
1~2 Mazimum Load ¥ fourg of Operation
: 2 4 ¢ g 012 2 4 ¢ 8 10 12
Mid Noon 7
night
—_— hour-—-—-_._,

By analyzing your load profile and your needs, you may be able to improve your

load factor by doing the following:

A—Demand reduction

Reduce demand by distributing your loads ove

r different time periods.
B-Increase production

Keeping the demand stable and increasing your consumption is often a cost-
effective way to increase production while maximizing the use of your power.
*In both cases, the load factor wil] improve and therefore reduce your average
unit cost per kWh. The load factor percentage is derived by dividing the total
kilo watt-hours(kWh) consumed in a designated period by the product of the

maximum demand in kilowatts(kW) and the number of hours in the period.
In the example below,the monthly kWh consumption is 36,000 and the peak
demand is100kW. There were 30 days in the billing period.

% OFF-PEAKLOADS

Peak demand is considered to be the opposite to off-peak hours when
power demand isusually low. There are off-peak time-of-use rates. Sometimes,

there are 3 time-of-use zones: peak,shoulder and offpeak. Shoulder is often the
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ti g
Ime betWeen peak and offpeak in weekdays. Weekendsare often just peak anq

0 |
* Peak in terms of managing electricity loads for the network. The

Pea .
kdemmdofammstallation

lythehighestdemandthathasoccurredoveraspecified timeperiod |

is typicallycharacterized as annual, daily or seasonal and

has : ;
theumt(’fp0wer.Peal«:demand, peakload or on-peak aretermsusedin

€n

erg}’demandmanagement describ
SXpected ¢, be provided for
thanaveragesupplylevel.

ing a period in which electrical power is

a  sustainedperiodata significantly higher

Peakdemandﬂuctuations

maYOCcurondaily,monthly,seasonaland

yearlycycles.Foran  electric utility
“Ompany,

the actua] point of peak demand is a single half-hour or hourly

So, if thesteam after doing its, work, does not get condensed, it wil] not give

required space to other steambehind it, to expand to its required volume

Condensation of  steam  in a  closed  system, creates

anemptyplacebyreductionofvolumeofthelowpressuresteam.Itisfoundthat, 1Kgofd

rysteamat
1.033kg/cm’absolutepressurehasavolumeof] 673m’ WhenitiSCOndensedim s

at100°Cin a steam condenser, its volume becomes 0.001044 m? The volume of
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feed water may betakenifrequired.

Typesof Steam Condenser

In a steam condenser, steam is always condensed with help of cooling water, but

the techniques  aredifferent for different condensers. Depending upon

condensation techniques,

twotypesofsteamcondensers.Theyaremai

1. JetSteamCondenser.Z.SurfaceSteamCondenser

amgetscondensed.

denserconsistsof

dwaterto

there are mainly

nly

Generstor

High Low N
pressure pressure
turbine !

= J‘\ Dy

Boiler

e 290 e

water
hesater

Feed pump 2

TEMPERATURE
= N 's
RN

RO 5 LY
ENTROPY

FP1 = Feed pump;

2 = Feed pump .
!’-:;T = High pressure turbine
LPT = Low pressure turbine

©)© Fig.5.1 LayoutofSteamCondenser
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< WASTEHE

A waste heat recovery unit (

recovers he
i o
flue gases from a diesel generator

water from different cooling

Waste heat found in the exhaust
exhaust stream of a conditioning uni
This is one of the basic methods for reco
plants use this process as an economic method t
plant with lower fuel demand. There are many dlffe

units for the transferring of energy from hot med1um space to

2. Regenerators: This is an industrial unit that reuses the same stream after

3. Heat pipe exchanger: Heat pipes are one of the best thermal conductors.

4, Thermal Wheel  or rotary heat exchanger

AT RECOVERYUNIT

WHRU) is an enerey ¢
potential high eners

rsteam from cooling
h as in steelcooling.

anger that
overy heat gxehafe

waste

at from hot stream® b towers or even

processes suc

Heatrecoveryunits
¢ even from the

gas of VaI'lOUS pI’OCCSSCSO

coming gas.

it can be used to pre heat the in
very of waste heat. Many steel making

o increase the productlon of the

rent commercial recovery

lower one:

1. Recuperators: This name is given to different types of heat exchanger that

the exhaust gasesare passed through, consisting of metal tubes that carry

the inlet gas and thus preheatingthe gas before entering the process. The

heat wheel is an example which operates on thesameprinciple asasolarair

conditioning unit.

processing. In thistypeof heat recovery,theheat is regerieratedandreused

inthe process.

They have theability to transfer heat hundred times more than copper.

Heat p1pes are mainly known inrenewable energy technology as being

used in evacuated tube collectors. | The heat

pipe
1smamlyusedmspace,processora1rheatmg,mwasteheatfromaproces31sbe1n

gtransferredtothesurroundingdue tmtstransfermechamsm

consists of a circular
honeycomb matrix of heatabsorbing material, which is slowly rotated

within the supply and exhaust ajr streams of anauhandhngsystem
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< DIESEL POW
E
R PLANT :-Layout Of Diesel Power Plant

Diesel pow
power plants produce power from a diesel engi i
the range of 2 to 50 MW ‘ sel engine. Diesel electric plants in
R capacities are used as central stations for small electric
works an
e d used as astandby to hydroelectric or thermal plants where
1nuous 0 : .
power supply is needed. Diesel powerplant is not economical

compar
pared to other power plants.The diesel power plants are cheaply

/

usedintheﬁeldsmeﬁtioned below.

1 .Mobileelectricplants
2.Standbyunits

3 .Emergenéypowerblants
4.Startingstationsofexistingplants

5 .Centr_alpoWerstationetc.

Fuel
rr INfRCLON

L eplesel Engine

CGompressefr

iz Usnd
24 L ubricating cli

return oil

paa




gine and its quxiliaries 1n a diesel

Figure shows the arrangements of the en |
jesel power plant are:

power plant. The major Components of thed

1)Engine:-
ine is directly connected through

Engine is the heart of a diesel power plant. Eng
wer

a gear box to thegenerator.Generally two-stroke engines are used for po
generation.Now a days ,advanced super & turbo charged high speed engines are

available for power production.

2)Airsupplysystem:-

Air inlet is arranged outside the engine room. Air from the atmosphere is
filtered by air filter and conveyed to the inlet manifold of engine. In large plants
super charger/turbocharger is used for increasing the pressure of input air which

increases the power output.
3)ExhaustSystem:-
This includes the silencers and connecting ducts. The heat content of the

exhaust gas is utilized in a turbine ina turbocharger to compress ‘the air input to

the engine.
4)FuelSystem:-

Fuel is stored in a tank from where it flows to the fuel pump through a filter.

Fuel is injected to theengine as pertheload requirement.

5)Coolingsystem:-

This system includes water circulating pumps, cooii‘ng towers, water filter
etc.Cooling water is circulated through the engine block to keep the temperaturé

of the engine in the safe range.

6)Lubricatingsystem:-

Lubrication system includes the air pumps, oil tanks, filters, coolers and pipe
lines. Lubricant is given to reduce friction of moving parts and reduce thewear
and tear of the engine parts.




iliaries in 3 diese]

tare: i
E 7)StartingSystem:-
2 There are three commonly ygeq Starting systems,they are;
oNn{"ced through 1)

A petrol driven auxiliary engine
- Used for power

Peed engineg are 2) Use of electric motors.

/
/ 3) Use of compressed air from an air compressor at a pressure of 20Kg/cm.
atmosphere jg 8) Governingsystem:-
In large .
Plants ;
| : . : i he speed of the engine
put air whicp The function of a governing system is to 'm.amtam ; e I; Gy
constant irrespective of load on the plant.This is done by varying
the engine according to load.
Advantages ‘
ent of the fin
i, : : . 5
4rinput to 8 Diesel power plants can be quickly installed a

commissioned.Quick starting.
Disadvantages
P Capacity of plant is low.

Fuel,repair and maintenance cost are high.
2

Life of plant is low compared to steam power plant.
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