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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



44

Principles of Power System

3.3
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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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.
Area (in kwWh) under daily load curve
24 hours
The ratio of the area under the load curve to the total area of rectangle in which it is con-
tained gives the load factor.

Averageload =
v)

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.



Variable Load on Power Stations 45
— e ———

(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 averageload =

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.
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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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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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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
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(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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_

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 kW — — 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—10hours, 4 34|
300 kW for 10— 18 hours and 100 kW for 18— 24 hours. Plotting
the load on power station versus time, we get the daily load curve as
showninFig. 3.7. Itisclear from the curve that maximum demand on

2501
= 200
~

the station is 350 kW and occursfrom 8 A.M.to 10 A. M. i.e, %:32 !
Maximumdemand = 350 kW 3 504 | i |
Sum of individual maximum demands of groups 0 4: é 12 1'6:2'0 24
= 200+ 100 + 50 + 100 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
= 100x 6+ 150 x 2 + 350 x 2 + 300 x 8 + 100 x 6
= 4600 kWh
(iii) Averageload = 4600/24 = 191-7 kW
0 Load factor = % x 100 = 54.8%
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 200 W No load
8AM.t02P.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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