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Introduction

he function of a power station is to de-
I liver power to alarge number of consum
ers. However, the power demands of dif-
ferent consumers vary in accordance with their
activities. Theresult of thisvariation in demand
isthat load on a power station is hever constant,
rather it varies from time to time. Most of the
complexities of modern power plant operation
arisefromtheinherent variability of theload de-
manded by the users. Unfortunately, electrical
power cannot be stored and, therefore, the power
station must produce power as and when de-
manded to meet the requirements of the consum-
ers. On one hand, the power engineer would like
that the alternators in the power station should
run at their rated capacity for maximum efficiency
and on the other hand, the demands of the con-
sumers have wide variations. This makes the
design of apower station highly complex. Inthis
chapter, we shall focus our attention on the prob-
lems of variable load on power stations.

3.1 Structure of Electric Power
System

The function of an electric power system is to
connect the power stationto the consumers' loads
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(iv) Thepower demanded by the

consumers is supplied by the power I

station through the transmission and /

distribution networks. Asthe consum- id v, o

ers’ load demand changes, the power / ’ P

supply by the power station changes
accordingly.

3.2 Variable Load on
Power Station

The load on a power station varies
from time to time due to uncertain
demands of the consumers and is
known as variable load on the sta-
tion.

A power station is designed to
meet theload requirements of the con-
sumers. Anideal load on the station,
from stand point of equipment needed
and operating routine, would be one
of constant magnitude and steady du-
ration. However, such a steady load
on the station is never realised in ac-
tual practice. The consumersreguire
their small or large block of power in
accordance with the demands of their
activities. Thustheload demand of one consumer at any time may be different from that of the other
consumer. Theresult isthat load on the power station varies from time to time.

Effectsof variableload. The variable load on a power station introduces many perplexitiesin

its operation. Some of the important effects of variable load on a power station are :

(i) Need of additional equipment. The variable load on a power station necessitates to have
additional equipment. By way of illustration, consider asteam power station. Air, coal and
water are the raw materialsfor thisplant. In order to produce variable power, the supply of
these materials will be required to be varied correspondingly. For instance, if the power
demand on the plant increases, it must be followed by the increased flow of coal, air and
water to the boiler in order to meet theincreased demand. Therefore, additional equipment
hasto beinstalled to accomplish thisjob. Asamatter of fact, in amodern power plant, there
is much equipment devoted entirely to adjust the rates of supply of raw materials in accor-
dance with the power demand made on the plant.

(if) Increasein production cost. The variable load on the plant increases the cost of the pro-
duction of electrical energy. An aternator operates at maximum efficiency near its rated
capacity. If asingle alternator is used, it will have poor efficiency during periods of light
loads on the plant. Therefore, in actual practice, anumber of alternators of different capaci-
tiesareinstalled so that most of the alternators can be operated at nearly full load capacity.
However, the use of a number of generating units increases the initial cost per kW of the
plant capacity aswell asfloor arearequired. Thisleadsto theincreasein production cost of
energy.

Transmission line
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3.3‘ Léad Curves

The curve showing the variation of load on the power station with respect to (w.r.t) timeisknown as
a load curve.

Theload on apower station is never constant; it variesfromtimeto time. Theseload variations
during the whole day (i.e., 24 hours) are recorded half-hourly or hourly and are plotted against time
onthegraph. The curvethusobtained isknown asdaily load curve asit showsthe variations of load
w.r.t. time during the day. Fig. 3.2. showsatypical daily load curve of apower station. Itisclear that
load on the power station isvarying, being maximum at 6 PM. in thiscase. It may be seen that load
curveindicates at aglance the general character of theload that is being imposed on the plant. Such
a clear representation cannot be obtained from tabulated figures.

The monthly load curve can be obtained from the daily load curves of that month. For this
purpose, average* values of power over amonth at different times of the day are calculated and then
plotted on the graph. The monthly load curveisgenerally used to fix therates of energy. Theyearly
load curveisobtained by considering the monthly load curves of that particular year. Theyearly load
curveisgeneraly used to determine the annual load factor.
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Fig. 3.2

Importance. The daily load curves have attained a great importance in generation as they sup-
ply the following information readily :
(i) Thedaily load curve showsthe variations of load on the power station during different hours
of the day.
(if) Theareaunder the daily load curve gives the number of units generated in the day.
Units generated/day = Area (in kWh) under daily load curve.
(iif) Thehighest point on the daily load curve represents the maximum demand on the station on
that day.

(iv) Theareaunder the daily load curve divided by the total number of hours gives the average
load on the station in the day.

v

Area (in kwWh) under daily load curve
24 hours
(v) Theratio of the area under the load curve to the total area of rectangle in which it is con-
tained gives the load factor.

Averageload =

Averageload _ Averageload x 24

Max.demand = Max. demand x 24

_ Area (in kWh) under daily load curve

~ Total area of rectangle in which the load curve is contained

Load factor =

*  Forinstance, if we consider theload on power station at mid-night during the various days of the month, it
may vary slightly. Then the average will give the load at mid-night on the monthly curve.
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(vi) Theload curve helpsin selecting* the size and number of generating units.
(vii) Theload curve helpsin preparing the operation schedule** of the station.

3.4 Important Terms and Factors

Thevariableload problem hasintroduced the following termsand factorsin power plant engineering:
(i) Connected load. It is the sum of continuous ratings of all the equipments connected to
supply system.

A power station supplies|oad to thousands of consumers. Each consumer has certain equipment
installed in his premises. The sum of the continuous ratings of all the equipmentsin the consumer’s
premisesisthe” connected load” of the consumer. For instance, if aconsumer has connections of five
100-watt lamps and a power point of 500 watts, then connected |oad of the consumer is5 x 100 + 500
= 1000 watts. The sum of the connected loads of all the consumersisthe connected |oad to the power
station.

(if) Maximum demand : It is the greatest
demand of load on the power station during a
given period.

Theload on the power station variesfromtime
to time. The maximum of all the demands that
have occurred during agiven period (say aday) is
the maximum demand. Thusreferring back to the
load curve of Fig. 3.2, the maximum demand on
the power station during the day is6 MW and it
occurs at 6 PM. Maximum demand is generally
less than the connected load because al the con-
sumers do not switch on their connected load to
the system at atime. The knowledge of maxi-
mum demand is very important asit helpsin de-
termining theinstalled capacity of the station. The
station must be capable of meeting the maximum demand.

(iif) Demandfactor. Itistheratio of maximumdemand
on the power station to its connected load i.e.,

M aximum demand

Connected load

The value of demand factor isusually lessthan 1. Itis
expected because maximum demand on the power stationis
generally lessthan the connected load. If the maximum de-
mand on the power station is80 MW and the connected |oad
is100 MW, then demand factor = 80/100 = 0-8. The know!-
edge of demand factor isvital in determining the capacity of
the plant equipment.

(iv) Averageload. The average of loads occurring on
the power station in a given period (day or month or year) is
known as average load or average demand.

Maximum demand meter

Demand factor =

Energy meter

*  Itwill beshownin Art. 3.9 that number and size of the gener-
ating units are selected to fit the load curve. Thishelpsin operating the generating unitsat or near the point
of maximum efficiency.

** |t isthe sequence and time for which the various generating units (i.e., alternators) in the plant will be put
in operation.
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No. of units (kWh) generated in aday
24 hours

No. of units (kWh) generated in a month
Number of hoursinamonth

Daily average load

Monthly average load

No. of units(kWh) generated in a year
8760 hours

(v) Load factor. Theratio of average load to the maximum demand during a given period is
known as load factor i.e.,

Yearly averageload =

L oad f _ Average load
oad factor = 1oy demand
If the plant isin operation for T hours,
Load factor = Average load x T

Max. demand x T
_ Unitsgenerated 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 isaday or month or year. Load factor is alwayslessthan 1 because average load
issmaller than the maximum demand. Theload factor playskey role in determining the overall cost
per unit generated. Higher the load factor of the power station, lesser* will be the cost per unit
generated.
(vi) Divergty factor. The ratio of the sum of individual maximum demands to the maximum
demand on power station is known as diversty factor i.e.,

Diversity factor = Sum of individua max. demands
Max. demand on power station

A power station supplies|oad to varioustypes of consumerswhose maximum demands generally
do not occur at the sametime. Therefore, the maximum demand on the power station is alwaysless
than the sum of individual maximum demands of the consumers. Obviously, diversityt factor will
aways be greater than 1. The greater the diversity factor, the lessert is the cost of generation of
power.

(vii) Plant capacity factor. It isthe ratio of actual energy produced to the maximum possible
energy that could have been produced during a given period i.e.,
Actua energy produced
Max. energy that could have been produced

Plant capacity factor

Average demand x T**
Plant capacity x T
_ Average demand
Plant capacity

*  Itisbecause higher load factor factor means lesser maximum demand. The station capacity is so selected
that it must meet the maximum demand. Now, lower maximum demand means|ower capacity of the plant
which, therefore, reduces the cost of the plant.

T Thereisdiversification in the individual maximum demandsi.e., the maximum demand of some consum-
ers may occur at one time while that of others at some other time. Hence, the name diversity factor

T  Greater diversity factor means lesser maximum demand. Thisin turn means that lesser plant capcity is
required. Thus, the capital investment on the plant is reduced.

**  Suppose the period is T hours.



Variable Load on Power Stations 47

Thusif the considered period is one year,
Annual kWh output

Plant capacity x 8760

The plant capacity factor isan indication of the reserve capacity of the plant. A power stationis
so designed that it has some reserve capacity for meeting theincreased load demand infuture. Therefore,
theinstalled capacity of the plant isaways somewhat greater than the maximum demand on the plant.

Reserve capacity = Plant capacity — Max. demand

Itisinteresting to note that difference between load factor and plant capacity factor isanindica-
tion of reserve capacity. If the maximum demand on the plant isequal to the plant capacity, then load
factor and plant capacity factor will have the same value. In such a case, the plant will have no
reserve capacity.

(viii) Plant use factor. Itisratio of kwh generated to the product of plant capacity and the
number of hours for which the plant was in operation i.e.

Station output in kWh
Plant capacity x Hours of use

Suppose aplant having installed capacity of 20 MW produces annual output of 7-35 x 10°kWh
and remainsin operation for 2190 hoursin ayear. Then,

Annual plant capacity factor =

Plant use factor =

6
Plantusefactor = —=22*10°  _167=167%

(20 x 103) x 2190

3.5 Units Generated per Annum

It is often required to find the kWh generated per annum from maximum demand and load factor.
The procedureisasfollows:

_ Average load
Load factor = Max. demand
O Averageload = Max. demand x L.F.

Unitsgenerated/annum = Averageload (in kW) x Hoursin ayear

Max. demand (in kW) x L.F. x 8760

3.6 Load Duration Curve

When the load elements of a load curve are arranged in the order of descending magnitudes, the
curve thus obtained is called a load duration curve.
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Fig. 3.3
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The load duration curve is obtained from the same data as the load curve but the ordinates are
arranged in the order of descending magnitudes. In other words, the maximum load is represented to
the left and decreasing loads are represented to the right in the descending order. Hence the area
under theload duration curve and the areaunder theload curveareequal. Fig. 3.3 (i) showsthedaily
load curve. Thedaily load duration curve can be readily obtained fromit. Itisclear from daily load
curve [See Fig. 3.3. (i)], that load elements in order of descending magnitude are : 20 MW for 8
hours; 15 MW for 4 hours and 5 MW for 12 hours. Plotting these loads in order of descending
magnitude, we get the daily load duration curve as shown in Fig. 3.3 (ii).

Thefollowing points may be noted about load duration curve:

(i) Theload duration curve givesthe datain amore presentableform. In other words, it readily
shows the number of hours during which the given load has prevailed.

(if) The area under the load duration curve is equal to that of the corresponding load curve.
Obviously, area under daily load duration curve (in KWh) will give the units generated on
that day.

(iif) Theload duration curve can be extended to include any period of time. By laying out the
abscissafrom 0 hour to 8760 hours, the variation and distribution of demand for an entire
year can be summarised in one curve. The curve thus obtained is called the annual load
duration curve.

3.7 Types of Loads

A device which taps electrical energy from the electric power systemis called aload on the system.
Theload may beresistive (e.g., electric lamp), inductive (e.g., induction motor), capacitive or some
combination of them. The various types of loads on the power system are :

(i) Domestic load. Domestic load consists of lights, fans, refrigerators, heaters, television,
small motorsfor pumping water etc. Most of the residential load occurs only for some hours during
theday (i.e., 24 hours) e.g., lighting load occurs during night time and domestic appliance load occurs
for only afew hours. For thisreason, the load factor islow (10% to 12%).

(if) Commercial load. Commercial load consists of lighting for shops, fans and electric appli-
ancesused in restaurants etc. Thisclassof load occursfor more hours during the day as compared to
the domestic load. The commercial load has seasonal variations due to the extensive use of air-
conditioners and space heaters.

(iif) Indudtrial load. Industrial load consists of load demand by industries. The magnitude of
industrial load depends upon the type of industry. Thus small scale industry requires load upto
25 kW, medium scale industry between 25kW and 100 kW and large-scale industry requires load
above 500 kW. Industrial loads are generally not weather dependent.

(iv) Municipal load. Municipal load consists of street lighting, power required for water sup-
ply and drainage purposes. Street lighting load is practically constant throughout the hours of the
night. For water supply, water is pumped to overhead tanks by pumps driven by electric motors.
Pumping is carried out during the off-peak period, usually occurring during the night. Thishelpsto
improve the load factor of the power system.

(v) Irrigationload. Thistype of load isthe electric power needed for pumps driven by motors
to supply water to fields. Generally thistype of load is supplied for 12 hours during night.

(vi) Tractionload. Thistype of load includes tram cars, trolley buses, railways etc. This class
of load haswidevariation. During the morning hour, it reaches peak val ue because people haveto go
to their work place. After morning hours, the load starts decreasing and again rises during evening
since the people start coming to their homes.

3.8 Typical Demand and Diversity Factors
The demand factor and diversity factor depend on the type of load and its magnitude.
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TYPICAL DEMAND FACTORS
Type of consumer Demand factor
Residence lighting 2w 1.00
2 kw 0-60
{ Over 1 kW 0-50
Commercial lighting Restaurants 0:70
Theatres 0-60
Hotels 0-50
Schools 0-55
Small industry 0-60
Store 0-70
General power service 0-10H.P. 0-75
1020 H.P 0-65
20-100 H.P. 055
Over 100 H.P. 0-50
TYPICAL DIVERSITY FACTORS
Residential Commercial General
lighting lighting power supply
Between consumers 3-4 15 15
Between transformers 1.3 1.3 1.3
Between feeders 12 12 12
Between substations 11 11 11

[llustration. Load and demand factors are always less than 1 while diversity factors are more
than unity. High load and diversity factors are the desirable qualities of the power system. Indeed,

these factors are used to predict the load. Fig. 3.4 shows a
small part of electric power system where a distribution trans-
former is supplying power to the consumers. For simplicity,
only three consumers a, b, and c are shown in thefigure. The
maximum demand of consumer aisthe product of itsconnected
load and the appropriate demand factor. Same is the case for
consumersb and c. The maximum demand on the transformer
isthe sum of a, b and ¢'s maximum demands divided by the
diversity factors between the consumers. Similarly, the maxi-
mum demand on the feeder is the sum of maximum demands
on the distribution transformers connected to it divided by the

<4+— Feeder

8 | 4

««— Distribution
Transformer

diversity factor between transformers. Likewise diversifica-
tion between feeders is recognised when obtaining substation
maximum demands and substation diversification when pre-
dicting maximum load on the power station. Note that diver-
sity factor is the sum of the individual maximum demands of
the subdivisions of asystem taken asthey may occur during the
daily cycle divided by the maximum simultaneous demand of

[b]

Consumers

Fig. 3.4

the system. The “system” may be a group of consumers served by a certain transformer, a group of
transformers served by afeeder etc. Sinceindividual variations have diminishing effect as one goes
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farther from the ultimate consumer in making measurements, one should expect decreasing numeri-
cal values of diversity factor as the power plant end of the system is approached. Thisisclear from
the above table showing diversity factors between different elements of the power system.
Example 3.1. The maximum demand on a power station is 100 MW, If the annual load factor
is40% , calculate the total energy generated in a year.
Solution.

Energy generated/year

Max. demand x L.F. x Hoursin ayear
(100 x 10°) x (0-4) x (24 x 365) kWh
= 3504 x 10° kWh
Example 3.2. A generating station has a connected load of 43MW and a maximum demand of

20 MW the units generated being 61-5 x 10° per annum. Calculate (i) the demand factor and
(i) load factor.

Solution.
; Max. demand _ 20
D dfactor = — - —"— = =(0.465
M eman o Connected load 43
: 6
(ii) Averagedemand = Units genergted/annum _6105x10" _ 7000 kW
Hoursin ayear 8760
O Load factor = Averagedemand _ _ 7020 _ 0-351 or 35:1%

Max. demand 20 x 10°

Example 3.3. A 100 MW power station delivers 100 MW for 2 hours, 50 MW for 6 hoursand is
shut down for the rest of each day. It is also shut down for maintenance for 45 days each year.
Calculate its annual load factor.

Solution.

Energy supplied for each working day
(100 x 2) + (50 x 6) = 500 MWh
365 - 45 = 320 daysin ayear
500 x 320 = 160,000 MWh

MWh supplied per annum x 100
Max. demand in MW x Working hours
160,000
= (200 x (320 x 24) < 100=208%

Example 3.4. A generating station has a maximum demand of 25MW, a |load factor of 60%, a
plant capacity factor of 50% and a plant use factor of 72%. Find (i) thereserve capacity of the plant
(ii) the daily energy produced and (iii) maximum energy that could be produced daily if the plant
while running as per schedule, were fully loaded.

Station operates for
O Energy supplied/year

Annual load factor =

Solution.
: _ Average demand
@) Load factor = Maximum demand
or 060 = Averag; 5demand
O Averagedemand = 25 x 0-60 = 15 MW
. Average demand
Plant ty factor = ———————
ant capacity factor Plant capacity

O Plant capacity = Averagedemand _ 15 _ 30 MW

Plant capacity factor 0%
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0 Reservecapacity of plant = Plant capacity — maximum demand
30-25=5MW
Average demand x 24
= 15 x 24 = 360 MWh
(iif) Maximum energy that could be produced
Actual energy produced in a day
Plant use factor

= 360 = 500 MWhiday
0072

Example 3.5. A diesel station supplies the following loads to various consumers :
Industrial consumer = 1500 kW ; Commercial establishment = 750 kW
Domestic power = 100 kW; Domestic light = 450 kw/

If the maximum demand on the station is 2500 kW and the number of kWh generated per year is
45 x 10°, determine (i) the diversity factor and (ii) annual load factor.

(i) Daily energy produced

Solution.
. S _ 1500 + 750 +100 + 450 _
0] Diversity factor = 2500 =112
(ii) Averagedemand = KWhaenerated/annum _ o, 15/g760 = 513.7 kw
Hoursin ayear
0 Load factor = Averageload _ 51307 _ 505 o0

Max. demand ~ 2500
Example3.6. A power station has a maximum demand of 15000 kW. The annual load factor is
50% and plant capacity factor is 40%. Determine the reserve capacity of the plant.
Solution.

Energy generated/annum

Max. demand x L.F. x Hoursin ayear
(15000) x (0-5) x (8760) kWh
657 x 10° kWh

Units generated / annum
Plant capacity x Hoursin a year
6507 x 10°
04 x 8760
Reserve capacity = Plant capacity — Max. demand
18,750 — 15000 = 3750 kW
Example 3.7. A power supply is having the following loads :

Plant capacity factor =

O Plant capacity = 18,750 kW

Type of load Max. demand (k W) Diversity of group Demand factor
Domestic 1500 1.2 0-8
Commercial 2000 1.1 09
Industrial 10,000 1.25 1

If the overall system diversity factor is 1-35, determine (i) the maximum demand and (ii) con-
nected load of each type.

Solution.

(i) Thesum of maximum demands of three types of loadsis = 1500 + 2000 + 10,000 = 13,500
kW. Asthe system diversity factor is 1-35,

0 Max. demand on supply system = 13,500/1-35 = 10,000 kW
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(if) Eachtype of load hasits own diversity factor among its consumers.
Sum of max. demands of different domestic consumers

= Max. domestic demand x diversity factor
1500 x 1-2 = 1800 kW
1800,70-8 = 2250 kW

0 Connected domestic load
Connected commercia load 2000 x 1-1,70-9 = 2444 kW
Connected industrial load 10,000 x 1-25,/1= 12,500 kW

Example 3.8. At the end of a power distribution system, a certain feeder supplies three distri-
bution transformers, each one supplying a group of customers whose connected loads are as under:

Transformer Load Demand factor Diversity of groups
Transformer No. 1 10 kW 0:65 1.5
Transformer No. 2 12 kW 06 35
Transformer No. 3 15 kw 07 15

If the diversity factor among the transformersis 1-3, find the maximum load on the feeder.
Solution. Fig. 3.5 shows afeeder supplying three distribution transformers.
Sum of max. demands of customers on Transformer 1
= connected load x demand factor = 10 x 0-65 = 6:5 kW

—>

=

>
2
Feeder - £
> 3

—>

—

>

Fig. 3.5

Asthe diversity factor among consumers connected to transformer No. 1is1-5,
00 Maximum demand on Transformer 1 = 6:5/1-5=4-33 kW
Maximum demand on Transformer 2 = 12 x 0-6,/3-5 = 2.057 kW
Maximum demand on Transformer 3 = 15x 0-7,/1.5=7 kW
Asthediversity factor among transformersis1-3,

0 Maximum demand on feeder = =22 +12EE3057 7 o 103kW

Example3.9. It hasbeen desired to install a diesel power station to supply power in a suburban
area having the following particulars :

(i) 1000 houseswith average connected load of 1-5 kW in each house. The demand factor and
diversity factor being 0-4 and 2:5 respectively.
(if) 10 factories having overall maximum demand of 90 kW.
(iii) 7 tubewells of 7 kW each and operating together in the morning.

Thediversity factor among above three types of consumersis1-2. What should be the minimum
capacity of power station ?
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Solution.
Sum of max. demands of houses = (1.5 x 0-4) x 1000 = 600 kW
Max. demand for domestic load = 600,/2-5 = 240 kW

Max. demand for factories = 90 kW

Max. demand for tubewells = 7* x 7 =49 kW

The sum of maximum demands of three types of loads is = 240 + 90 + 49 = 379 kW. Asthe
diversity factor among the three types of loadsis 1-2,

0  Max.demand on station = 379,12 = 316 kW

O Minimum capacity of station requried = 316 kW

Example 3.10. A generating station has the following daily load cycle :

Time(Hours) 0—6 6—10 10—12 12—16 16—20 20—24

Load(M'W) 40 50 60 50 70 40

Draw the load curve and find (i) maximum demand (ii) units generated per day (iii) average
load and (iv) load factor.

Solution. Daily curveisdrawn by taking theload along Y -axis and time along X-axis. For the
given load cycle, theload curveis shownin Fig. 3.6.

(i) Itisclear from the load curve that maximum demand on the power station is 70 MW and
occurs during the period 16— 20 hours.

0 Maximum demand = 70 MW

90

80
70

60

50

40

30

Load in MW ———

20

10

0
0 2 4 6 8 10 12 14 16 18 20 22 24

Time in hours ——p
Fig. 3.6

(i) Unitsgenerated/day = Area(in kWh) under the load curve
= 10°[40x 6+ 50 x 4+ 60 x 2 + 50 x 4 + 70 X 4 + 40 x 4]
= 10°[240 + 200 + 120 + 200 + 280 + 160] kWh

= 12 x 10° kWh
_ Unitsgenerated/ day _ 12x10° _
A load = = = 50,000 kW
(i) verageTo 24 hours 24
(iv) Load factor = Averageload _ 50000 _ 714 = 71.49

Max. demand = 70 x 10°
*  Sincethe tubewells operate together, the diversity factor is 1.
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Example3.11. A power station has to meet the following demand :

Group A : 200 kW between 8 A.M. and 6 P.M.

Group B : 100 kW between 6 A.M. and 10 A.M.

Group C : 50 kW between 6 A.M. and 10 A.M.

Group D : 100 kW between 10 A.M. and 6 P.M. and then between 6 P.M. and 6 A.M.

Plot the daily load curve and determine (i) diversity factor (ii) units generated per day (iii) load
factor.

Solution. The given load cycle can be tabulated as under :

Time (Hours) 0—6 6—8 8—10 10—18 18—24
Group A — — 200 kw 200 kw —
Group B — 100 kW 100 kW — —
Group C — 50 kW 50 kW — —
Group D 100 kwW — — 100 kw 100 kw
Total load on
power station 100 kW 150 kW 350 kwW 300 kw 100 kW
From thistable, it is clear that total load on power stationis100  350l-——

kW for 0— 6 hours, 150 kW for 6— 8 hours, 350 kW for 8— 10 hours, 300)- - —

300 kW for 10— 18 hours and 100 kW for 18— 24 hours. Plotting o=

the load on power station versus time, we get the daily load curve as 2 2001

N

showninFig. 3.7. Itisclear from the curve that maximum demand on

the

station is 350 kW and occursfrom8 A.M.t0 10 A. M. i.e,,

Maximumdemand = 350 kW
Sum of individual maximum demands of groups
= 200+ 100 + 50 + 100

£ 1507
g
% 1001
|

50

1 1 1 1 1
0 4 8 1216 2024
Time in hours—p

= 450 KW Fig. 3.7
(i) Diversity factor = SUmof individua mex. demands - 450,350 = 1.286
Max. demand on station
(i) Unitsgenerated/day = Area(in kwWh) under load curve
= 100x6+150x2+350% 2+ 300% 8+ 100 % 6
= 4600 kWh
(iii) Averageload = 4600/24 = 191-7 kW
0 Load factor = % x 100 = 548%
Example 3.12. The daily demands of three consumers are given below :
Time Consumer 1 Consumer 2 Consumer 3
12 midnight to 8 A.M. No load 200W No load
8AM.to2P.M. 600 W No load 200 W
2PM.to4 P.M. 200 W 1000 W 1200 W
4PM.to 10 P.M. 800 W No load No load
10 P.M. to midnight No load 200W 200W
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Plot the load curve and find (i) maximum demand of individual consumer (ii) load factor of
individual consumer (iii) diversity factor and (iv) load factor of the station.

Solution. Fig. 3.8 shows the load curve.

2400 W
2400 f———— === ——
2000 +
[ 1600 —+
£ 1200
g
'zE; B 800 W 800 W
(o] | |
S 400 Lot 400 W
| |
200 W 1 ¢ I
I I !
0 I I —— —
12 4 8 12 2 4 8 12
(Midnight) (Noon) (Midnight)
e
Time in hours
Fig. 3.8
(i) Max. demand of consumer 1 =800 W
Max. demand of consumer 2 = 1000 W
Max. demand of consumer 3 = 1200 W
. _ Energy consumed / day
(i) L.F. of consumer 1 = Max. demand x Hours in a day x 100
_ 600%x6+200x2+800 %6 _
= 800 x 24 x 100 = 45-8%
_ 200x8+1000 x 2+ 200 x2 1A
L.F. of consumer 2 = 1000 X 24 x 100 = 16 7%
_ 200x6+1200 x2+ 200 x 2 _
L.F. of consumer 3 = 1200 X 24 x 100 = 13-8%

(iif) The simultaneous maximum demand on the station is 200 + 1000 + 1200 = 2400 W and
occurs from 2 PM. to 4 PM.
S _ 800 +1000 +1200 _
O Diversity factor = 2400 =125
Totd energy consumed / day x 100

. H | f =

@iv) Station load factor Simultaneous max. demand x 24
_ 8800 + 4000 + 4000 oo
= 5200 x 24 x 100 = 29:1%

Example 3.13. A daily load curve which exhibited a 15-minute peak of 3000 kW is drawn to
scale of 1 cm= 2 hoursand 1 cm = 1000 kW. The total area under the load curve is measured by
planimeter and is found to be 12 cm’. Calculate the load factor based on 15-min. peak.

Solution.

1 cm? of load curve represents 1000 x 2 = 2000 kWh
2000 x Areaof load curve

Hoursin aday

Averagedemand = = 2000 % % = 1000 KW
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_ 1000 _
a Load factor = 3000 x 100 = 333%

Example 3.14. A power station has a daily load cycle as under :
260 MW for 6 hours; 200 MW for 8 hours: 160 MW for 4 hours, 100 MW for 6 hours.
If the power station is equipped with 4 sets of 75 MW each, calculate (i) daily load factor (ii)

plant capacity factor and (iii) daily requirement if the calorific value of oil used were 10,000 kcal/kg
and the average heat rate of station were 2860 kcal/kWh.

Solution. Max. demand on the station is 260 x 10° kW.
Units supplied/day 10° [260 x 6 + 200 x 8 + 160 x 4 + 100 x 6]
4400 x 10° kWh

3
0 Daily load factor = 220X 10" 450 = 70504
260 x 10° x 24

4400 x 10%24 = 1,83,333 kW

(i) Average demand/day

Station capacity = (75 x 10°) x 4 = 300 x 10° kW
0 Plant capacity factor = &3333 x 100 =611 %
300 x 10
(i) Heat required/day = Plant heat rate x units per day
= (2860) x (4400 x 10%) kcal
3
Fuel required/day = 28804400 x10° _ 1558 4 « 10% kg = 12584 tons

10000

Example 3.15. A power station has the following daily load cycle :

TimeinHours 6—38 8—12 12—16 16—20 20—24 24—6

Loadin MW 20 40 60 20 50 20

Plot the load curve and load duratoin curve. Also calculate the energy generated per day.

Solution. Fig. 3.9 (i) shows the daily load curve, whereas Fig. 3.9 (ii) shows the daily load
duraton curve. It can bereadily seen that area under the two load curvesisthe same. Note that 1oad
duration curveisdrawn by arranging the loadsin the order of descending magnitudes.

60T ———-—-~- 60
A 507 -——--—-- 50~
40+ ———— 40+-d--
I I I
% 30t : so+ 1|
&= I : I
o | 20 ——l—i— 20+ —q-—+-
o [ Lo
=1 107 T LS T
L4 4 00 R
0 4 8 1216 20 24 0 4 8 1216 20 24
Time of day Hours duration
Load Curve Load Duration Curve
@ Fig. 3.9 (i)
Unitsgenerated/day = Area(in kwWh) under daily load curve

10°[20 x 8+ 40 x 4 + 60 x 4 + 20 x 4 + 50 x 4]
840 x 10° kWh
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Alternatively :
Unitsgenerated/day

Area (in kwh) under daily load duration curve
10%[60 x 4 + 50 x 4 + 40 x 4 + 20 x 12]
840 x 10° kWh

which isthe same as above.

Example 3.16. The annual load duration curve of a certain power station can be considered as
astraight linefrom20 MWto 4 MW. To meet thisload, three turbine-generator units, two rated at 10
MW each and onerated at 5 MW areinstalled. Determine (i) installed capacity (ii) plant factor (iii)
units generated per annum (iv) load factor and (v) utilisation factor.

Solution. Fig. 3.10 shows the annual load duration curve of the power station.

0] Installed capacity = 10+ 10+5=25MW

(if) Referring to the load duration curve,

Averagedemand = % [20 + 4] =12 MW

0 Plant factor = AverLdemandzg =048 = 48%

Plant capacity 25

20,000

J
8760

Hours of the year'

Fig. 3.10

(iff)  Unitsgenerated/annum = Area (in KWh) under load duration curve

% [4000 + 20,000] x 8760 kWh = 105-12 x 10° kWh

iv Load factor = 2000 5 100 = a0
(iv)
20,000
\% Utilisation factor = Max.demand _ 20,000 =0-8 = 80%.
v)

Plant capacity 25000
Example 3.17. At the end of a power distribution system, a certain feeder suppliesthree distri-

bution transformers, each one supplying a group of customers whose connected load are listed as
follows:

Transformer 1 Transformer 2 Transformer 3
General power Residencelighting Sore lighting and power
service and lighting
a: 10H.P, 5kwW e: 5kw j: 10KkW,5H.P.
b: 75H.P., 4kW f: 4KW k: 8kW25H.P.
c: 15H.P g: 8kw [: 4Kkw
d: 5H.P,2kwW h: 15kw
i: 20kw

Usethefactorsgivenin Art. 3.8 and predict the maximum demand on the feeder. The H.P. load
is motor load and assume an efficiency of 72%.
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Solution. The individual maximum demands of the group of consumers connected to trans-
former lare obtained with factors from the table on page 49.

a: (10 x 00%426) x 065+ 5 x 060* = 974 kKW
i 0[746 _ a
b- (7[5x 0D72)X0-75+4><0-60 = 823 KW
] 0[T46 .
c: (15><—0D72)><065 = 1010 kW
i 0[746 _
d: (SX OD,2)><0-75+2><0-60 = 5.09 kW
Total = 33:16 kW
Thediversity factor between consumers of thistype of serviceis 1-5 (From thetable of article 3.8).
0 Maximum demand on transformer 1 = % =22-10 kW
In asimilar manner, the other transformer loads are determined to be
Total Smultaneous
Transformer 2 26 kwW 7-43 KW
Transformer 3 29-13 kW 19-40 kW

The diversity factor between transformersis 1-3.

2210+ 743 +19140 _ 4893

0 Maximum load onfeeder = = =37-64 kW

103 103

TUTORIAL PROBLEMS

A generating station has a connected load of 40 MW and a maximum demand of 20 MW : the units
generated being 60 x 10°. Calculate (i) the demand factor (ii) the load factor.  [(i) 05 (ii) 34-25%]
A 100 MW powers stations delivers 100 MW for 2 hours, 50 MW for 8 hours and is shut down for the
rest of each day. It isalso shut down for maintenance for 60 days each year. Calculateits annual load
factor. [21%]
A power station isto supply four regions of loads whose peak values are 10,000 kW, 5000 kW, 8000 kW
and 7000 kW. The diversity factor of the load at the station is 1.5 and the average annual load factor is
60%. Calculate the maximum demand on the station and annual energy supplied from the station.
[20,000 kW ; 105-12 x 10° kWh]
A generating station supplies the following loads : 15000 kW, 12000 kW, 8500 kW, 6000 kW and 450
kW. The station has a maximum demand of 22000 kW. The annual load factor of the station is 48%.
Calculate (i) the number of units supplied annually (ii) the diversity factor and (iii) the demand factor.
[(i) 925 x 10° kWh (ii) 52-4% (iii) 1-9]
A generating station has a maximum demand of 20 MW, aload factor of 60%, a plant capacity factor of
48% and a plant use factor of 80% . Find:
(i) thedaily energy produced
(i) thereserve capacity of the plant

*  Sincedemand factor for a particular load magnitudein not given in thetable, it isreasonableto assumethe
averagevaluei.e.

0+00B 12
Demand Factor = #=7=0-6
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(iii) the maximum energy that could be produced daily if the plant was running al the time

(iv) the maximum energy that could be produced daily if the plant was running fully loaded and oper-
ating as per schedule. [(i) 288 x 10° kWh (ii) O (iii) 4-80 x 10> kWh (iv) 600 x 10° kWHh]

A generating station has the following daily load cycle:

Time (hours) 0—6 6—10 10—12 12—16 16—20 20—24

Load (MW) 20 25 30 25 35 20

Draw the load curve and find

(i) maximum demand,

(if) units generated per day,

(iif) averageload,

(iv) load factor, [()) 35 MW (i) 560 x 10% kWh (iii) 23333 kW (iV) 66-67%]

A power station has to meet the following load demand :

Load A 50 kW between 10 A.M. and 6 PM.

Load B 30 kW between 6 PM. and 10 PM.

Load C 20 kW between 4 PM. and 10 A.M.

Plot the daily load curve and determine (i) diversity factor (ii) units generated per day (iii) load factor.

[(i) 1-43 (ii) 880 kWh (iii) 52-38%]

A substation supplies power by four feeders to its consumers. Feeder no. 1 supplies six consumers

whose individual daily maximum demands are 70 kW, 90 kW, 20 kW, 50 kW, 10 kW and 20 kW while

the maximum demand on the feeder is 200 kW. Feeder no. 2 supplies four consumers whose daily

maximum demands are 60 kW, 40 kW, 70 kW and 30 kW, while the maximum demand on the feeder is

160 kW. Feeder nos. 3 and 4 have adaily maximum demand of 150 kW and 200 kW respectively while

the maximum demand on the station is 600 kW.

Determine the diversity factors for feeder no. 1. feeder no. 2 and for the four feeders.  [1-3, 125, 1-183]

A central station is supplying energy to a community through two substations. Each substation feeds
four feeders. The maximum daily recorded demands are :

POWER STATION........ 12,000 KW
Substation A ...... 6000 kW Sub-station B ... 9000 kW
Feeder 1............ 1700 kW Feeder 1............ 2820 kW
Feeder 2 ............ 1800 kW Feeder 2 ............ 1500 kw
Feeder 3 ............ 2800 kW Feeder 3 ............ 4000 kW
Feeder 4 ............ 600 kW Feeder 4 ............ 2900 kW
Calculatethe diversity factor between (i) substations (ii) feeders on substation A and (iii) feeders on sub-
station B. [(i) 2-25 (ii) 1-15 (iii) 1-24]
The yearly load duration curve of a certain power station can be approximated as a straight line ; the
maximum and minimum loads being 80 MW and 40 MW respectively. To meet thisload, three turbine-
generator units, two rated at 20 MW each and one at 10 MW are installed. Determine (i) installed
capacity (ii) plant factor (iii) kWh output per year (iv) load factor.

[(i) 5OMW (ii) 48% (iii) 210 x 10° (iv) 60%]

3.9

Load Curves and Selection of Generating Units

The load on a power station is seldom constant; it varies from time to time. Obviously, a single
generating unit (i.e., aternator) will not be an economical proposition to meet thisvaryingload. Itis
because a single unit will have very poor* efficiency during the periods of light loads on the power
station. Therefore, in actual practice, anumber of generating unitsof different sizesareinstalledin a
power station. The selection of the number and sizes of the units is decided from the annual 1oad
curve of the station. The number and size of the units are selected in such a way that they correctly

*

The efficiency of amachine (alternator in this case) is maximum at nearly 75% of its rated capacity.
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fit the stationload curve. Oncethisunderlying principleisadhered to, it becomes possibleto operate
the generating units at or near the point of maximum efficiency.

Illugtration. The principle of selection of number and sizes of generating units with the help of
load curveisillustrated in Fig. 3.11. InFig. 3.11 (i), the annual load curve of the station is shown. It
is clear form the curve that load on the station has wide variations ; the minimum load being some-
what near 50 kW and maximum load reaching the value of 500 kW. It hardly needs any mention that
use of asingle unit to meet thisvarying load will be highly uneconomical.

500 500
f* J
400 400 ©5 i
< 300 / 300
< Nl |/ y MY [ \
= 2
3 200 ,l \ 200 ,l@ I\,
. f i
100 100
AN/ A/ P
12 4 8 12 4 8 12 12 4 8 12 4 8 12
Mid- Noon
night —— Time in hours ——»
(@) (i0)
Fig. 3.11

Asdiscussed earlier, the total plant capacity is divided into several generating units of different
sizesto fit theload curve. Thisisillustrated in Fig. 3.11(ii) where the plant capacity is divided into
three* units numbered as 1, 2 and 3. The cyan colour outline shows the units capacity being used.
The three units employed have different capacities and are used according to the demand on the
station. In this case, the operating schedule can be as under :

Time Units in operation

From 12 midnight to 7 A.M. Only unit no.1 is put in operation.

From 7 A.M. to 12.00 noon Unit no. 2isalso started so that both units1 and 2 are
in operation.

From 12.00 noon to 2 PM. Unit no. 2 is stopped and only unit loperates.

From 2 PM. to 5 PM. Unit no. 2 isagain started. Now units1 and 2 arein
operation.

From 5 PM. to 10.30 PM. Units 1, 2 and 3 are put in operation.

From 10. 30 PM. to 12.00 midnight Units 1 and 2 are put in operation.

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

3.10 Important Points in the Selection of Units
While making the selection of number and sizes of the generating units, the following points should
bekeptinview :
(i) The number and sizes of the units should be so selected that they approximately fit the
annual load curve of the station.

It may be seen that the generating units can fit theload curve more closely if more units of smaller sizesare
employed. However, using greater number of units increases the investment cost per kW of the capacity.

*
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(if) The units should be preferably of different capacities to meet the load requirements. Al-
though use of identical units(i.e., having same capacity) ensures saving* in cost, they often
do not meet the load requirement.

(iif) The capacity of the plant should be made 15% to 20% more than the maximum demand to
meet the future load requirements.

(iv) There should be aspare generating unit so that repairs and overhauling of the working units
can be carried out.

(v) Thetendency to select alarge number of units of smaller capacity in order to fit the load
curvevery accurately should be avoided. It isbecausetheinvestment cost per kW of capac-
ity increases as the size of the units decreases.

Example 3.18. A proposed station has the following daily load cycle :

Timein hours 6—8 8—11 1116 16—19 19—22 2224 246

Loadin MW 20 40 50 35 70 40 20
Draw the load curve and select suitable generator units from the 10,000, 20,000, 25,000,

30,000 kVA. Preparethe operation schedule for the machines selected and determine the load factor

fromthe curve

Solution. Theload curve of the power station can be drawn to some suitable scale as shown in
Fig. 3.12.

Units generated per day = Area(in kWh) under the load curve

= 10°[20x8+40x 3+50x 5+ 35x 3+ 70 x 3 + 40 x 2]
= 10°[160 + 120 + 250 + 105 + 210 + 80] kWh
= 925 x 10°kWh

3
Averageload = % = 38541.7 KW
Load factor = 38541[5 x 100 = 55:06%
70x10 o I
Selection of number and sizes of units: Assuming power
factor of the machines to be 0-8, the output of the generating 60T
units available will be 8, 16, 20 and 24 MW. There can be Y] ——
several possibilities. However, while selecting the sizeand num-
ber of units, it hasto be bornein mind that (i) one set of highest T 40 ---- | |
capacity should be kept as standby unit (ii) the units should = 30/} ! : !
meet the maximum demand (70 MW in this case) on the station % P |
(iii) there should be overall economy. 5 29 S |
Keepinginview theabovefacts, 4 setsof 24 MWeachmay S 10+ | : [ :
be chosen. Three sets will meet the maximum demand of T
70 MW and one unit will serve as a standby unit. 0774 8 12 16 20 24
Operational schedule. Referring to the load curve shown Time in hours———
in Fig. 3.12, the operational schedule will be as under : Fig. 3.12

(i) Set No. L will runfor 24 hours.
(if) Set No. 2 will run from 8.00 hours to midnight.

(i) Set No. 3 will run from 11.00 hoursto 16 hours and again from 19 hours to 22 hours.

Example 3.19. A generating station is to supply four regions of load whose peak loads are

10 MW, 5 MW, 8 MW and 7 MW. The diversity factor at the station is 1-5 and the average annual
load factor is 60%. Calculate :

*

Due to duplication of sizes and dimensions of pipes, foundations etc.



62 Principles of Power System
— . - — - =

(i) the maximum demand on the station.

(if) annual energy supplied by the station.

(iif) Suggest the installed capacity and the number of units.
Solution.

Sum of max. demands of the regions
Diversity factor
(10 +5+ 8+ 7)/1.5=20MW
(i)  Unitsgenerated/annum = Max. demand x L.F. x Hoursin ayear
(20 x 10%) x (0-6) x (8760) KWh
105-12 x 10° kWh
(iif) Theinstalled capacity of the station should be 15% to 20% more than the maximum demand
in order to meet the future growth of load. Taking installed capacity to be 20% more than
the maximum demand,
Installed capacity = 1.2 x Max. demand = 1.2 x 20 = 24 MW
Suitable unit sizes are 4, each of 6 MW capacity.

(i) Max. demand on station

3.11 Base Load and Peak Load on Power Station

The changing load on the power station makesitsload curve of variable nature. Fig. 3.13. showsthe
typical load curve of apower station. Itisclear that load onthe
power station variesfrom timeto time. However, acloselook

Peak load

at the load curve reveals that load on the power station can be so1
considered in two parts, namely; T 40+
(i) Baseload S 30
(ii) Pesk load T a0
(i) Baseload. The unvarying load which occurs almost § // ///—//%—
the whole day on the station is known as base |oad. = 107 Base load //
Referring to the load curve of Fig. 3.13, it is clear that 0 i / / L %
20 MW of load hasto be supplied by the station at al times of 4_8Tim;?n ;guéo_f“
day and night i.e. throughout 24 hours. Therefore, 20 MW is
the base load of the station. As base load on the station is Fig. 3.13

amost of constant nature, therefore, it can be suitably supplied (as discussed in the next Article)
without facing the problems of variable load.

(if) Peak load. The various peak demands of load over and above the base load of the station
is known as peak load.

Referring to theload curve of Fig. 3.13, it isclear that there are peak demands of 1oad excluding
baseload. These peak demands of the station generally form a small part of the total load and may
occur throughout the day.

3.12 Method of Meeting the Load

The total load on a power station consists of two parts viz., base load and peak load. In order to
achieve overall economy, the best method to meet load is to interconnect two different power sta-
tions. The more efficient plant is used to supply the base load and is known as base |oad power
station. The less efficient plant is used to supply the peak loads and is known as peak load power
station. Thereis 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 stations are
quite efficient and can be used as base load as well as peak load station to meet a particular 1oad
requirement.
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[llustration. The interconnection of steam and hydro plantsis a beautiful illustration to meet
theload. When water is available in sufficient quantity asin summer and rainy season, the hydro-
electric plant is used to carry the base load and the steam plant supplies the peak load as shown in
Fig 3.14 (i).

50T
401

30+

S ESHEHFEESR

20

Load in MW——»

10+

4 8 1216 20 24
Hours ——»

12 16 20 24

Load division on Hydro-steam system.

(i) High Flow day (if) Low Flow day
Fig. 3.14

However, when the water is not available in sufficient quantity as in winter, the steam plant
carriesthe baseload, whereas the hydro-el ectric plant carriesthe peak load as shownin Fig. 3.14 (ii).

3.13 Interconnected Grid System

The connection of several generating stations in parallel is known as interconnected grid system.
The various problems facing the power engineers are considerably reduced by interconnecting
different power stations in parallel. Although interconnection of station involves extra cost, yet
considering the benefits derived from such an arrrangement, it is gaining much favour these days.
Some of the advantages of interconnected system are listed below :
(i) Exchangeof peakloads: Animportant advantage of interconnected system isthat the peak
load of the power station can be exchanged. If the load curve of a power station shows a
peak demand that is greater than the rated capacity of the plant, then the excessload can be
shared by other stations interconnected with it.

(if) Useof older plants: The interconnected system makesit possible to use the older and less
efficient plantsto carry peak loads of short durations. Although such plants may be inad-
equate when used alone, yet they have sufficient capacity to carry short peaks of loadswhen
interconnected with other modern plants. Therefore, interconnected system gives a direct
key to the use of obsolete plants.

(iif) Ensures economical operation : The interconnected system makes the operation of con-
cerned power stations quite economical. It isbecause sharing of load among the stationsis
arranged in such away that more efficient stationswork continuously throughouts the year
at ahigh load factor and the less efficient plants work for peak load hours only.

(iv) Increasesdiversity factor : Theload curves of different interconnected stations are gener-
aly different. The result isthat the maximum demand on the system is much reduced as
compared to the sum of individual maximum demands on different stations. In other words,
the diversity factor of the system isimproved, thereby increasing the effective capacity of
the system.

(v) Reducesplant reserve capacity : Every power station isrequired to have a standby unit for
emergencies. However, when several power stations are connected in parallel, the reserve
capacity of the system ismuch reduced. Thisincreasesthe efficiency of the system.
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(vi) Increasesreliability of supply : Theinterconnected system increasesthe reliability of sup-
ply. If amajor breakdown occursin one station, continuity of supply can be maintained by
other healthy stations.

Example 3.20. A baseload station having a capacity of 18 MW and a standby station having a
capacity of 20 MW share a common load. Find the annual load factors and plant capacity factors of
two power stations from the following data :

Annual standby station output = 7-35x 10° kWh
Annual base load station output = 101-35 x 10° kWh
Peak load on standby station =12 MW

Hours of use by standby station/year = 2190 hours
Solution.

Installed capacity of standby unit
= 20 MW =20 x 10° kW
Installed capacity of base load plant
= 18 MW = 18 x 10° kW
Standby station
kWh generated / annum x 1
Max. demand x Annua working hours

6
= 510 100 =2m%
(12x107%) x 2190
kWh output / annum

Installed capacity x Hoursin a year
_ 735x10°
~ (20 x10%) x 8760
Baseload station. Itisreasonable to assume that the maximum demand on the base |oad station

is equal to the installed capacity (i.e., 18 MW). It operates throughout the year i.e., for
8760 hours.

Annual |oad factor

Annual plant capacity factor

x 100

x 100 = 4-2%

6
0 Annual load factor = m
(18x10%) x 8760
As the base load station has no reserves above pesk load and it is in continuous operation,
therefore, its capacity factor is also 64.2%.

Example 3.21. The load duration curve for atypical heavy load being served by a combined
hydro-steam system may be approximated by a straight line; maximum and minimum loads being
60,000 kW and 20,000 kW respectively. The hydro power available at the time of minimumregulated
flow is just sufficient to take a peak load of 50,000 kWh per day. It is observed that it will be
economical to pump water fromtail race to the reservoir by utilising the steam power plant during
the off-peak periods and thus running the station at 100% load factor. Determine the maximum
capacity of each type of plant. Assume the efficiency of steam conversion to be 60%.

Solution. OCBA represents the load duration curve for the combined system as shown in
Fig. 3.15. Thetotal maximum demand (i.e., 60,000 kW) isrepresented by OC, whereasthe minimum
demand (i.e., 20,000 kW) is represented by OD.

=642%

Let OE = Capacity of steam plant
EC = Capacity of hydro plant
AreaCHI = Theenergy availablefrom hydro plant inthelow flow period.
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AreaFGB = The off-peak* period energy available from steam plant

Obviously, the energy of hydro plant represented by areaHEFI and available from reservoir has
been supplied by steam power plant represented by area FGB. As steam electric conversion is 60%,

a AreaHEFI = 0.6 x AreaFGB ()]
But AreaHEFI = AreaCFE — AreaCHI
= % %/ ~500001

Now AreaFGB % x FG x GB :% (24 - x) (40,000 -y)

Putting the various valuesin exp. (i), we get,

% xy -50000 = OB [% (24 - x) (40,000 - y)]

60 oooC ——————————————— ‘
\I f

P y

> m
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= ——x————»

:
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< 20,000 [5TTTTTTTTTTTT T

s

0 Hours > A
Fig. 3.15
or 0-2xy+12000x+7-2y-3,38,000=0 .. (i)
Also from similar triangles CEF and CDB, we get,
y - X
40,000 24
_ 40,000 x
O y = >4 .. (iii)
Putting y = 40,000 x /24 from exp. (iii) into exp. (ii), we get,
333’ + 24000 x - 3,38,000 = 0
or X +72x-1015 = 0
0 « = —721,/5184+4060_—72196_12
2 24
O Capacity of the hydro plant is
y(=EC) = 912 = 20000 kw
Capacity of steam plant = 60,000 — 20,000 = 40,000 kW

Example 3.22. The annual load duration curve for a typical heavy load being served by a
steam station, a run-of-river station and a reservoir hydro-electric station is as shown in Fig. 3.16.
The ratio of number of units supplied by these stationsis as follows :

*

Itis clear from load duration curve that the capacity of steam plant represented by area FGB is not being
utilised efficiently. This steam energy can be used to pump water in tail race back to the reservair.
T Because during minimum regulated flow, hydro energy supplied is 50,000 kWh.



66 Principles of Power System

Seam : Run-of-river : Reservoir :: 7: 4:1

Therun-of-river station is capable of generating power continuously and works as a base load
station. Thereservoir station works as a peak load station. Determine (i) the maximum demand of
each station and (ii) load factor of each station.

Solution. ODCA isthe annual load duration curve for the system as shown in Fig. 3.16. The
energy supplied by thereservoir plant isrepresented by area DFG ; steam station by area FGCBE and
run-of-river by area OEBA. The maximum and minimum loads on the system are 320 MW and
160 MW respectively.

D Reservoir
‘T_ = Hydro-station
y Steam station
3 €
= F \
= X 160
= C
®©
o
=
E / B
/ — Run-of-river Station
o) A

J« 8760 Hours »

Fig. 3.16
Area (in kwWh) under annual load duration curve

Unitsgenerated/annum

10° [% (320 + 160) x 8760] kWh = 2102 x10° kWh

As the steam plant, run-of-river plant and hydro plant generate units in theratioof 7: 4 : 1,
therefore, units generated by each plant are given by :

Steamplant = 21024 x 10° x 7/12 = 12264 x 10° kWh
Run-of-river plant = 2102-4 x 10° x 4/12 = 700-8 x 10° kWh
Reservoir plant = 2102-4 x 10° x 1/12 = 175-2 x 10° kWh
(i) Maximum demand on run-of-river plant

_ AreaOEBA _ 7008 x 10°
OA 8760
Suppose the maximum demand of reservoir plant isy MW and it operates for x hours (See
Fig. 3.16).

= 80,000 kW

Y X =
Then, 160 8760 O X7 160

Units generated per annum by reservoir plant
Area (in kwh) DFG

3(1 _03(1 8760y
10 (2"3’) 10 (2’( 160 y)

y2
£ % 8,76,000

But the units generated by reservoir plant are 175-2 x 10° kwh.
2
0 % x 876000 = 1752 x 10°
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y* = 6400 or y=./6400 =80 MW

O Maximum demand on reservoir station is

FD = 80 MW

Maximum demand on steam station is

(i)

L.F. of run of river plant

EF = 320-80-80=160 MW
100* %

Units generated / annum
Maximum demand x 8760

6
_ _1/512x10 %100 = 2%

(80 x 10°) x 8760

12262 x 10°
(160 x 10%) x 8760

L.F. of reservoir plant = x 100

L.F. of steam plant x 100 = 87.5%

SELF - TEST

1. Fill in the blanks by inserting appropriate words/figures :

0)
(ii)
(iii)
(iv)
V)
(vi)
(vii)
(viii)
(ix)
)

The area under the daily load curve gives................

The connected load is generally ............. than the maximum demand.

The value of demand factor is.............. than 1.

The higher the load factor of apower station, the ............. isthe cost per unit generated.

The value of diversity factor is............. than 1.

The lesser the diversity factor, the ............. isthe cost of generation of power.

A generating unit operates with maximum efficiency at about ............. % of itsrated capacity.
According to Indian Electricity Supply Act (1948), the capacity of the spare set should be..............
Inan annual load curve, ............. istaken adlong Y-axisand ............. along X-axis.

Base load occurs on the power station for ............. hours in a day.

2. Pick up the correct words/figures from the brackets and fill in the blanks :

0]
(i)
(iii)
(iv)
v)
(vi)

(vii)
(viii)

Areaunder the daily load curve divided by 24 gives ............. .
(average load, maximum demand, units generated)
The knowledge of diversity factor helpsin determining .............
(average load, units generated, plant capacity)
More efficient plantsareused as.............. (base load stations, peak load stations)
A diesel power plant isgenerally used asa............. (base load station, peak load station)
In a hydro-steam system, steam power station carries the base load during .............
(high flow day, low flow day)
In an interconnected grid system, the diversity factor of the whole system .............
(increases, decreases, remains constant)
Installed capacity of a power station is ............. then the maximum demand. (less, more)
Annual load factor is determined from ............. load curve. (daily, monthly, annual)

1. ()
2. ()

ANSWERS TO SELF-TEST
units generated in the day (ii) more (iii) less (iv) lesser (v) more (vi) greater (vii) 75% (viii) highest
of all sets (ix) load, hours (x) 24.

average load (ii) plant capacity (iii) base load stations (iv) peak load station (v) low flow day (vi)
increases (vii) more (viii) annual.

*  Sinceit operates continuously at rated capacity (i.e. it is a base load station).
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CHAPTER REVIEW TOPICS

Why isthe load on apower station variable ? What are the effects of variableload on the operation of the
power station ?

What do you understand by the load curve ? What informations are conveyed by aload curve ?
Define and explain the importance of the following termsin generation :
(i) connected load (ii) maximum demand (iii) demand factor (iv) average load.
Explain the termsload factor and divesity factor. How do these factorsinfluence the cost of generation?
Explain how load curves help in the selection of size and number of generating units.
Discuss the important points to be taken into consideration while selecting the size and number of units.
What do you understand by (i) base load and (ii) peak load of a power station ?
Discuss the method of meeting the peak |oad of an electrified area.
Discuss the advantages of interconnected grid system.
Write short notes on the following :
(i) load curves,
(i) load division on hydro-steam system,
(iii) load factor,
(iv) plant capacity factor,

ok~ wdPE

DISCUSSION QUESTIONS

Why are load curves drawn ?

How will you improve the diversity factor of a power station ?

What is the importance of load factor ?

What is the importance of diversity factor ?

The values of demand factor and load factor are always lessthan 1. Why ?

To FIRST
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