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50.1. Economic Motive

In al engineering projects with the exception of the construction of works of art or memorial
buildings, the question of cost is of first importance. Infact, in most cases the cost decides whether
aproject will beundertaken or not although political and other considerations may intervene sometimes.
However, the design and construction of an electric power system is undertaken for the purpose of
producing electric power to be sold at a profit. Hence, every effort is made to produce the power as
cheaply aspossible. The problem of calculating the cost of any schemeis often difficult because the
cost varies considerably with time, tariffsand even with convention. Ingeneral, the cost of producing
electric power can be roughly devided into the following two portions :

(a) Fixed Cost. These do not vary with the operation of the plant i.e. these are independent of
the number of units of electric energy produced and mainly consist of :

1. Interest on capital investment,

2. Allowancefor depreciation (i.e. wearing out of the depreciable parts of the plant augmented
by obsolescence, buildings, the transmission and distribution system etc.),

3. Taxesand insurance, 4. most of the salaries and wages, 5. small portion of the fuel cost.

(b) Running or Operating Cogs. These vary with the operation of the plant i.e. these are
proportional to the number of units of electric energy generated and are mostly made up of :

1. most of thefuel cost, 2. small portion of salaries and wages, 3. repair and maintenance.

50.2. Depreciation

Itisobviousthat from the very day the construction of agenerating plant is completed, deterio-
ration starts and due to wear and tear from use and the age and physical decay from lapse of time,
thereresultsareduction in the value of the plant — aloss of some part of the capital investment inthe
perishable property. The rate of wear and disintegration is dependent upon (i) conditions under
which the plant or apparatusisworking, (ii) how it is protected from elementsand (iii) how promptly
the required repairs are carried out.

Hence, asthe property decreasesfromitsoriginal cost wheninstalled, toitsfinal scrap or salvage
value at the end of itsuseful life, it isessential that the owner will have in hand at any given time as
much money as represents the shrinkage in value and at the time of actual retirement of the plant, he
must certainly have in hand the full sum of the depreciable part of the property. By adding this
amount to the net salvage value of the plant, the owner can rebuild the sametype of property ashedid
in thefirst instance or he can build some other property of an equivalent earning capacity.

The useful life of the apparatus endswhen itsrepair becomes so frequent and expensivethat itis
found cheaper to retire the equipment and replace it by a new one.

It may be pointed out here that in addition to depreciation from wear and tear mentioned above,
there can also be depreciation of the apparatus due to the inadequacy from obsolescence, both
sentimental and economic, from the requirements of the regulating authorities and from accidental
damages and if any of these factors become operative, they may force the actual retirement of the
apparatus much before the end of its normal useful life and so shorten the period during which its
depreciation expenses can be collected. Thesefactorswill necessitate increased depreciation rate and
the consequent build up of the depreciation reserve as to be adequate for the actual retirement.

Some of the important methods of providing for depreciation are:
1. Straight-linemethod, 2. Diminishing-value method,
3. Retirement-expense method, 4. Sinking-fund method.

In the straight-line method, provision is made for setting aside each year an equal proportional
part of the depreciable cost based on the useful life of the property. Suppose a machine costs
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Rs. 45,000 and itsuseful lifeis estimated asten yearswith ascrap value of Rs. 5,000, then the annual
depreciation valuewill be 1/10 of Rs. 40,000i.e. Rs. 4000. Thismethod isextremely simple and easy
to apply when the only causes for retirement of the machine are the wear and tear or the slow action
of elements. But it is extremely difficult to estimate when obsolescence or accidental damage may
occur to the machine. This method ignores the amount of interest earned on the amount set aside
yearly.

In the diminishing value method, provision is made for setting aside each year afixed rate, first
appliedtotheoriginal cost and then to the diminishing value; such rate being based upon the estimated
useful life of the apparatus. This method leads to heaviest charges for depreciation in early years
when maintenance charges are lowest and so evens out the total expense on the apparatus for
depreciation plusthe maintenance over itstotal useful life. Thismethod hasthe serious disadvantage
of imposing an extremely heavy burden on the early years of anew plant which has asyet to develop
itsload and build up itsincome as it goes along.

The retirement expense method which is not based on the estimated life of the property, aims at
creating an adequate reserve to take care of retirement before such retirements actually occurs.
Because of many objections raised against this method, it is no longer used now.

Inthe sinking-fund method, provision ismade for setting aside each year such asum as, invested
at certain interest rate compounded annually, will equal the amount of depreciable property at theend
of itsuseful life. Ascompared to straight-line method, it requires smaller annual amounts and also
the amounts for annuity are uniform. This method would be discussed in detail in this chapter.

Suppose Pisthe capital outlay required for aninstallation and r p.a. istheinterest per unit (6%
isequivalent tor = 0.06). Theinstallation should obviously provide rP as annual interest which is
added to its annual running cost. Were theinstallation to last forever, then this would have been the
only chargeto bemade. But asthe useful life of theinstallation hasadefinite value, it isnecessary to
provide asinking fund to produce sufficient amount at the end of the estimated useful life to replace
the installation by anew one. Let the cost of replacement be denoted by Q. ThisQ will be equal to
Pif the usedinstallation has zero scrap value, lessthan Pif it has positive scrap value and greater than
Pif it has anegative scrap value. If the useful lifeis n years, then the problemisto find the annual
chargeqto provideasinking fund which will make available an amount Q at theend of nyears. Since
amount g will earn an annual interest rq, hence its value after one year becomesq+ rq=q (1 +r).
Thissum will earn an interest of r x q (1 +r) and henceitsvalue at the end of two yearswill become
q(1+r) +qr (L+r)or q(1+r)% Similarly, itsvalueat theend of threeyearsisq(1 +r)°. i.e.itsvalue
ismultiplied by (1 + r) every year so that the first payment becomes worth (1 + r)" at the end of n
years. The second payment to the sinking-fund is made at the beginning of the second year, henceits
value at the end of the useful life of the installation becomes q(1 + r)™* because this anount earns
interest only for (n—1) years. Thetotal sum available at the end of n yearsistherefore

=q@+nN"+q@+)"t qL+r’+q@+r)
@+t @+ _ 1+r n
=4 @+r)-1 -4 [@+n" -1

This sum must, obviously, be equal to the cost of renewal Q.

0 Q=ql@+n"-Yorg=Q r— +[(+n"-1

1+r

Hence, thetotal annual charge ontheinstallationis(rP + q) i.e. the plant should bring in so much
money every year.
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50.3. Indian Currency

Thebasic unit of Indian currency isrupee (Re). Itsplural formisrupees (Rs.) Onerupee contain
100 paisa. Higher multiples of rupeesin common use are :

1 lakh (or lac) = Rs. 100,000 = Rs, 10° = Rs. 0.1 million

1 crore = 100 lakh = Rs. 10’ = Rs. 10 million

Example50.1. Find the total annual charge on an installation costing Rs. 500,000 to buy and
install, the estimated life being 30 years and negligible scrap value. Interest is 4% compounded
annually.

Solution. Since scrap value is negligible, Q = P. Now Q = Rs. 500,000; r = 0.04, n = 30 years.

0.04 . 30 _ 500,000 % 0.04
D q = 500,000 0, L0 1 == 002 236
Hence, the total annual charge ontheinstallationis
= rP+ q = (0.04 x 500,000) + 8,600 = Rs. 28,600

Example 50.2. A power plant having initial cost of Rs. 2.5 lakhs has an estimated salvage
value of Rs. 30,000 at the end of itsuseful life of 20 years. What will be the annual deposit necessary
if it iscalculated by :

(i) straight-line depreciation method. (ii) sinking-fund method with compound interest at 7%.
(Electrical Engineering-111, Poona Univ. )

Solution. Here, Q = P-scrap value = Rs. 250,000 — Rs. 30,000 = Rs. 220,000

=8,600
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r = 007,n=20
(i) Total depreciation of 20 years = Rs. 220,000
0  annua depreciation = Rs. 220,000/20 = Rs. 11,300.

O annual deposit = rP + g = 0.07 x 250,000 + 11,000 = Rs. 28,500
i = r - n_
(i) 4= Q7 +[@+n"-1

Rs. 220,000 [1.0720 - 1] = Rs. 5015.
Annual deposit = 0.07 x 250,000 + 5015 = Rs. 22,515

Example50.3. Aplantinitially costing Rs. 5 lakhs has an estimated salvage value of Rs. 1 lakh
at the end of its useful life of 20 years. What will beits valuation half-way through itslife (a) on the
basis of straight-line depreciation and (b) on the sinking-fund basis at 8% compounded annually?

Solution. (@) In this method, depreciation is directly proportional to time.

Total depreciationin 20 years = Rs. (5-1) =Rs. 4 lakhs

0  depreciationin 10years = Rs. 4/2=Rs. 2 lakhs

O itsvaueafter 10 years (5-2) =Rs. 3lakhs.

(b) Now, Q = 5-1=Rs. 4lakhs;r=0.08n=20

Theannual chargeis q = Q rL+1 +[@+n"-1]
_ 5 . 0.08 20 _ 1
O g =4x10 ><1.08 [1.08™ -1] =Rs. 8095

At the end of 10 years, the amount deposited in the sinking fund would become
- q “Tr [+ )" -1 =8095 xé-gg x(1.08"° ~1) =Rs 126,647

Rs. 500,000 - Rs. 126,647

Rs. 373,353 = Rs. 3.73353 lakhs.

O value at the end of 10 years

50.4. Factors Influencing Costs and Tariffs of Electric Supply
In the succeeding paragraphs we will discuss some of the factors which determine the cost of

Automation of electricity production, transmission and distribution helps in the effective cost management
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generating electric energy and hence the rates or tariffs of charging for this energy. The cost is
composed of (i) standing charges which are independent of the output and (ii) running or
operating charges which are proportional to the output. The size or capacity of the generating
plant and hence the necessary capital investment is determined by the maximum demand imposed on
the generating plant.

50.5. Demand

By ‘demand’ of asystem ismeant itsload requirement (usually in KW or kVA) averaged over a
suitable and specified interval of time of short duration.

It should be noted that since‘ demand’ meansthe |oad averaged over an interval of time, thereis
no such thing as instantaneous demand.

50.6 Average Demand

By average demand of an installation is meant its average power requirement during some
specified period of time of considerable duration such as a day or month or year giving us daily or
monthly or yearly average power respectively.

Obviously, the average power demand of an installation during aspecific period can be obtained
by dividing the energy consumption of the installation in kWh by the number of hoursin the period.

In thisway, we get the arithmetical average.
kWh consumed in the period

A =
verage power hoursin the period

50.7. Maximum Demand

The maximum demand of an installation is defined asthe greatest of all the demandswhich have
occurred during a given period.

It is measured, according to specifications, over a prescribed time interval during a certain
period such as a day, a month or ayear.

It should be clearly understood that it is not the greatest instantaneous demand but the greatest
average power demand occuring during any of therelatively short intervals of 1-minute, 15-minute or
30 minute duration within that period.

In Fig. 50.1 is shown the graph of an imaginary load extending over a period of 5 hours. The
maximum demand on 30 min. interval basis occursduring theinterval AB i.e. from 8-30 p.mto 9-00
p.m. Itsvalue as calculated in Fig. 50.1 is 288 kW. A close inspection of the figure shows that
average load is greater during the 30 min. interval AB than it is during any other 30-min interval
during thisperiod of 5 hours. The averageload over 30-min. interval AB isobtained first by scaling
kW instantaneous demands at five equidistant points between ordinates AC and BD and then by
taking arithmetic average of these values as shown. Hence, 30 min. maximum demand from the
above load graph is 288 kW.

It may be noted that the above method of averaging can be madeto yield more accurate resultsby
(i) considering alarge number of ordinates and (ii) by scaling the ordinates more precisely.

It may also be noted that if the maximum demand were to be based on a15 min. interval, then it
will occur during the 15-min. interval MN and its value will be 342 kW as shown in Fig. 50.1. It is
seen that not only hasthe position of maximum demand changed but itsvalue hasalso changed. The
30-min. maximum demand haslesser value than 15-min. max. demand. In the present case, 1-min.
max. demand will have still greater value and will occur somewhere near point M.

From the above discussion, it should be clear that the unqualified term “maximum demand” is
indefinite and has ho specific meaning. For example, astatement that “ maximum demand is 150 kW”
carriesno specific meaning. To render any statement of maximum demand meaningful, it isnecessary
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(i) to indicate the period of load duration under consideration and (ii) to specify the time interval
usedi.e. 15-min. or 30-min. etc. and also (iii) the method used for averaging the demand during that
interval.

Now, let us see why it is the average maximum demand over adefiniteinterval of timethat is of
interest rather than the instantaneous maximum demand.

Maximum demand determinations are mostly used for estimating the capacity (and hence cost)
of the generator and other electrical apparatus required for serving a certain specific load.
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Fig. 50.1

The one main reason why maximam demand val ues areimportant is because of thedirect bearing
they havein establishing the capacity of the generating equipment or indirectly, theinitial investment
required for serving the consumers. Theamount of thisinvestment will have afurther effect onfixing
of ratesfor electric service. Since all electric machines have ample overload capacity i.e. they are
capable of taking 100% or more overloads for short periods without any permanent adverse effects,
itisnotlogical or economically desirableto base the continuous capacity requirements of generators
on instantaneous maximum loads which will beimposed on them only momentarily or for very short
periods.

Consider the graph of the power load (Fig. 50.2) to beimpressed on acertain generator. Letit be
required to find the rating of a generator capable of supplying thisload. It is seen that there are peak
loads of short durationsat point A, B, C and D of values 250, 330, 230 and 260 kW. However, during
the interval EF a demand of 210 kW persists for more than half an hour. Hence, in this particular
case, the capacity of the generator required, as based on 30-min. maximum demand, should be
210 kw, it being of course, assumed that 4-hour load conditionsgraphed in Fig. 50.2 aretypical of the
conditions which exist during any similar period of generator's operation.

Intheend, it may beremarked that the exact timeinterval for maximum demand determinations,
over which the greatest demand is averaged varies not only with the characteristics of the load but
with the policy of the firm measuring the load. However, 15-min. interval is now most generally
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used, peak load of shorter durations being considered as temporary overloads.
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50.8. Demand Factor

Demand factors are used for estimating the proportion of the total connected load which will
come on the power plant at onetime. It isdefined asthe ratio of actual maximum demand made by
the load to the rating of the connected load.
maximum demand

connected load

The idea of a demand factor was introduced because of the fact that normally the kW or kVA
maximum demand of agroup of electrical devicesor ‘receivers isawayslessthan the sum of the kW
or kVaratingsor capacities of thesereceivers. Therearetwo reasonsfor the existence of thiscondition
(i) the electrical apparatusisusually selected of capacity somewhat greater than that actually required
in order to provide some reserve or overload capacity and (ii) in agroup of electrical devicesit very
rarely happensthat all deviceswill, at the sametime, impose their maximum demandswhich each can
imposei.e. rarely will al ‘receivers be running full-load simultaneously.

The demand factor of an installation can be determined if (i) maximum demand and (ii) con-
nected load are known.

Maximum demand can be determined as discussed in Art. 50.7 whereas connected load can be
calculated by adding together the name-plate ratings of al the electrical devicesin the installation.
The value of demand factor is always|ess than unity.

Demand factors are generally used for determining the capacity and hence cost of the power
equipment required to serve agiven load. And because of their influence on the required investment,
they become important factors in computing rate schedul es.

As an example, suppose aresidence has the following connected load : three 60-W lamps; ten
40-W lamps; four 100-W lamps and five 10-W lamps. Let usassumethat the demand meter indicates
a 30-min. maximum demand of 650 W. The demand factor can be found asfollows:

Demand factor =



Tariffs and Economic Considerations 1951

Connected load (3x60) + (10 x 40) + (4 x 100) + (5 x 10) = 1,030 W
30-min. max.demand 650 W
Hence, the demand factor of thislighting installation is given as

_ max. demand _ 650
~ connected load  1.030

Demand factorsof lighting installations are usually fairly constant because lighting loads are not
subject to such sudden and pronounced variations as like power loads.

= 0.631 or 63.1%

50.9. Diversity of Demand

In central-station parlance, diversity of demand implies that maximum demands of various
consumers belonging to different classes and the various circuit elementsin adistribution system are
not coincident. In other words, the maximum demands of various consumersoccur at different times
during the day and not simultaneously. It will be shown later that from the economic angle, it is
extremely fortunate that there exists adiversity or non-simultaneity of maximum demand of various
consumers which resultsin lower costs of electric energy.

For example, residence lighting load is maximum in the evening whereas manufacturing
establishments require their maximum power during daytime hours. Similarly, certain commercial
establishmentslike department stores usually use more power in day-timethan in the evening whereas
some other stores like drug stores etc. use more power in the evening.

The economic significance of the concept of diversity of demand can only be appreciated if one
considers the increase in the capacity of the generating and distributing plant (and hence the
corresponding increase in investment) that would be necessary, if the maximum demands of all the
consumers occurred simultaneously. It is of great concern to the engineer because he has to take it
into consideration while planning hisgenerating and distributing plant. Also diversity isanimportant
element in fixing the rates of electric service. If it were not for the fact that the coincident maximum
demand imposed on a certain station is much less than the sum of maximum demands of al the
consumers fed by that station, the investment required for providing the electric service would have
beenfar in excess of that required at present. Because of the necessity of increasein investment, that
cost of electric supply would also have been increased accordingly.

50.10. Diversity Factor

The non-coincidence of the maximum demands of various consumersistaken into consideration
in the so-called diversity factor which is defined as the ratio of the sum of the individual maximum
demands of the different elements of aload during aspecified period to the simultaneous (or coincident)
maximum demand of all these elements of load during the same peirod.
maximum demand

connected load

Itsvalueisusually much greater than unity. Itisclear that if all theloadsin agroup imposetheir
maximum demands simultaneously, then diversity factor is equal to unity. High value of diversity
factor meansthat more consumers can be supplied for agiven station maximum demand and so lower
prices can be offered to consumers. Usually domestic load gives higher value of diversity factor than
industrial load. Asshownin Fig. 50.3, suppose that the maximum demands of six elements of aload
as observed from their maximum demand meters M, and M, etc. are 620 W, 504 W, 435 W, 380 W,
160 W and 595 W respectively.

Diversity factor* =

*  Sometimes, the diversity factor is given by certain authors as the reciprocal of the value so obtained.
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Also, suppose that the (coincident) maximum demand of the whole group as observed by the
maximum demand meter MT is only 900 W. It is so because the maximum demands of all load
elements did not occur simultaneously.

Sum of individual maximum demands

= 620 + 504 + 435 + 380 + 160 + 595 = 2694 W = 2.694 kW
O diversity factor = 2.694/0.9 =2.99

It may be noted here that because of the diversity of demand, the maximum demand on atrans-
former islessthan the sum of the maximum demands of the consumers supplied by that transformer.
Further, the maximum demand imposed on afeeder isless than the sum of the maximum demands of
transformers connected to that feeder. Similarly, the maximum demand imposed on the generating
station islessthan the sum of the maximum demands of all the feeders suplied station islessthan the
sum of the maximum demands of all the feeders supplied from the station. The effective demand of
aconsumer on agenerator is given asfollows:

To Sub Station

900
wi| |l
M
Mains T
L J
O
M| mm . ’J || |_‘ I
M M
M, 3 4 M5
620 W 504 W 435 W 380 W 160 W 595 W
Fig. 50.3

Multiply thisconnected load by demand factor and then divide the product by diversity factor for
consumer to generator.

Asanexample, let usfind thetotal diversity factor for aresidencelighting system whose component
diversity factorsare : between consumers 2.6 ; between transformers 1.32 ; between feeders 1.13 and
between sub-stations 1.1. The total diversity factor between the consumers and the generating
equipment would be the product of these component factorsi.e.

= 26x1.32%x113x1.1=4.266

Thefactor may now be used in determining the effective demand of consumers on the generator.

It may be proved that generating equipment can be economized by grouping on one supply
source different elements of load having high diversity factor. In fact, the percentage of the generating
equipment which can be eliminated is equal to 100 percent minus the reciprocal of diversity factor
expressed as a percentage. Suppose four loads of maximum demand 120, 360, 200 and 520 kVA
respectively are to be supplied. If each of these |oads were supplied by a separate transformer, then
aggregate transformer capacity required would be = 120 + 360 + 200 + 520 = 1200 kVVA. Suppose
these loads had a diversity factor of 2.5 among themselves, then (coincident) maximum demand of
the whole group would be 1200/2.5 = 480 kVA.
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In other words, a single 480 kVA transformer can serve the combined load. The saving = 1200
— 480 = 720 kVA which expressed as a percentage is 720 x 100/1200 = 60%. Now, reciprocal of
diversity factor = 1/2.5 = 0.4 or 40 %. The percentage saving in the required apparatusisaso =100
— 40 = 60% which proves the statement made above.

50.11. Load Factor

It is defined as theratio of the average power to the maximum demand.

It isnecessary that in each case the time interval over which the maximum demand is based and
the period* over which the power is averaged must be definitely specified.

If, for example, the maximum demand is based on a 30-min. interval and the power is averged
over amonth, then it isknown as * half-hour monthly’ load factor.

L oad factors are usually expressed as percentages. The average power may be either generated
or consumed depending on whether the load factor isrequired for generating equipment or receiving
equipment.

When applied to a generating station, annual load factor is

No. of unitsactually supplied/year
Max. possible No. of units that can be supplied

It may be noted that maximum in this definition means the value of the maximum peak load and
not the maximum kW installed capacity of the plant equipment of the station.

No. of units actually supplied/year

8 cililellesthizzres Max. possible demand x 8760

No. of unitsactually supplied/month

Monthly load factor Max. possible demand x 24 x 30

When applied to a consuming equi pment

No. of units consumed/year
Max. demand x 8760

annual load factor =

No. of units consumed/month
Max. demand x 24 x 30

monthly load factor

No. of units consumed/day
Max. demand x 24

Daily load factor =

_Average power
In general, load factor = “Max.demang  Pe" Year or per month or per day

The value of maximum demand can be found by using amaximum demand meter set for 30-min.
or 15-min. interval asalready explained in Art. 50.7. The average power can also befound either by
graphic method explained below or by using a planimeter.

In the graphic method, momentary powers are scaled or read from the load-graph at the end of a
number of suitable and equal time intervals over the entire time comprehended by the graph. Then
these are added up. Average power is obtained by dividing this sum by the number of periods into
which the total time was apportioned.

* If not specified, it is assumed to be one year of 24 x 365 = 8,760 hours.
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The number of time intervals into which the entire time is apportioned is determined by the
contour of the graph and the degree of accuracy required.

The general, the accuracy will increase with the increase in the number of theintervals. For a
graph having asmooth contour and comprehending 24 hours, sufficient accuracy can be obtained by
taking 1 hour intervals. However, in the case of agraph which has extremely irregular contours and
comprehends short timeinterval's, reasonabl e accuracy can only be obtained if 15-min. or even 1 min.
intervals are used.

As an example, let us find the load factor of a generating equipment whose load graph
(imaginary one) isshowninFig. 50.4. For calculating average power over aperiod of 24 hours, let us
takein view of theregularity of the curve, atimeinterval of 1 hour asshown. The average power is
97.5 kW. Now, the 30-min. maximum demand is 270 kW and occurs during 30-min. interval of AB.
Obviously load factor = 97.5 x 100/270 = 36.1%.

50.12. Significance of Load Factor

Load factor is, infact, an index to the proportion of the whole time agenerator plant or systemis
being worked toitsfull capacity. The generating equipment hasto be selected on the basis of maximum
power demand that is likely to be imposed on it. However, because of general nature of things, it
seldom happens that a generating equipment has imposed on it during all the 8,760 hrs of ayear the
maximum load which it can handle. But whether the equipment isbeing worked toitsfull capacity or
not, there are certain fixed charges (like interest, depreciation, taxes, insurance, part of staff salaries
etc.) which are adding up continuously. In other words, the equipment is costing money to its owner
whether working or idle. The equipment earns a net profit only during those hours when it isfully
loaded and the moreit isfully loaded, the more isthe profit to the owner. Hence, from the standpoint
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of economics, it is desirable to keep the
equipment loaded for as much time as possible
i.e. itiseconomical to obtain high load factors.

If theload factor ispoor i.e. KWh of electric
energy produced is small, then charge per kWh
would obviously be high. But if load factor is
highi.e. the number of kWh generated islarge,
then cost of production and hence charge per I
kWh are reduced because now the standing 15 30 45 60 75 90 100
charges are distributed over alarger number of Bor @i Leadl Fasior
units of energy.

Thefact that fixed charges per kWhincrease
with decreasing load factor and vice versais brought out in Ex. 50.15 and is graphically shown in
Fig. 50.5.

It may be remarked here that increase of diversity in demand increases the load factor amost in
direct proportion.

L oad factor of a generating plant may be improved by seeking and accepting off-peak loads at
reduced rates and by combining lighting, industrial and inter-urban railway loads.
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Fig. 50.5

Example50.4. A consumer has the following connected load : 10 lamps of 60 W each and two
heaters of 1000 W each. His maximum demand is 1500 W. On the average, he uses 8 lamps for
5 hours a day and each heater for 3 hoursa day. Find histotal load, montly energy consumption and
load factor. (Power Systems-I, AMIE, Sec. B, 1993)

Solution. Total connected load = 10 x 60 + 2 x 1000 = 2600 W.

Daily energy consumptionis = (8 x 60 x 5) + (2 x 1000 x 3) = 8400 Wh = 8.4 kWh

Monthly energy consumption = 8.4 x 30 = 252 kWh

252
1500x 10> x 24 x 30

Example 50.5. The load survey of a small town gives the following categories of expected

loads.

Monthly load factor =0.2330r 233%

Type Loadin kW %D.F. Group D.F.
1 Residential lighting 1000 60 3
2. Commercial lighting 300 75 15
3. Street lighting 50 100 1.0
4. Domestic power 300 50 15
5 Industrial power 1800 55 1.2

What should be the kVA capacity of the §Sassuming a station p.f. of 0.8 lagging ?
Solution. (i) Resdential lighting. Total max. demand = 1000 x 0.6 = 600 kW
Max. demand of the group = 600/3 = 200 kW
(i) Commercial lighting Total max. demand = 300 x 0.75 = 225 kW
Max. demand of thegroup = 225/1.5 = 150 kW

(i) Street lighting Total max. demand = 50 kW
Max. demand of thegroup = 50/1 = 50 kW
(iv) Domestic power Total max. demand = 300 x 0.5 = 150 kW

Max. demand of thegroup = 150/1.5 = 100 kW
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(v) Industrial power Total max. demand 1800 x 0.55 = 990 kW
Max. demand of thegroup = 990/1.2 = 825 kW

Total max. demand at the station = 200 + 150 + 50 + 100 + 825 = 1325 kW.
Capacity of the sub-station required at ap.f. of 0.8 lagging = 1325/ 0.8 = 1656 kVA

Example 50.6. A consumer has the following load-schedule for a day :

Frommidnight (12 p.m.) to6 am. = 200 W; From 6 a.m. to 12 noon = 3000 W

From 12 noonto 1 p.m. 100 W; From 1 p.m. to 4 p.m. = 4000 W

From4 p.m.to 9 p.m. 2000 W; From 9 p.m. to mid-night (12 p.m.) = 1000 W
Find the load factor.

If the tariff is 50 paisa per kW of max. demand plus 35 paisa per kWh, find the daily bill the
consumer has to pay. (Electrical Engineering-l11, Poona Univ.)

Solution. Energy consumed per day i.e. in 24 hours
= (200 x 6) + (3000 x 6) + ( 100 x 1) + (4000 x 3) + (2000 x 5) + (1000 x 3) = 44,300 Wh
Averagepower = 44,300/24 = 1846 W = 1.846 kW
Daily load factor = ma?(\./ zj\?virpgggand = i?)?)g = 0.461 or 46.1%
4 kW M.D. charge=4x 1/2=Rs. 2/-
44.3 kWh  Energy charge = Rs. 44.3 x 35/100 = Rs. 15.5/-
Rs.2+Rs. 155=Rs. 17.5
Example 50.7. A generating station has a connected load of 43,000 kW and a maximum

demand of 20,000 kW, the units generated being 61,500,000 for the year. Calculate the load factor
and demand factor for this case.

Since max. demand
Energy consumed
O daily bill of the consumer

maximum demand

i = = 0,
Solution. Demand factor connected load 0.465 or 46.5%
Averagepower = 61,500,000/8,760 = 7020 W ("~ Lyear = 8760 hr)
0 Load factor = ——crodePOWE 7020 _ 559 o 35106

max. power demand ~ 20,000

Example50.8. 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 1oad factor. (Generation and Utilization, Kerala Univ.)

Solution. The station operates for (365 — 45) = 320 days in a year. Hence, number of MWh
supplied in one year = (100 x 2 x 320) + (50 x 6 x 320) = 160,000 MWh

Max. No. of MWh which can be supplied per year with a max. demand of 100 MW is

= 100 x (320 x 24) = 768,000 MWh

160,000
760,000

Example 50.9. Differentiate between fixed and running charges in the operation of a power
company.

Calculate the cost per kWh delivered from the generating station whose

(i) capital cost = Rs. 10°, (i) annual cost of fudl = Rs. 10°,

(iif) wages and taxes= Rs. 5 x 10°, (iv) maximum demand laod = 10,000 kW,

(v) rateof interest and depreciation = 10% (vi) annual load factor = 50%.

Total number of hoursin a year is 8,760. (Electrical Technology-I, Bombay Univ.)

a load factor = x 100 = 20.8%
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Solution. Average power demand = max. load x load factor = 10,000 x 0.5 = 5,000 kW

Units supplied/year = 5,000 x 8,760 = 438 x 10° kWh

Annual cost of the fuel pluswages and taxes = Rs. 6 x 10°

Interest and depreciation charges/year = 10% of Rs. 106 = Rs. 10°

Total annual charges = Rs. 7 x 10° ; Cost / kWh = Rs. 7 x 10°/438 x 10° = 1.6 paisa
Example 50.10. A new colony of 200 houses is being established, with each house having an

average connected load of 20 kW. The business centre of the colony will have a total connected load
of 200 kW. Find the peak demand of the city sub-station given the following data.

Demand factor Group D.F. Peak D.F.
Residential load 50% 3.2 15
Business load 60% 14 1.2
Solution. The three demand factors are defined as under :
_  max.demand
Demand factor = connected |oad
DE = 3um of individual max. demands
GrOUPB-F = “xtual max. demand of the group
DE = max. demand of consumer group

demand of consumer group at the time of system peak demand
Max. demand of eachhouse = 2x0.5=1.0kW
Max. demand of residential consumer = 1 x 200/3.2 = 62.5 kW

Demand of the residential consumer at the time of the system peak = 62.5/ 1.5 = 41.7 kW
Max. demand of commercial consumer = 200 x 0.6 = 120 kW

Max. demand of commercia group = 120/1.4 = 85.7 kW

Commercial demand at the time of system peak = 85.7/ 1.2 = 71.4 kW

Total demand of the residential and commercial consumers at the time of system peak
= 41.7+714=113kW

Example50.11. InFig. 50.6 isshown the distribution network frommain sub-station. Thereare
four feeders connected to each load centre sub-station. The connected |oads of different feeders and
their maximum demands are as follows :

Feeder No. Connected load, KW Maximum Demand, kW
1. 150 125
2. 150 125
3. 500 350
4, 750 600

If the actual demand on each load centreis 1000 kW, what isthe diversity factor on the feeders?
If load centres B, C and D are similar to A and the diversity factor between different load centresis
1.1, calculate the maximum demand of the main sub-station. What would be the kVA capacity of the
transformer required at the main sub-station if the overall p.f. at the main sub-station is 0.8 ?

Solution. Diversity factor of the feeders

_ total of max.demand of different feeders _ 125 +125 + 350 + 600 _ 12
B simultaneous max. demand 1000 ’
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Total max. demand of al the 4 load centre sub-stations = 4 x 1000 = 4000 kW

Diversity factor of load centres=1.1

Simultaneous max. demand on the main sub-station = 4000/1.1 = 3636 kW

The kVA capacity of the transformer to be used at the sub-station = 3636/0.8 = 4545

Example 50.12. If a generating station had a maximum load for the year of 18,000 kW and a

load factor of 30.5% and the maximum loads on the sub-stations were 7,500, 5,000, 3,400, 4,600
and 2,800 kW, calculate the units generated for the year and the diversity factor.

_ average power average power
— 0 o. AT
Solution. Load factor = i power demand 0.305 18,000
O averagepower = 18,000 x 0.305 kW
kWh generated per year = 8,000 x 0.305 x 8.760 = 48.09 x 106 kWh

Sum of individual maximum demands = 7,500 + 5,000 + 3,400 + 4,600 + 2,800 = 23,300
0 diversity factor=23,300/18,000 = 1.3 (approx.)

Example50.13. A power station issupplying four regions of load whose peak |oads are 10MW,
5 MW, 8 MW and 7 MW. 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 the annual energy supplied
from the station. Suggest the installed capacity and the number of units taking all aspects into
account. (A.M.l.E. Sec. B, Winter 1990)

sum of individual max. demands
max. demands of the whole load

/\/\/\/\J\/\/\/\/\ Main
W/\T/\/\/\/\ Sub-Station

o y /\/\/\/\l/\f/\/\ /\/\/\/\J\/\la\/\/\
MWV
NVVWWVWWA NVWWWWV NVWWWWV
Load-Centre
1 |12 |3 |4

Sub-Stations
Feeders

Solution.  Diversity factor =

Fig. 50.6
O Max. demand of the whole load imposed on the station = (10 + 5+ 8 + 7)/1.5=20 MW
No. of unitssupplied/year
Max. demand x 8760
[0 No. of units supplied/ year = 0.6 x 20 x 10° x 8760 = 105.12 x 10° kWh

Provisionfor future growthin load may be made by making installed capacity 50% morethan the
maximum demand of thewholeload. Hence, installed capacity is20 x 1.5=30 MW. Four generators,
two of 10 MW each and other two of 5 MW each may be installed.

Now, annual load factor
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Example 50.14. The capital cost of 30 MW generating station is Rs. 15 x 10°. The annual
expensesincurred on account of fuel, taxes, salaries and maintenance amount to Rs. 1.25 x 10°. The
station operates at an annual load factor of 35%. Determine the generating cost per unit delivered,
assuming rate of interest 5% and rate of depreciation 6%. (Electrical Power-1, Bombay Univ.)

Solution. Averagepower = max. power x load factor = 30 x 10° x 0.35 = 10,500 kW

Units produced/year = 10,500 x 8,760 = 91.98 x 10° kWh; Annual expenses = Rs. 1.25 x 10°

Depreciation plusinterest = 11% of capital cost = 11% of Rs. 15 x 10° = Rs. 1.65 x 10°
Total expenseslyear = Rs. 1.25 x 10° + Rs. 1.65 x 10° = Rs, 2.9 x 10°

0 cost/kWh = Rs. 2.9 x 10% 91.98 x 10° = 3.15 paisa / kWh.

Example50.15. A generating plant has a maximum capacity of 100 kW and costs Rs.300,000.
The fixed charges are 12% consisting of 5% interest, 5% depreciation and 2% taxes etc. Find the
fixed charges per kWh generated if load factor is (i) 1700% and (ii) 25%.

Solution. Annual fixed charges = Rs. 300,000 x 12/100 = Rs. 36,000

With aload factor of 100%, number of kWh generated per year = 100 x 1 x 8,760

= 876,000 kWh.

Similarly, units generated with aload factor of 25% = 100 x 0.25 x 8,760 = 219,000 kWh.

(i) Fixed charge/ kWh = 36,000 x 100/876,000 = 4.1 paisa

(i) Fixed charge/ kWh = 36,000 x 100/219,000 = 16.4 paisa

As seen, the charge has increased four-fold. In fact, charge variesinversely asthe load factor.

Example 50.16. The annual working cost of a thermal station is represented by the formula
Rs. (a + b kW + ¢ kWh) where a, b and ¢ are constants for that particular station, kW is the total
installed capacity and kWh is the energy produced per annum.

Determine the values of a, b and ¢ for a 100 MW station having annual |oad factor of 55% and
for which (i) capital cost of buildings and equipment isRs. 90 million, (ii) theannual cost of fuel, oil,
taxation and wages and salaries of operating staff is Rs. 1,20,000, (iii) interest and depreciation on
buildings and equipment are 10% p.a., (iv) annual cost of orginasation, interest on cost of site etc.
is Rs. 80,000.

Solution. Inthe given formula, a represents the fixed cost, b semi-fixed cost and ¢ the running
cost. Here, a = Rs. 80,000
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An overview of a thermal power plant
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Now, b x kW minimum demand = semi-fixed cost
o, bx 100 x 10° = 90x 10° O b=900
Total units generated per annum = kW max. demand x load factor x 8760
= 100 x 10° x 0.55 x 8760 = 438 x 10° kWh
Since running cost is Rs. 1,20,000
0 cx438x10° = 1,20,000 or ¢ = 0.00027
Example50.17. In a steam generating station, the relation between the water evaporated W kg
and coal consumed C kg and power in KW generated per 8-hour shift is as follows :
W = 28,000 + 5.4 kWh; C = 6000 + 0.9 kWh
What would be the limiting value of the water evaporated per kg of coal consumed asthe station

output increases ? Also, calculate the amount of coal required per hour to keep the station running
at no-load.

Solution. For an 8-hour shift, Wt. of water evaporated per kg of coal consumed is
w 28,000 + 5.4 kWh
‘C T 6,000+0.9kwWh
Asthe station output increases, the ratio W/C approachesthevalue5.4/0.9=6
Hence, weight of water evaporated per kg of coal approaches a limiting value of 6 kg as the
station output increases.
Since at no-load, there is no generation of output power, kWh = 0. Substituting this value of
kWh in the aboveratio we get,
Coa consumption per 8-hour shift = 6000 kg

0 coa consumption per hour on no-load = % =725kg.

Example50.18. Estimatethe generating cost per kWh delivered from a generating station from
the following data :

Plant capacity = 50 MW ; annual load factor = 40%; capital cost = Rs. 3.60 crores; annual cost
of wages, taxation etc. = Rs. 4 lakhs; cost of fuel, lubrication, maintenance etc. = 2.0 paise per kWh
generated, interest 5% per annum, depreciation 5% per annum of initial value.

(Electrical Technology, M.S. Univ. Baroda)

Solution. Average power over ayear = maximum power x load factor
= 50x 10°x 0.4=2x 10" W = 2 x 10" kW
Unitsproduced/year = 20,000 x 8,760 = 1,752 x 10° kWh
Depreciation plusinterest = 10% of initial investment = 0.1 x 3.6 x 10
= Rs 36x 10°
Annual wages and taxation etc. = Rs. 4 lakhs= Rs. 0.4 x 10°
Total cost/year = Rs. (3.6 +0.4) x 10° = Rs. 4 x 10°
Cost/kWh = 4 x 10° x 100/1,752 x 10° = 2.28 paisa
Adding the cost of fuel, [ubrication and maintenance etc., we get
Cost per kWh delivered = 2.0 + 2.28 = 4.28 paisa.

Example 50.19. The following data relate to a 1000 kW thermal station :

Cost of Plant = Rs. 1,200 per kW
Interest, insurance and taxes = 5% p.a.
Depreciation = 5% p.a.
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Cost of primary distribution system = Rs. 4,00,000
Interest, insurance, taxes and depreciaton 5% p.a.
Cost of coal including transportation = Rs. 40 per tonne

Operating cost = Rs. 4,00,000 p.a.
Plant maintenance cost : fixed = Rs. 20,000 p.a.

variable = Rs. 30,000 p.a.
Installed plant capacity = 10,000 kW
Maximum demand = 9,000 kW
Annual load factor = 60%

Consumption of coal = 25,300 tonne
Find the cost of power generation per kilowatt per year, the cost per kilowatt-hour generated
and the total cost of generation per kilowatt-hour. Transmission/primary distribution is chargeable
to generation. (Power Systems-|, AMIE, Sec. B, 1993)
Solution.  Cost of theplant = Rs. 1200 per kW
Fixed cost per annum is as under :
(i) onaccount of capital cost = (1200 x 10,000) x 0.1 + 400 x 103 x 0.05
Rs. 1.22 x 10°
(i) part of maintenancecost = Rs. 20,000 = Rs. 0.02 x 10°
0 total fixed cost 1.22 x 10° + 0.02 x 10° = Rs. 1.24 x 10°

Running or variable cost per annum is as under : (i) operation cost = Rs. 4,00,000, (ii) part of
maintenance cost = Rs. 30,000,

(i) fuel cost = Rs. 25,300 x 40 = Rs. 10,12,000

Total cost = 4,00,000 + 30,000 + 10,12,000 = Rs, 1.442 x 10°
_ average demand _ average demand
Load factor = o m demand © %6~ 5,000 8,760
O averagedemand = 47,305 MWh

Total cost per annum = 1.24 x 10° + 1.442 x 10° = Rs. 2.682 x 10°
Cost per kWh generated = 2.682 x 10° / 47,305 x 10° = Rs, 0.0567 = 5.7 paisa.
Since total installed capacity is 10,000 kW, the cost per kW per year
= 2.682 x 10°/ 10,000 = Rs. 268.2
Example50.20. A consumer hasan annual consumption of 176,400 kwWh. The chargeisRs. 120
per KW of maximum demand plus 4 paisa per kWh.
(i) Find the annual bill and the overall cost per kWh if the load factor is 36%.
(if) What isthe overall cost per kWh, if the consumption were reduced 25% with the same load

factor ?
(iif) Whnat isthe overall cost per KWh, if the load factor is 27% with the same consumption as
in(i) (Utili. of Elect. Power, AMIE Sec. B)

Solution. (i) Since load factor is 0.36 and there are 8760 hrsin ayear,
Annual max. demand = 176,400/0.36 x 8760 = 55.94 kW

The annual bill will be based on maximum annual demand charges plus the annual energy
consumption charge.

O annual hill
Overall cost/kWh

Rs. (55.94 x 120 + 176,400 x 0.04) = Rs. 13,768
Rs. 13,768 / 176,400 = 7.8 paisa.
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(if) Inthis case, the annual consumption is reduced to 176,400 x 0.75 = 132,300 kWh but the
load factor remains the same.

Annual max. demand

132,300/0.36 x 8760 = 41.95 kW
0O annua bill Rs. (41.95 x 120 + 132,300 x 0.04) = Rs. 10,326
Overall cost/kWh 10,326/132,300 = 7.8 paisa

It will be seen that the annual max. demand charge is reduced but the overall cost per kWh
remainsthe same.

(i)  Since, load factor has decreased to 0.27,
Annual max. demand = 176,400/0.27 x 8760 = 74.58 kW
Annual bill Rs. (74.58 x 120 + 176,400 x 0.04) = Rs. 16,006
Overal cost/kWh = Rs. 16,006/176,400 = 9.1 paisa

Here, it will be seen that due to decrease in load factor, the annual bill aswell as cost per kWh
have increased.

50.13. Plant Factor or Capacity Factor

Thisfactor relates specifically to agenerating plant unlike load factor which may relate either to
generating or receiving equipment for the whole station.

It is defined as the ratio of the average load to the rated capacity of the power plant i.e. the
aggregate rating of the generators. It is preferable to use continuous rating while calculating the

aggregate.

average load _ average demand on station
rated capacity of plant max. installed capacity of the station

O plant factor =

It may be of interest to note that if the maximum load corresponds exactly to the plant ratings,
then load factor and plant factor will beidentical.

50.14. Utilization Factor (or Plant Use Factor)

It is given by the ratio of the kWh generated to the product of the capcity of the plant and the
number of hoursthe plant has been actually used.
station output in KWh
plant capacity x hours of use
If there are three unitsin aplant of ratings kW,, kW, and kW, and their operation hours are h,,
h, and h, respectively, then

Utilization factor =

station output in kWH

(KW, x by) + (KW, x h,) +(kWj xh;)
50.15. Connected Load Factor

The factor relates only to the receiving equipment and is defined as the ratio of the average
power input to the connected load.

To render the above value specific, it is essential*

(i) to definethe period during which averageistaken and

(if) to state the basis on which the connected load is computed.

Utilization factor =

*  Wherever feasible, it should be stated on continuous-rating basis. Lighting connected load is taken equal
to the sum of the wattages of all lampsin the installation whereas motor connected load is equal to the sum
of the name-plate outputs of all motors (and not their input ratings).
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average power input
connected load

It can be proved that the connected-load factor of areceiving equipment is equal to the product
of its demand factor and its load factor.

Connected-load factor =

average power input
connected |oad

Connected-load factor

_ Average power  max demand
~ Max.demand  connected load

= load factor x demand factor

50.16. Load Curves of a Generating Station

Thetotal power requirement of agenerating station can be estimated provided variation of load
with time isknown. Following curves help to acquire this knowledge.

(i) Load Curve (or Chronological Curve)

It represents the load in its proper time sequence. As shown in Fig. 50.7 (), this curve is
obtained by plotting the station load (in kW) along Y -axis and the time when it occurs along X-axis.
Usually, such curves are plotted for one day i.e. for 24 hours by taking average load (kW) on hourly
basis. Theareaunder the curve representsthetotal energy consumed by the load in one day. Follow-
ing information can be obtained from the load curve :

(a) maximum load imposed on the station, (b) size of the generating unit required and (c) daily
operating schedule of the station.
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25 25
£ 20 g 20
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T 15 E 15
—
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T 10 T i 1
5 5KW s : 5 kW
| | 2 kW : : 2 kW
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—p Time in Hours
—» Time
(@) (b)
Fig. 50.7

(if) Load Duration Curve

It represents the same data (i.e. load vs time) but the ordinates are rearranged in magnitude
sequence (not time sequence). Here, greatest load is plotted on the left, lesser load towards the right
and the least load on the extremeright. In other words, loads are plotted in descending order. As seen
from Fig. 50.7 (a) maximum load on the station is 30 kW which lasts for 5 hours from 6 p.m. to 11
p.m. Itisplotted first in Fig. 50.7 (b). The next lower load is 10 kW from 6 am. to 12 nooni.e. for 6
hours. It hasbeen plotted next to the highest load. The other lesser loads are plotted afterwards. The

areas under the load curve and load duration curve are equal and each represents the total units
consumed during aday of 24 hours.
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(iii) Load Energy Curve (or Integrated Load Duration Curve)

It represents the relation between a particular
load on the station and the total number of kWhs
produced at or below this load. The load in kW
is taken along the ordinate (Y-axis) and kWh
generated upto this load along the abscissa
(X-axis) as shown in Fig. 50.8. This curve is
derived fromtheload duration curve. For example,
for aload of 2 kW, the number of units generated
is2 x 24 = 48 KWh. It corresponds to point A on
the curve. For aload of 5 kW, the units generated
are=5x17+2x7=99 kWh. It corresponds to
point B. For aload of 10 kW, the units generated
ae=10x11+5x6+2x7=154kWh (point C).
Finally, for aload of 30 kW, the number of units
generatedis=30x5+10x6+5%x6+2x7=254
kWh (point D.)

30 D
25
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Fig. 50.8

Example 50.21. A power station has a load cycle as under :
60 MW for 6 hr; 200 MW for 8 hr ; 160 MW for 4 hr ; 100 MW for 6 hr
If the power station is equipped with 4 sets of 75 MW each, calculate the load factor and the

capacity factor fromthe above data. Calculate the daily fuel requirement if the calorific value of the
oil used were 10,000 kcal/kg and the average heat rate of the station were 2,860 kcal/kWh.

Solution.  Daily load factor =

(Electric Power Systems-11, Gujarat Univ.)

units actually supplied in a day

Now, MWh supplied per day

4,440
260 % 24

0 station daily load factor

max. demand x 24
(260 x 6) + (200 x 8) + (160 x 4) + (100 x 6) = 4,400

= 0.704 or 70.4%

average demand on station

Capacity factor

No. of MWh supplied/day 4,400 O

~ instaled capacity of the station

average power/day = 4,400/24 MW

Total installed capacity of the station = 75 x 4 = 300 MW

4,400/24

0 capacity factor ~ 300

Energy supplied/day
Heat required/day
Amount of fuel required/day

= 0.611 or 61.1%

4,400 MWh = 44 x 10° KWh
44 % 10° x 2,860 kcal
44 x 2,860 x 10° / 10° kg = 125 tonne.

Example 50.22. A generating station has two 50 MW units each running for 8,500 hoursin a
year and one 30 MW unit running for 1,250 hoursin one year. The station output is 650 x 10° kwWh
per year. Calculate (i) station load factor, (ii) the utilization factor.

Solution. (i) kW, xh, =
(i) kW, xh, =
(iii) kW, xhy =
O Z (kW)xh =

Total installed capacity of the station = 2 x 50

50 x 10° x 8,500 = 425 x 10° kWh
50 x 10° x 8,500 = 425 x 10° kWh
30 x 10° x 1,250 = 37.5 x 10° kWh
(2 x 425 + 37.5) x 10° = 887.5 x 10°kWh

+30=130x 10° kKW

(i) Assuming that maximum demand equalsinstalled capacity of the station,
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units generated/year _ 650 x10°
max. demand x 8,760 130 x10° x 8760

annual load factor = = 0.636 or 63.6%

Note. Inview of the above assumption, this also represents the plant or capacity factor.
station output inkWh _ 650 x10°
Z(kw) x h 887.5x10°
Example 50.23. The yearly duration curve of a certain plant may be considered as a straight
line from 40,000 kW to 8,000 kW. To meet thisload, three turbo-generators, two rated at 20,000 KW
each and one at 10,000 kW are installed. Determine (a) the installed capacity, (b) plant factor,
(c) maximum demand, (d) load factor and (e) utilization factor. (Ranchi Univ.)
Solution. (a) installed capacity
=20+20+10=50MW
(b) Average demand on plant = (40,000 + 8,000)/2
= 24,000 kW
plant factor = av. demand / installed capacity
= 24,000/50,000 = 0.48% or 48%
(c) Max. demand, obvioudly, is 40,000 kW
(d) From load duration curve, total energy generated/
year
= 24,000 x 8760 kWh = 21 x 10" kWh.
0 L oad factor = 21 x 10" / 40,000 x 8,760 = 0.6 or 60%

Time in Hours e
max. demand 100 = 40,000
plant capacity " 50,000

(i) utilization factor = =0.732 or 73.2%

40,000 —

Load in kW

8,000

(&) uf.=

Fig. 50.9 *100= 80%

Example 50.24. The load duration curve of a systemis as shown in Fig. 50.10. The systemis
supplied by three stations; a steam station, a run-of-river station and a reservoir hydro-electric
station. The ratios of number of units supplied by the three stations are as below :

Seam : Run of river : Reservoir
7 : 4 : 1
The run-of-river station is capable of generating power continuosuly and works as a peak load
station. Estimate the maximum demand on each station and also the load factor of each station.
(Ranchi Univ.)
Solution. Here 100% time will be taken as 8760 hours.
Total units generated = areaunder the curve

= %(160 + 80) x 10° x 8760 = 1051.2 x 10° kWh
From the given ratio, the number of units supplied by each station can be calculated
Units Generated
Run-of -river-station
Steam station
Reservoir HE station
Max. demand of ROR station

1051.2 x 10° x 4/12 = 350.4 x 10° kWh
1051.2 x 10° x 7/12 = 613.2 x 10° kWh
1051.2 x 10° x 1/12 = 87.6 x 10° kWh
350.4 x 10°/ 8760 = 40 MW
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Reservoir
HE Station

160 MW

80 MW

Station

Load

Run of River
Station

Time ———» LU

Fig. 50.10

Let x MW be the maximum demand of thereservoir plant. Asshown in Fig. 50.10. let it operate
fory hours.

; - X
Obviously, Yy = gg*% 8760
Areaunder the curve for reservoir station = % xy x10° kWh
= %xxg—)é x 8760 x10° =54,750 X2
O 54,750x° = 87.6x 10°; x = 40 MW
0 max. demand of steam station= 160 — (40 + 40) = 80 MW.
Load factor

Since ROR station works continuously as a base load station, itsload factor is 100%.
Reservoir station 87.6 x 10°/ 40 x 10° x 8760 = 0.25 or 25%
Steam station 613.2 x 10°/ 80 x 10° x 8760 = 0.875 or 87.5%.

Example47.25. Aload having a maximum value of 150 MW can be supplied by either a hydro-

electric plant or a steam power plant. The costs are as follows :

Capital cost of steam plant Rs. 700 per kWinstalled

Capital cost of hydro-electric plant Rs. 1,600 per kWinstalled

Operating cost of steam plant Rs. 0.03 per kwh

Operating cost of hydro-electric plant = Rs. 0.006 per kwWh

Interest on capital cost 8 per cent. Calculate the minimum load factor above which the hydro-
electric plant will be more economical.

Solution. Let x be the total number of units generated per annum.
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Steam Plant
Capital cost = Rs. 700 x 150 x 10° = Rs. 10.5 x 10’
Interest charges = 8% of Rs. 10.5 x 10’ = Rs. 8.4 x 10°
O fixed cost/unit = Rs. 8.4 x 10°/ x; operating cost / unit = Re. 0.03
0 total cost/unitgenerated = Rs. (8.4 x 10"/ x + 0.03)
Hydro Plant
Capital cost = Rs. 1600 x 150 x 10° = Rs, 24 x 10’
Interest charges = 8%of Rs. 24 x 10’ =Rs. 19.2 x 10°

Total cost/unit Rs. (19.2 x 10° / x + 0.006)
Thetwo overall costswill be equal when
(84 x 10°/x) +0.03 = (19.2 x 10°/x) + 0.006 ; x = 45 x 10’ kWh

Obviously, if units generated are more than 45 x 10’ kWh, hydro-electric station will be cheaper.

Load factor = 45 x 10/150 x 10° x 8760 = 0.342 or 34.2%

This represents the minimum load factor beyond which hydro-electric station would be
economical.

Example50.26. A power system having maximum demand of 100 MW hasaload 30% and isto
be supplied by either of the following schemes :

(a) asteam station in conjunction with a hydro-electric station, the latter supplying 100 x 10°
units per annum with a max. output of 40 MW,

(b) a steam station capable of supply the whole load,
(c) ahydro station capable of supplying the whole load,
Compare the overall cost per unit generated assuming the following data :

Seam Hydro

Capital cost / KW Rs. 1,250 Rs. 2,500

Interest and depreciation on the capital cost 12% 10%

Operating cost/kWh 5 paise 1.5 paise

Transmission cost/kWh Negligible 0.2 paise
Show how overall cost would be affected in case (ii) and (iii) above if the system load factor
wereimproved to 90 per cent. (Elect. Power System-111, Gujarat Univ.)

Solution. Averagepower = 100 x 0.3 =30 MW = 3 x 10" kW

Unitsgeneratedinoneyear = 3x 10% x 8,760 = 262.8 x 10° kWh

(@) Steam Station in Conjunction with Hydro Station

Units supplied by hydro-station = 100 x 10° kWh

Units supplied by steam station = (262.8 - 100) x 10° = 162.8 x 10° kWh

Since, maximum output of hydro-station is40 MW, the balance (100 — 40) = 60 MW is supplied

by the steam station.

(i) Steam Station
Capital cost = Rs. 60 x 10° x 1,250 = Rs. 75 x 10°
Annual interest and depreciation - Rs. 0.12 x 75 x 10° = Rs. 9 x 10°
Operating cost Rs. 0.5 x 162.8 x 10%100 = Rs. 8.14 x 10°
Transmission cost negligible
Total annual cost Rs. (9 +8.14) x 10° = Rs. 17.14 x 10°
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(if) Hydro Station
Capital cost = Rs. 40 x 10° x 2,500 = Rs. 100 x 10°
Annual interest and depreciation = Rs. 0.1 x 100 x 10° = Rs, 10 x 10°
Operating cost Rs. 0.15 x 100 x 104100 = Rs. 1.5 x 10°
Transmission cost Rs. .02 x 100 x 10°/ 100 = Rs. 0.2 x 10°
Total annual cost Rs. (10 + 1.5+ 1.2) x 10° = Rs. 11.7 x 10°
Combined annual charge for steam and hydro stations

Rs. (17.14 + 11.7) x 10° = Rs. 28.84 x 10°

< 2884 10°
262.8x10°

O Overall cost’/kWh

= 10.97 paise

(b) Steam Station Alone
Capital cost

Annual interest and depreciation

O fixed charge/ unit
Operating cost/unit

0 overal cost per unit

(c) Hydro Station Alone

Annual interest and depreciation on capital cost

Rs. 0.1 (2,500 x 100 x 10% = Rs, 25 x 10°

Rs. 25 x 10° / 262.8 x 10° = 9.51 paise

1.5 paisa; Transmission cost/unit = 0.2 paise

(9.51+1.5+0.2) = 11.21 paise

Rs. 1,250 x 100 x 10° = Rs. 125 x 10°
Rs. 0.12 x 125 x 10° = Rs. 15 x 10°
Rs. 15 x 10%/262.8 x 10° = 5.71 paise
5 paisa; Transmission cost / unit = 0
(5.71 + 5) = 10.71 paise

O fixed charge/ unit
Operating cost/unit

O overal cost/unit
(d) (i) Steam Station
Since number of units generated will increase three-fold, fixed charge per unit will decreaseto

one-third of itspreviousvaluei.e. t05.71/3= 1.9 paisa. Since other charges are unaffected by change
in load factor.

0 Overall cost/unit = (1L9+5)=6.9pase

(if) Hydro Station

For samereasons, fixed cost per unit becomes9.51/3 = 3.17 paise Overall cost/unit=(3.17+ 1.5
+0.2) = 4.87 paise

An overview of a hydroelectric plant
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Example 50.27. The capital cost of a hydro-power station of 50,000 kW capacity is
Rs. 1,200 per kW. Theannual charge on investment including depreciation etc. is 10%. A royality of
Rs. 1 per KW per year and Rs. 0.01 per kWh generated is to be paid for using the river water for
generation of power. The maximum demand is 40,000 kW and the yearly load factor is 80%. Sala-
ries, maintenance charges and supplies etc. total Rs. 6,50,000. If 20% of this expenseis also charge-
able asfixed charges, determine the generation cost in the form of A per kW plus B per kWh.

(AM.I.E. Sec. B))
Solution. Capital cost of station = Rs. 1200 x 50,000 = Rs. 6 x 10’
Annual charge on investment including depreciaiton

=10% of Rs. 6 x 10’ = Rs. 6 x 10°

Total running charges =80% of Rs. 6,50,000 = Rs. 5,20,000

Fixed charges = 20% of Rs. 6,50,000 = Rs. 1,30,000

Total annual fixed charges = Rs. 6x 10° + Rs. 0.13 x 10° = Rs. 6.13 x 10°
Cost per M.D. kW due to fixed charges = Rs. 6.13 x 10°/ 40,000 = Rs. 153.25

Cost per M.D. kW dueto royalty =Rs. 1

Total cost per M.D. kW = Rs. 154.25

Total No. of units generated per annum = 40,000 x 0.8 x 8760 = 28 x 10’ kwh
Cost per unit dueto running charges = Rs. 5,20,000/ 28 x 10’ =0.18 p

Royalty cost/unit =1p
O total cost/unit =1.18p
O generation cost = Rs. 154.25 kWh + 1.18 p kWh

= Rs. (154.25 KW + 1.18 x 102 kWh)

Example 50.28. The capital costs of steam and water power stations are Rs. 1,200 and
Rs. 2,100 per kW of the installed capacity. The corresponding running costs are 5 paise and 3.2
paise per kKWh respectively.

The reserve capacity in the case of the steam station is to be 25% and that for the water power
station is to be 33.33% of the installed capacity.

At what load factor would the overall cost per kWh be the samein both cases ? Assume interest
and depreciation charges on the capital to be 9% for the thermal and 7.5% for the hydro-electric
station. What would be the cost of generating 500 million kWh at this load factor ?

Solution. Let x be the maximum demand in kWh and y the load factor.

Total No. of units produced = xy x 8760 kWh

Steam Station

installed capacity = 1.25x (including reserve capacity)
capital cost = Rs. 1200 x 1.25 x = Rs. 1500 x
annual interest and depreciation = 9% of Rs. 1500 x = Rs. 135 x
annual running cost = Rs. 8760 xy % 5/100 = Rs. 438 xy
Total annual cost = Rs. (135X + 438 xy)

O total cost/ unit = Rs. (135x + 438 xy / 8760 xy
Hydro-electric Station

installed capacity = 1.33 x (including reserve capacity)
capital cost = Rs. 1.33 x x 2100 = Rs. 2800 x

annual interest and depreciation = 7.5% of Rs. 2800 x = Rs. 210 x
annual running cost = Rs. 8760xy x 3.2/100 = Rs. 280 xy
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O total annual cost = Rs. (210x + 280 xy)

O total cost/unit = Rs. (210x + 280 xy)/8760 xy

For the two costs to be the same, we have

135x+438xy _ 210x+ 280 xy

8760 xy - 8760 xy '

Cost of 500 x 10° Units

Now, maximum demand

0 X

O generating cost

y =0475or 47.5%

500 x 10° / 8760 x 0.475 = 12 x 10" kW
12 x 10* y = 0.475
Rs. (136 x 12 x 10" + 438 x 12 x 10* x 0.475) = 41,166,000

Example 50.29. In a particular area, both steam and hydro-stations are equally possible. It
has been estimated that capital cost and the running costs of these two types will be as follows:

Capital cost/kwW Running cost/kwWh Interest
Hydro : Rs. 2,200 1 Paise 5%
Seam: Rs. 1,200 5 Paise 5%

If expected average load factor is only 10%, which is economical to operate : steam or hydro?
If the load factor is 50%, would there be any change in the choice ? If so, indicate with cal culation.

(Electric Power-I1 Punjab Univ. 1991)

Solution. Let x be the capacity of power station in KW.
Case|l. Load factor = 10%

Total units generated/annum
(a) Hydro Station

x x 0.1 x 8760 = 876 x kwWh

capital cost = Rs. 2200 x

annual fixed charges = 5% of Rs. 2200 x = Rs. 110 x

annual runningcharges = Rs. 876x x 1/100 = Rs. 8.76 X

total annual charges = Rs. (110 + 8.76)x

total cost/unit = Rs. (110 +8.76) x / 876 x = 135p
(b) Steam Station

capital cost = Rs. 1200 x

annual fixed charges = 5% of Rs. 1200 x = Rs. 60 x

annual runningcharges = Rs. 876 x x 5/100 = Rs. 43.8 x

total annual charges = Rs. (60 + 43.8)x

overal cost/unit = Rs. 103.8x/8.76 x = 11.85p

Obviously, steam station is more economical to operate.
Casell. Load factor = 50%

Total units generated/annum = x x 8760 x 0.5 = 4380 x
(a) Hydro Station

If we proceed as above, wefind that total cost/unit =3.5p
(b) Steam Station

total cost/unit =6.35p
Obvioudly, in this case, hydro-station is more economical.
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Example 50.30. The annual working cost of a thermal station can be represented by a formula
Rs. (a + b kw + ¢ kWh) where a, b and ¢ are constants for a particular station, kW is the total
installed capactiy and kWh the energy produced per annum. Explain the significance of the
constants a, b and ¢ and the factors on which their values depend.
Determine the values of a, b and c for a 60 MW station oper ating with annual |oad factor of 40%
for which :
(i) capital cost of buildings and equipment is Rs. 5 x 10°
(if) theannual cost of fuel, oil, taxation and wages and salaries of operating staff is Rs.90,000
(iii) theinterest and depreciation on buildings and equipment are 10% per annum
(iv) annual cost of organisation and interest on cost of site etc. is Rs. 50,000.

Solution. Here, arepresentsfixed
charge due to the annual cost of the
organisation, interest on the capital in-
vestment on land or site etc.

The constant b represents semi-
fixed cost. The constant b is such that
when multiplied by the maximum kW
demand on the station, it equals the
annual interest and depreciation on the
capital cost of the buildings equipment
and the salary of the charge engineer.

Constant ¢ repesents running cost
and its value is such that when multi-
plied by the annual total kWh output
of the station, it equalsthe annual cost

O_f thefuel, oil, taxgti on, W‘c‘gesa’ld sdar An overview of a thermal power plant near Tokyo, Japan
ries of the operating staff.

(i) Here, a = 50,000

(i) b x max. kW demand = annual interest on the capital cost of the buildings and

equipmentetc, = 0.1 x5 x 10°
0 bx60x 10° = 0.5x10°or b=0.834
(i) annual average power = 0.5x 60 x 10° = 30 x 10° kW

Units produced annually = 30 x 10% x 8,760 = 262.8 x 10° kWh
O cx262.8x10° = 90,000; c¢=0.0034

50.17. Tariffs

The size and cost of installations in agenerating station is determined by the maximum demand
made by the different consumers on the station. Each consumer expects his maximum demand to be
met at any time of the day or night. For example, he may close down his workshop or house for a
month or so but on his return he expectsto be able to switch on hislight, motor and other equipment
without any previous warning to the supply company. Since electric energy, unlike gas or water
cannot be stored, but must be produced as and when required, hence the generating equipment hasto
beheldin ‘readiness’ to meet every consumer's full requirement at all hours of the day.

Thisvirtually amounts to allocating a certain portion of the generating plant and the associated
distribution system to each consumer for hisindividual use. Hence, it isonly fair that a consumer
should pay the fixed charges on that portion of the plant that can be assumed to have been exclusively
alocated to him plus the charges proportional to the units actually used by him.
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Hence, any method of charging or tariff, in the fairness to the supply company, should take into
account the two costs of producing the electric energy (i) fixed or standing cost proportional to the
maximum demand and (ii) running cost proportional to the energy used. Such two-part tariffsarein
common use. Some of the different ways of rate making are described below :

50.18. Flat Rate

Thiswasthe earliest type of tariff though it is not much used these days because, strictly speak-
ing, it is not based on the considerations discussed above. In thissystem, chargeismade at asimple
flat rate per unit. But the lighting loads and power loads are metered separately and charged at
different rates. Sincethe lighting load has a poor load factor i.e. the number of unitssold issmall in
relation to theinstalled capacity of the generating plant, the fixed cost per kWh generated ishigh and
thisistaken into account by making the price per unit comparatively high. But since the power load
is more predictable and has a high load factor, the cost per kWh generated is much lower which
resultsin low rate per unit.

50.19. Sliding Scale

In thistype of tariff, the fixed costs are collected by charging the first block of units at a higher
rate and then reducing the rates, usually in many steps, for unitsin excess of this quantity.

50.20. Two-part Tariff

Thistariff is based on the principleslaid down in Art. 50.16. It consists of two parts (i) afixed
charge proportional to the maximum demand (but independent of the units used) and (ii) a low
running charge proportional to the actual number of units used.

The maximum demand during a specified period, usually aquarter, is measured by a maximum
demand indicator. The maximum demand indicator isusually awatt-hour meter which returnsto zero
automatically at the end of every half hour but isfitted with atell-tale pointer which isleft behind at
the maximum reduing reached during the quarter under consideration.

Thistype of tariff isexpressed by afirst degree equation like Rs. A x kW + B x kWhwhereRs. A
isthe charge per annum per kW of maximum demand and B is the price per KWh.

Sometimes, the customer is penalized for his poor |oad power factor by basing the fixed charges
on kVA instead of per kW of maximum demand.

Example 50.31. Compute the cost of electrical energy and average cost for consuming
375 kWh under ‘block rate tariff’ asunder :

First 50 kWh at 60 paisa per kWh ; next 50 kWh at 50 paisa per kWh; next 50 kwWh at 40 paisa
per kWh; next 50 kWh at 30 paisa per kWh.

Excess over 200 kWh at 25 paisa per kWh. (Utilisation of Elect. Power, AMIE Sec. B)

Solution. Energy charge for the first 50 kWhis=Rs. 0.6 x 50 = Rs. 30

Energy charge for the next 50 kWh at 50 paisa/ kWh = Rs. 0.5 x 50 = Rs. 25

Energy charge for the next 50 kWh at 40 paisa/ kWh = Rs. 0.4 x 50 = Rs. 20

Energy charge for the next 50 kWh at 30 paisa/ kWh = Rs. 0.3 x 50 = Rs. 15

Energy charge for therest (375 - 200) i.e. 175 kWh =Rs. 0.25 x 175 = Rs. 43.75

Total cost of energy for 375 kWh = Rs. (30 + 25 + 20 + 15+ 43.75) = Rs. 133.75

Average cost of electrical energy/kWh = Rs. 133.75/ 375 = 36 paise.

Example50.32. The output of a generating station is 390 x 10° units per annum and installed

capacity is 80,000 kW, If theannual fixed chargesare Rs. 18 per kW of isntalled plant and running
charges are 5 paisa per kWh, what is the cost per unit at the generating station ?

(Eletrical Technology, Bombay Univ.)
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Rs. 18 x 80,000 = Rs. 1.44 x 10°

Solution. Annual fixed charges

Fixed chargeskWh = Rs. 1.44 x 10%390 x 10° = 0.37 paisa
Running chargeskWh = 5paisa
Hence, cost at the generating station is = 5+ 0.37 = 5.37 paisekWh.

Example50.33. A power station has an installed capacity of 20 MW. The capital cost of station
isRs. 800 per kW. Thefixed costs are 30% of the cost of investment. On full-load at 100% | oad factor,
the variable costs of the station per year are 1.5 times the fixed cost. Assume no reserve capacity and
variable cost to be proportional to the energy produced, find the cost of generation per kWh at load
factors of 100% and 20%. Comment on the results. (Ranchi University)

Solution. Capital cost of the station = Rs. 800 x 20,000 = Rs. 16 x 10°
(a) At 100% load factor

Fixed cost = Rs. 16 x 10° x 13/100 = Rs. 2.08 x 10°
Variable cost = Rs.1.5x2.08x 10°=Rs, 3.12 x 10°
Total operating cost per annum = Rs. (2.08 + 3.12) x 10° = Rs. 5.2 x 10°
Total No. of units generated = kW max. demand x LF x 8760 = 20,000 x 1 x 8760
= 175.2 x 10° kWh
Cost of generation per kWh = 5.2 x 10° x 100/175.2 x 10° = 3.25 paise.
(b) At 20% load factor :
Fixed cost = Rs. 2.08 x 10° as before

Total units generated per annum = 20,000 x 0.2 x 8760 = 35.04 x 10° kWh

Since variable cost is proportional = Rs. 3.12 x 10° x 35.04 x 10°/ 175.2 x 10° to kWh
generated, the variable

cost at load of 20% is = Rs. 0.624 x 10°
Total operating cost = Rs. (2.08 +0.624) x 10° = 2.704 x 10°
Cost of generation per kWh = 2.704 x 10° x 100/35.04 x 10° = 7.7 paise

It is obvious from the above calculations that as the station load factor is reduced, the cost of
electric generation isincreased.

Example 50.34. The annual output of a generating sub-station is 525.6 x 10° kwh and the
average load factor is 60%. If annual fixed charges are Rs. 20 per kW installed plant and the annual
running charges are 1 paisa per kwh, what would be the cost per kWh at the bus bars ?

Solution. Average power supplied per annum = 525.6 x 10°/ 8760 = 60,000 kW

average power _ 60,000

Max. demand = Tloadfator - 06 - 100,000 kW*
Annual fixed charges = Rs. 20 x 100,000 = Rs. 2 x 10°

2x10° _ 2x100
Fixed charges/ kWh = 5056x10° 5256 - 0.38 paisa

Annual running charges per kWh = 1 paisa. Hence, cost per kWh at the bus-bars = 1.38 paisa.

* |t has been assumed that the installed capacity is equal to the maximum demand of 100,000 kW.
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Example50.35. A certain factory working 24 hoursa day is charged at Rs. 10 per kVA of max.
demand plus 5 paisa per kV ARh. The metersrecord for a month of 30 days; 135,200 kWh, 180,020
kV ARh and maximum demand 310 kW. Calculate

(i) M.D. charges, (ii) monthly bill, (iii) load factor, (iv) average power factor.

(Electric Engineering-11, Bangalore Univ.)
Solution. Average deamnd = 135,200/24 x 30 = 188 kW
Average reactive power 180,020/24 x 30 = 250 kVAR

Now, tang = KVAR/KW =250/88; ¢=53°; cosp=0.6;
M.D.kVA = 310/0.6 =517
(i) M.D.charge = Rs. 10 x 517 = Rs. 5170
(if) reactiveenergy charges = Rs. 5 x 180,020/100 = Rs. 9001
O monthly bill = Rs. 14,171

(iif) monthly load factor = 188/310 = 0.606 or 60.6% (iVv) average p.f. = 0.6
Example 50.36. The cost data of a power supply company is as follows :

Sation maximum demand = 50 MW ; station load factor = 60% ; Reserve capacity = 20% ;
capital cost = Rs. 2,000 per kW, interest and depreciation = 12% ; salaries (annual) = Rs. 5 x 10>
fuel cost (annual) = Rs. 5 x 10° ; maintenance and repairs (annual) Rs. 2 x 10° ; losses in
distribution = 8% ; load diversity factor = 1.7.

Calculate the average cost per unit and the two-part tariff, assuming 80 per cent of salaries and

repair and maintenace cost to be fixed. (Electrical Power-I, Bombay Univ.)
Solution.  Station capacity = 50 + 20% of 50 = 60 MW
Average power = 60 x 0.6 = 36 MW = 36 x 10° kW

Rs. 60 x 10° x 2000 = Rs. 12 x 10’
Rs. 0.12 x 12 x 10’ = Rs. 14.4 x 10°

Capital investment
Interest + depreciation
Total cost both fixed and running

=Rs. 14.4 x 10° + Rs. 5 x 10° + Rs. 5 x 10° + Rs. 2 x 10° = Rs. 201 x 10°
No. of units generated annually = 8760 x 36 x 10°

5

0 overal cost/unit 201;103 = 6.37 paise

8760 % 36 x10
Fixed charges
Annual interest and depreciation = Rs. 14.4 x 10°
80% of salaries = Rs.0.8x5x10°=Rs. 4 x 10°
80% of repair and maintenancecost = Rs. 0.8 x 2 x 10° = Rs. 1.6 x 10°
Total fixed charges = Rs. 149.6 x 10°

Aggregate maximum demand of all consumers
= Max. demand on generating station x diversity factor
= 60 x 10° x 1.7 = 10° x 10° kW
0 annual cost/kW of maximum demand = Rs. 149.6 x 10°/10% x 10° = Rs. 149.6
Running Charges
Cost of fuel

20% of maintenance
Total

Rs. 50 x 10° : 20% of salaries=Rs. 1 x 10°
0.4x10°:
Rs. 51.4 x 10°
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Considering distribution loss of 8%, cost per unit delivered to the consumer is
= Rs. 51.4 x 105/0.92 x 8760 x 36 x 10° = 1.77 paise

Hence, two-part tariff is: Rs. 149.6 per kW max. demand plus 1.77 paisa per kWh consumed.

Example50.37. A certain electric supply undertaking having a maximum demand of 110 MW
generates 400 x 10° KWh per year. The supply undertaking supplies power to consumers having an
aggregate demand of 170 MW. The annual expenses including capital chargesare:

Fue = Rs.5x10°

Fixed expenses connected with generation = Rs. 7 x 10°

Transmission and distribution expenses = Rs. 8 x 10°

Determine a two-part tariff for the consumers on the basis of actual cost.

Assume 90% of the fuel cost asvariable chargesand transmission and distrbution losses as 15%
of energy generated. (Electrical Power-lI. Bombay Univ.)

Solution. Total fixed charges per annum are as under :

Fixed chargesfor generation = Rs. 7 x 10°

Transmission and distribution expenses= Rs. 8 x 10°

10% of annual fuel cost = Rs. 05 x 10° Total =Rs. 155 x 10°

This cost has to be spread over the aggregate maximum demand of all consumersi.e. 170 MW.

0 cost per KW of maximum deamnd = Rs. 15.5 x 10°/ 170 x 10° = Rs. 91.2

Running charges = 90% of fuel cost = Rs. 4.5 x 10°
These charges have to be spread over the number of kWh acutally delivered.
No. of units delivered 85% of No. of units generated

0.85 x 400 x 10° = 340 x 10°

0 running cost / kWh Rs. 4.5 x 10340 x 10° = 1.32 paise

Hence, the two-part tariff for the consumer would be Rs. 91.2 per kW of maximum demand and
1.32 paisa per kWh consumed.

Example50.38. A customer is offered power at Rs. 80 per annum per kVA of maximum demand
plus 8 paisa per unit metered. He proposes to install a motor to carry his estimated maximum
demand of 300 b.h.p. (223.8 kW). The motor available has a power factor of 0.85 at full-load. How
many units will he require at 20% load factor and what willl be his annual bill ?

(Electric Power I Punjab Univ. 1992)

Solution. Assuming amotor efficiency of 90%, the full-load power intake of motor = 223.8/0.9
= 746/3 KW. This represents the max. demand.

Now, load factor - average
max.demand
0 average power = max. demand x load factor = (746/3) x 0.2 = 149.2/3 kW
0 annua consumption = 149.2 x 8,760/3 = 435,700 kWh
Max. kVA of demand = 300 x 746/0.9 x 0.85 x 1000 = 292.5

O cost per kVA of maximum demand = 292.5 x 80 = Rs. 23,400

Cost of units consumed/annum = 435,700 x 8/100 = Rs. 34,856

0 annud hill = Rs. 23,400 + Rs. 34,856 = Rs. 58,256

Example 50.39. How two-part tariff is modified for penalising low p.f. consumers ?

Anindustry consumes 4 million kWh/year with a maximum demand of 1000 kW at 0.8 p.f. What isits
load factor ?
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(a) Calculate the annual energy chargesif tariff in force is as under :
Max. demand charge = Rs. 5 per kVA per month. Energy charges = Rs. 0.35 per kWh
(b) Alsocalculatereductioninthishbill if the maximumdemand isreduced to 900 kW at 0.9 p.f.
lagging. (Electrotechnics, Gujarat Univ.)
Solution. Load factor = 4 x 10%/1000 x 8760 = 0.4566 or 45.66%
(a Max. kVA demand = 1000/0.8 = 1250
Annual M.D. charge/lkVA = 5x 12 =Rs. 60
M.D. chargefor 1250 kVA= Rs. 60 x 1250 = Rs. 75 x 10°
Annual energy charge = Rs. 4 x 10° x 0.35 = Rs. 1400 x 10°
Annual energy bill = Rs. 1475 x 10°
(b) Sinceload factor remains the same, annual average power = 900 x 0.4566 kW
Unitsconsumed annually = 8760 x 900 x 0.4566 = 3.6 x 10°
Max. kVA demand = 900/0.9 = 1000, M.D. charge for 1000 kVA = Rs. 60 x 1000 = Rs. 60 x 10°
Energy charge = Rs. 3.6 x 10° x 0.35 = Rs, 1260 x 10% Annual bill = Rs.1,320 x 10°
Annual saving = Rs. (1475 - 1320) x 10° = Rs. 155 x 10°
Example 50.40. A supply is offered on the basis of fixed charges of Rs. 30 per annum plus
3 paise per unit or alternatively, at the rate of 6 paisa per unit for the first 400 units per annum and

5 paise per unit for all the additional units. Find the number of units taken per annum for which the
cost under these two tariffs becomes the same. (Electrical Technology-I, Bombay Univ.)

Solution. Let x kwWh be the annual consumption of the consumer for which the two tariffs are
equally advantageous.

Cost according to the first tariff = Rs. 30 + 3x / 100
Charges according to the aternative tariff are

= Rs. 6 x 400/100 + Rs. (x — 400) x 5/100 = Rs. [24 + (x — 400)/20]
Since charges in both cases are to be equal

3 _ (x = 400)
a 30+100 = 24+2—0
or X = 1300 kWh.

Example. 50.41. If power ischarged for at the rate of Rs. 75 per kVA of maximum demand and
4 paisa per unit, what isthe cost per unit at 25% yearly load factor (a) for unity power factor demand
and (b) for 0.7 power factor demand.

Solution. (a) At 25% load factor and unity power factor

75%100

8760x 0.25
Energy charge per unit = 4 paisa; Cost per unit = 4 + 3.43 = 7.43 paise
(b) At 25% load factor and 0.7 power factor

75%100
0.7 x 0.25 x 8760
Energy charge per unit = 4 paise ; Cost per unit=4 + 4.9 =8.9 paise

Exmaple50.42. Explain different methods of tariff. A tariff in forceis Rs. 50 per kVA of max.
demand per year plus 10 p per kWh. A consumer has a max. demand of 10 kW with a load factor of
60% and p.f. 0.8 lag.

Maximum demand charge per unit = =3.43 paise

Maximum demand charge per unit = =4.9 paise
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(i) Calculate saving in his annual bill if he improves p.f. to 0.9 lag.
(if) Show the effect of improving load factor to 80% with the same max. demand and p.f. 0.8 1ag
on the total cost per kWh. (Electrical Engineering-l11, Poona Univ.)
Solution. (i) Max. kVA demand at 0.8 p.f. = 10/0.8 = 12.5
M.D. charges = Rs. 50 % 12.5 = Rs. 625
Max. kVA demand at 0.9 p.f. = 10/0.9; M.D. charge = Rs. 50 x 10/0.9 = Rs. 555.55
Since energy consumed remains constant, saving is due only to reduction in M.D. charges.
0 saving = Rs. (625 - 555.55) = Rs. 69.45

(if) With 60% load factor, average power = 10 x 0.6 = 6 kW. The number of units consumed
annually = 6 x 8760 = 52,560 kWh. Also, annual M.D. charge = Rs. 50 x 12.5 = Rs. 625

M.D. charge/unitconsumed = 625 x 100/52,560 = 1.19 paise

Total cost per unit = 10+ 1.19= 1119 paise

With alaod p.f. of 80% average power = 10 x 0.8 = 8 kW

Number of units consumed annually = 8 x 8,760 = 70,080 kwWh. The M.D. charge as before =
Rs. 625.

O M.D. charge/unit consumed = 625 x 100/70,080 = 0.89 paise

O total cost/unit consumed = 10+ 0.89 = 10.89 paise

Obviousdly, with improvement in load factor, total cost per unit is reduced.

Example50.43. A consumer hasa maximumdemand (M.D.) of 20 kW at 0.8 p.f. lagging and an

annual load factor of 60%. There are two alternative tariffs (i) Rs. 200 per kVA of M.D. plus 3p per
kWh consumed and (ii) Rs. 50 per kVA of M.D. plus 7p per kWh consumed. Deter mine which of the

tariffswill be economical for him. (Electrical Engineering, Banaras Hindu Univ.)
Solution. An M.D. of 20 kW at 0.8 p.f. = 20/0.8 = 25 kVA
Average power = M.D. x load factor = 20 x 0.6 = 12 kW
Energy consumed/year = 12 x 8760 = 105120 kWh
(@) M.D.charge = Rs. (200 x 25) = Rs. 5000
Energy charge Rs. 3 x 105, 120/100 = Rs. 3153.60

Rs. 5000 + Rs. 3153.60 = Rs. 8153.60
Rs. (50 x 25) = Rs, 1250

Annual charges
(b) M.D. charge

Energy charge = Rs. % =Rs. 7358.40
Annual charge = Rs. 1250 + Rs. 7358.40 = Rs. 8608.40

Obvioudly, tariff (a) iseconomical.

Example 50.44. Determine the load factor at which the cost of supplying a unit of electricity
froma Diesel station and from a steam station is the same if the respective annual fixed and running
charges are as follows.

Sation Fixed charges Running charges
Diesdl Rs. 300 per kw 25 paise/kWh
Seam Rs. 1200 per kW 6.25 paise/kWh

(Electrical Power-1, Gujarat Univ.)
Solution. (i) Diesel Station
Suppose that the energy supplied in one year isone unit i.e. one kWh.
0 annua average power = 1 kwh/8760 h = 1/8760 kW
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annual average power
annual max. demand

Now, annual load factor (L) =

_ averagepower _ 1 v
O fixed charge = Rs. 300 x 1/8760 L = 30,000/ 8760 L paise
Running charge = 1x25=25paise

Hence, fixed and running charges per kWh supplied by Diesel station = BSé%OE@paise

(if) Steam Station
In the sameway, fixed charge = Rs. 1200/8760 L = 120,000/8760 L paise
Running charge = 6.25 paise

O fixed plus running charges for supplying one kWh of energy are

= (120,000/8760 L) + 6.25 paise.

Since the two charges have to be the same
120,000 30,000
8760L T °% T gr60L

Example50.45. Afactory hasa maximumload of 300 kW at 0.72 p.f. with an annual consump-
tion of 40,000 units, thetariff is Rs. 4.50 per kVA of maximum demand plus 2 paisa/unit. Find out the
average price per unit. What will be the annual saving if the power factor be improved to units ?

(Electrical Technology-I, Bombay Univ.)

Sulation. kVA load at 0.72 p.f. = 300/0.72 = 1250/3

0 max. kVA demand charge = Rs. 4.5 x 1250/3 = Rs. 1875

0 M.D. charge per unit Rs. 1875/ 40,000 = 4.69 paise

0 total charge per unit 2 +4.69 = 6.69 paise

Max. kVA demand at unity p.f. = 300

M.D. charge per unit Rs. 300 x 4.5 = Rs. 1350
Annual saving Rs. 1875 — Rs. 1350 = Rs. 525.

Example50.46. Thereisa choice of two lamps, one costs Rs. 1.2 and takes 100 W and the other
costs Rs. 5.0 and takes 30 W ; each gives the same candle power and has the same useful life of 2000
hours. Which will prove more economical with electrical energy at Rs. 60 per annum per kKW of
maximum demand plus 3 paise per unit ? At what load factor would they be equally advantageous?

Solution. (i) First Lamp

Initial cost of the first lamp per hour = Rs. 120/1000 = 0.12 paisa

Max. demand / hr. 100/1000 = 0.1 kW

Max. demand charge/hr. (60 x 100) % 0.1/8760 = 0.069 paisa

Energy charge/hr. 3x0.1=03pasa

O Total cost/hr. 0.12 + 0.069 + 0.3 = 0.489 paisa

(if) Second Lamp

Initial cost/hr. = 500/21000 = 0.5 paisa; Max. demand /hr ; = 30/1000 = 0.03 kW

Max. demand charge/hr. = (60 x 100) x 0.03/ 8760 = 0.02 paisa

Energy charge/hr. = 3 x 0.03 = 0.09 paisa total cost/hr. = 0.5 + 0.02 + 0.09 = 0.61 paisa
Hence, the first lamp would be more economical.

O +25; L =0.550r 55%.
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It would be seen that the only charge which will vary with load factor isthe max. demand charge.
Moreover the maximum demand charge variesinversely astheload factor. Let x be theload factor at
which both lamps are equally advantageous. Then

012+ 0-()’(69 +03 = 005+ 0-_)?2 +009 O x=029

Hence, both lamps would be equally advantageous at 29% load factor.

Example 50.47. The following data refers to a public undertaking which supplies electric
energy to its consumers at a fixed tariff of 11.37 paise per unit.

Total installed capacity = 344 MVA ; Total capital investment = Rs. 22.4 crores;
Annual recurring expenses = Rs. 9.4 crores ; Interest charge = 6% ; depreciation charge = 5%

Estimate the annual |oad factor at which the system should operate so that there is neither profit
nor lossto the undertaking. Assume distribution losses at 7.84% and the average systemp.f. at 0.86.

(Electrical Power-I, Bombay Univ.)

Soluti Yearly load f L) = No. of kWh suppliedin a year
ution. Yearly load factor (L) = Max. No. of kWh which can be supplied *

kWh supplied/year
Max. output in kW x 8760
Max. output in kW x 8760 x L
(344,000 x 0.86) x 8760 x L = L x 25.92 x 10°
Considering distribution losses of 7.84%, the units actually supplied
= 92.16 per cent of (L x 25.92 x 10%) = L x 23.89 x 10°
Amount collected @ of 11.37 paise/ kWh = Rs. L x 23.89 x 10° x 11.37/ 100
If thereisto be no profit or gain, then thisamount must just equal the fixed and running charges.
Annual interest and depreciation on capital investment
= 11% of Rs. 22.4 x 10" = Rs. 2.46 x 10’
Total annual expenses = Rs. 2.46 x 10’ + Rs. 9.4 x 10’ = Rs. 11.86 x 10’
0 L x2389x10°x11.37/100=11.86 x 10 ; L = 0.437 or 4.37%
Example50.48. AnareahasaM.D. of 250 MW and aload factor of 45%. Calculate the overall

cost per unit generated by (i) steam power station with 30 per cent reserve generating capacity and
(i) nuclear station with no reserve capacity.

Steam station : Capital cost per kW = Rs. 1000 ; interest and depreciation on capital costs =
15% ; operating cost per unit = 5 paise.

Nucelar station : capital cost per KW = Rs. 2000 ; interest and depreciation on capital cost =
12% ; operating cost per unit = 2 paise.

For which load factor will the overall cost in the two cases become equal ?

(Electrical Power-I, Bombay Univ.)

O kWh supplied/year

Solution. (i) Steam Station

Taking into consideration the reserve generating capacity, the installed capacity of the steam
station 250 + (30% of 250) = 325 MW = 325 x 10° kW
average power (annual) M.D. x load factor = 325 x 10% x 0.45 = 146,250 kW

0  No. of unitsproduced/year = 8760 x 146,250 = 128 x 10’

*  Inthis case max. demand has been taken as equal to the installed capacity.
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Capital investment = Rs. 325 x 10° x 1000 = Rs. 325 x 10°
Annual interest and depreciation = Rs. 325 x 10° x 0.15 = Rs. 48.75 x 10°
These fixed charges have to be spread over the total number of units produced by the station.
[ fixed charges/ unit = Rs.48.75x 10°/ 128 x 10’ = 3.8 paise
0 overal cost per unit generated = 3.8 + 5=8.8 paise
(if) Nuclear Station

Since thereis no reserve capacity, installed capacity of the station equals the maximum demand
of 250 MW = 25 x 10" kW.
Average power 0.45 x 25 x 10" = 112,500 kW
Units produced annually 8760 x 112,500 = 98.3 x 10’
Capital investment Rs. 2000 x 250 x 10° = Rs. 5 x 10°

Annual interest and depreciation = Rs. 0.12 x 5 x 10 = Rs. 6 x 10’

O fixed charges/ unit = Rs.6x10"/98.3 x 10" = 6.1 paise
Overadll cost per unit generated = 6.1 + 2.2 = 8.3 paise
Load Factor
Suppose L isthe load factor at which the overall cost per unit generated isthe same.
8
Cost / unit for steam station ES 48. 7‘:’ x10 5@ (1 712 5) paise.
25x10° x 8760 L

Similarly, overall cost/unit for nuclear stationis
0 ’ O
— 6><103 x100 +2 (—274+2)pase
ﬁzso x10° x8760 L ﬁ L
Equating the two, we get [(1.712/L) + 5] =[2.74/L)+2] O L =0340r 34%

Example 50.49. The maximum demand of a customer is 25 amperes at 220 volt and his total
energy consumption is 9750 kWh. If the energy is charged at the rate of 20 paise per kwh for 500
hours' use of the maximum demand plus 5 paise power unit for all additional units, estimate his
annual bill and the equivalent flat rate.

Solution. Charge at the max. demand rate.

Max. demand = 25 x 220/1,000 = 5.5 kW
Units consumed at maximum demand rate = 5.5 x 500 = 2,750 kWh
Max. demand charge = 2,750 x 20/100 = Rs. 550

Energy Charge
Unitsto be charged at lower rate = 9,750 — 2,750 = 7,000

Charge = 2923 _ g 350
arge = ——05 =Rs
0 annual bill = Rs. 550 + 350 = Rs. 900

Equivalent flat rate

900 x 100/9,750 = 9.2 paise

Example 50.50. A workshop having a number of induction motors has a maximum demand of
750 KW with a power factor of 0.75 and aload factor of 35%. If thetariff isRs. 75 per annum per kVA
of maximum demand plus 3 paise per unit, estimate what expenditure would it pay to incur to raise
the power factor of 0.9.
Solution. Max. kVA demand at 0.75 p.f. = 750/0.75 = 1000
M.D. charge=75x% 1000 = Rs. 75,000 ; Max. kVA demand at 0.9 p.f. = 750/0.9
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M.D. charge = (7,500/9) x 75 = Rs. 62,500
Difference in one year = 75,000 — 62,500 = Rs. 12,500
If the annual interest on money borrowed for purchasing the p.f. improvement plant is assumed
10%, then an expenditure of Rs. 125,000 isjustified.

Example 50.51. The owner of a new factory is comparing a private oil-engine generating
station with public supply. Calculate the average price per unit his supply would cost himin each
case, using the following data :

Max. demand, 600 kWV; load factor, 30% ; supply tariff, Rs. 70 per kW of maximum demand plus
3 paise per unit; capital cost of plant required for public supply, Rs. 10 capital cost of plant
required for private generating station, Rs. 4 x 10° ; cost of fuel, Rs. 80 per tonne ; consumption of
fuel oil; 0.3 kg per unit generated. Other work costs for private plant are as follows : [ubricating oil,
stores and water = 0.35 paise per unit generated ; wages 1.1 paise ; repairs and maintenance
0.3 paise per unit.

Solution. Public Supply Charges

Running charge/unit = 3.0 paise ; Average power consumption = 600 x 0.3 = 180 kW

Annual energy consumption = 180 x 8,760 kWh

Fixed annual charges = Rs. 70 x 600 = Rs. 42,000

L et usassume acapital chargerate of 10%. Hence, further annual amount to be charged from the
customer is 0.1 x 10° = Rs. 10,000

O total fixed chargesannum = Rs. 42,000 + Rs. 10,000 = Rs. 52,000
52,000 %100

180 x 8760
O fixed plus running charges per unit generated = 3.0 + 3.3 = 6.3 paise.
Private Supply Charges
Annual capital charges

O fixed charge per unit generated = = 3.3 paise

Rs. 4 x 10° x 0.1=Rs. 40,000

No. of units generated annually= 180 x 8,760 kWh

. . _ 4,000 x100 _ .
O fixed charges per unit generated = 180 x8760 2.54 paise
Cost of ail per unit generated = %&;03 =2.4 paise

Running charges per unit generated are:

Lubricating oil, stores, water 0.35 paise; Wages= 1.1 paise

Repairs and maintenance = 0.3 paisg Total =0.35+ 1.1+ 0.3=1.75 paise
Total running charges 24+ 1.75=4.15paise

Fixed plus running charges per unit generated = 2.54 + 4.15 = 6.69 paise

Example 50.52. Calculate the minimum two-part tariff to be charged to the consumers of a
supply undertaking from the following data :

Generating cost per kWh; 3.6 paise ; Generating cost per KW of maximum demand, Rs. 50
Total energy generated per year ; 4,380 x 10" kWh

Load factor at the generating station, 50%

Annual charges for distribution Rs. 125,000

Diversity factor for the distribution network, 1.25

Total loss between station and consumer, 10%.
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4,380 x 10%/8760 = 5,000 kW

Solution.  Average generating power

O maximum load on generator = 5,000/load factor = 5,000 / 0.5 = 10,000 kW
O annual fixed charges = Rs. 10,000 x 50 = Rs. 500,000
Fixed charges = Rs. 125,000 Total fixed charges = Rs. 625,000

Since diversity factor is known, consumer’s max. demand = 10,000 x 1.25 = 12,500 kW
Hence, Rs. 625,000 have to be equally distributed over the 12,500 kW maximum demand.
O cost per kW max, demand = 625,000/12,500 = Rs. 50

O monthly kW maximum chargesis = Rs.50/12 = Rs. 4.17

Sincelosses are 10%, consumer gets 0.9 kWh for every kWh generated at the station. Hence cost
per kWh to the consumer is 3.6/0.9 = 4 paise.

Therefore, minimum charges are Rs. 4.17 per KW of max. demand per month and 4 paise per
kWh consumed.

Example50.53. Two systems of tariffsare availablefor a factory working 8 hoursa day for 300
working daysin a year.

(a) High-voltage supply at 5 paise per unit plus Rs. 4.50 per month per kVA of maximum

demand.

(b) Low-voltage supply at Rs. 5 per month per kVA of maximum demand plus 5.5 paise per unit.

The factory has an average load of 200 kW at 0.8 power factor and a maximum demand of
250 kW at the same p.f.

The high-voltage equipment costs Rs. 50 per kVA and losses can be taken as4 per cent. Interest
and depreciation charges are 12 per cent. Calculate the difference in the annual cost between the
two systems.

Solution. Firgt, let usfind the annual cost according to rate (a).

(a) Capacity of h.v. switchgear = (250/0.8) x (100/96) kVA
Annual interest on capital investment and depreciation
2 1
= (oig x %) x50 x 0.12 = Rs. 1953

Annual charge dueto kVA max. demand is
250,100
05 96
Annual charge due to kwWh consumption

x 12 x45=Rs. 17,580

= 200x 100, 5 x(8x300)=Rs. 25,000
96 100

O total charges = Rs. (1953 + 17,580 + 25,000) = Rs. 44,533
(b) Thetotal annual cost dueto rate (b) would be as under.
Annual charge dueto kVA max. demandis = 250 x 5 x 12/0.8 = Rs. 18,750

Annual charge due to kWh consumptionis = 200 x % % 2,400 = Rs. 26,400
O total charges = Rs. 18,750 + Rs. 26,400 = Rs. 45,150

Hence, high-voltage supply is cheaper by 45,150 — 44,533 = Rs. 617.
Example 50.54. Estimate what the consumption must bein order to justify the following maxi-
mum demand tariff in preference to the flat rate if the maximum demand is 6 KW.

On Maximum Demand Tariff. A max. demand rate of 37 paise per unit for thefirst 200 hr. at the
maximum demand rate plus 3 paisa for all unitsin excess.

Flat-rate tariff, 20 paise per unit.
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Solution. Let
On Max. Demand Tariff
Units consumed at max. demand rate

1983

x = thenumber of unitsto be consumed (within aspecific period)

6 x 200 = 1200 kWh

Unitsin excess of the max. demand units = (x — 1200)
Cost of max. demand units = 1200 x 37 = 44,400 paise
Cost of excess units = 3(x —1200) = (3 x — 3600) paise
00 total cost on thistariff = 44,400 + 3 x — 3600 = 3 x + 40,800 paise

Flat-rate Tariff
Total cost of unitson thisrate = 20 x paise
O 20x = 3x+40,800

or 17x = 40,800 O x=2400units

Tutorial Problem No. 50.1

1. A plant costing Rs. 650,000 has a useful life of 15 years. Find the amount which should be saved
annually to replace the equipment at the end of that time.
(i) by the straight line method and (ii) by the sinking fund method if the annual rate of compound
interest is 15%.
Assume that the salvage value of equipment is Rs. 5000.
[(i)) Rs. 4,000 (ii) Rs. 1,261] (Elect. Generation, Punjab Univ.)
2. Aplant costsRs. 7.56 x 10° and it is estimated that after 25 years, it will haveto bereplaced by anew
one. At that instant, its salavage value will be Rs. 1.56 x 10°. Calculate.
(i) theannual deposit to be made in order to replace the plant after 25 years and
(i) value of the plant after 10 years on the ‘reducing balance depreciation method’ .
[(i) 0.0612 (i) Rs. 4.02 x 10°] (Util. of Elect. Power, AMIE Sec. B,)
3. Fromthefollowing data, estimated the generating cost per unit delivered at the station.
Capacity of the generating plant = 10 MW; annual load factor = 0.4 ; capital cost = Rs. 5 million;
annual cost of fuel, oil, wages, taxes and salaries = Rs. 2 x 10° Rate of interest = 5%; rate of
depreciation = 5% of initia value. [2 paisa’lkWh]
4. From the following data, find the cost of generation per unit delivered from the station.
Capacity of the plant installed = 100 MW; annual |oad factor = 35% ; capital cost of power plant =
Rs. 1.25 crores ; Annual cost of fuel, oil, salariesand taxation = Rs. 0.15 crore; Interest and deprecia-
tion on capital = 12%.
If the annual load factor of the station is raised to 40%, find the percentage saving in cost per unit.
[1 paisa’kWh ; 12.2%]
5. Thecapital costsof steam and water power station are Rs. 1200 and Rs. 2100 per kW of theinstalled
capacity. The corresponding running costs are 5 paise and 3.2 paise per kWh respectively.
Thereserve-capacity in the case of the steam station isto be 25% and that for the water power station
isto be 33.33% of theinstalled capacity.
At what load factor will the overall cost per kWh be the same in both cases ? Assume interest and
depreciation charges on the capital to be 9% for the thermal and 7.5% for the hydroelectric station.
What would be cost of generating 500 million kWh at thisload factor ? [47.5% ; Rs. 4.12 crores|
6. Inaparticular area, both steam and hydro stations are equally possible. It has been estimated that
capital costs and the running costs of these two typeswill be asfollows:

Capital cost /KW running cost/kw interest
Hydro Rs. 2,200 1 paisa 5%
Steam Rs. 1,200 5 paise 5%
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If expected average load factor is only 10% which is economical to operate, steam or hydro ?If the
load factor is 50%, would there be any changesin the choice ? If o, indicate with calculations.
[10% load factor ; hydro ; 13.5 paise / kWh ; Steam = 11.85 paise/ kWh50% load factor ;
hydro ; 3.5 paisskWh ; Steam = 6.35 paisekWh]
A consumer takes a steady load of 200 kW at a power factor of 0.8 lagging for 10 hours per day and
300 days per annum. Estimate his annual payment under each of the following tariffs :
(i) 10 paisa per kWh plus Rs. 100 per annum per kVA
(if) 10 paisa per kWh plus Rs. 100 per annum per kW plus 2 paisa per kVARh.

[(i) Rs. 85,000 (ii) Rs. 170,000.] (Util. of Elect. Power, Punjab Univ.)
A consumer requires one million units per year and his annual load factor is 50%. The tariff in force
isRs. 120 per kW per annum plus 5 paise per unit. Estimate the saving in his energy charges which
would result if he improved his load factor to 100%.

[Rs. 13,698.60] (Util. of Elect. Power, AMIE)

A factory has a maximum demand of 1000 kW and a load factor of 40%. It buys power from a
company at therate of Rs. 45 per kW plus Rs. 0.025/kWh consumed. Calculate the annual electricity
bill of the factory. Also work out the overall cost of one unit of electricity.

[Rs. 1,32,600, 3.78 paise] (Util of Elect. Power, AMIE)

A power station having amaximum demand of 100MW has aload factor of 30%. Itisto be supplied
by any of the following schemes:

(a) asteam power station in conjunction with ahydro station, the latter supplying 108 kWh/annum
with a maximum output of 40 MW.

(b) asteam station capable of supplying whole load,
(¢) ahydro station capable of supplying whole load.

The following data may be assumed : steam hydro
(i) Capital cost/kW installed capacity Rs. 600 Rs. 1500
(if) Interest and depreciation on capital cost 12% 10%
(iii) Operating cost/unit 5p 1p
(iv) Transmission cost/unit negligible 0.25p

Neglect spares. Calculate the overall cost per unit generated in each case.

[(®) 7.5 P/ kWh (b) 7.74 PIkWh (c) 6.95 P/kWh]
An electricity undertaking having a maximum load of 100 MW generates 375 million kWh per
annum and supplies consumers having an aggregate maximum demand of 165 MW.
The annual expenses including capital charges are : for fuel Rs. 30 lakhs, fixed charges concerning
generation Rs. 40 lakhs. Fixed charges connected with transmission and distribution: Rs. 50 lakhs.
Assume that 90% of the fuel cost is essential to running charges and with the losses in transmission
and distribution as 15% of the kWh generated, deduce a two-part tariff to find the actual cost of
supply to consumers. [Rs. 56.3 per kW Max. demand ; 0.84 P/kWh]

Obtain atariff for the consumers of supply undertaking which generates 39 x 10" kWh/year and has
maximum demand of 130 MW connected to it. The cost is distributed as follows :
Fuel : Rs. 37.5 lakhs : Generation : Rs. 18 lakhs ; Transmission : Rs. 37.5 lakhs ; Distribution :
Rs.25.5 lakhs.
Of these items, 90%, 10% 5% and 7% respectively are allocated to running charges, the remainder
being fixed charges. The total loss between the station and the consumers is 10% of the energy
generated.
Find also the load factor and overall cost per unit.

[Rs. 61 per kKW max. demand and 1.1 P/kWh ; 34.2% ; 3.38 P/lkWh]

A generating station has got maximum demand of 80 kW. Calculatethe cost per kWh delivered from
the following data:
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Capital cost = Rs. 16 x 10°
Annual cost of fuel andoil = Rs. 14 x 10°
Taxes, wagesand salaries = Rs. 9 x 10°

Therate of interest and depreciation is 12%; Annual load factor is 60%.
[10.036 paise] (Utili. of Elect. Power. AMIE)

14. A S/Ssupplies power by four feedersto 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 feeder is 200 kW. Feeder No. 2 supplies four consumers, whose daily max.
demands are 60 kW, 40 kW, 70 kW, and 30 kW, while the maximum demand on feeder No. 2 is 160
kW. FeedersNos. 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 factor for the consumers of feeder No. 1, feeder No. 2 and for the four
feeders. [1.3, 1.25, 1.18] (AMIE)

15. A generating station hasaM.D. of 75 MW and ayearly load factor of 40%. Generating costs inclu-
sive of station capital cost are Rs. 60 per annum per kW demand plus 1 paisa/ kWh transmitted. The
annual capital charge for the transmission system is Rs. 1.5 million, the respective diversity factors
being 1.2 and 1.25 respectively. The efficiency of transmission system is 90% and that of the distri-
bution system inclusive of substation losses 85%. Find the yearly cost per kW demand and the cost
per kWh supplied (a) at the substation and (b) at the consumer's premises.

[(3) Rs 722 per kW M.D. and 1.1. PkWh (b) Rs. 71.1 per KW M.D. and 1.31 PIKWh]

50.21. Kelvin’s Law

We will now consider the application of Kelvin's economy law to power transmission through
feeder cables. Since, in feeders, voltage drop is hot of vital importance, they can be designed on the
basis of their current-carrying capacity and where feasible, of minimum financial losses.

The financial loss occuring in a current-carrying conductor is made up of two parts:

(i) interest on the capital cost of the conductor plus allowance for depreciation and

(i) the cost of energy loss due to (a) ohmic resistance i.e., I°R loss, (b) losses in the metallic
sheaths of sheathed cables and (c) in the case of high tension insulated cables, lossin the insulating
material used.

For agiven length of the cable, the weight and
hence cost of copper required isdirectly proportional
to the cable cross-section. The annual combined
interest on capital cost and depreciation is also
directly proportional to the cross-section of the cable
and can be written as Rs. PA where P = a constant
and A = cross-section of the cable.

Now, we will consider the cost of I°R loss, ne-
glecting at the moment losses other than ohmic. The
ohmic resistance of the conductor is proportional to |
VA. For agiven annual load curve, the energy loss |
is proportional to resistance and so proportional to
T/A. It can be written as Q/A where Q is another
constant. If theload isvariable, then current used in
calculating I°R loss will be ther.m.s. value of current reckoned over a period of one year.

Rs. Per Annum

Minimum Annual Loss

Q/A

Cross Section

Fig. 50.11

O total annual financial lossisL= Rs. QDA+%§
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Now, it can be proved that thisannual financial losswill be minimum when PA = Q/Ai.e., when
annual charge on the capital outlay is equal to the annual value of the energy loss.* The most
economical cross-section which will make the above cost equal isgiven by :

PA = % orA’=Q/P0 A= JQP

The most economical cross section can be aso found graphically as shown in Fig. 50.11. It is
seen that graph of PA isastraight line (curve 1) and that of Q/A isarectangular hyperbola (curve 2).
The graph for total  annual loss is obtained by combining curves 1 and 2 and is found to exhibit a
minimum for that value of ‘ A’ which corresponds to the intersection of the two curves.

Since we have neglected the dielectric and sheath losses while deriving the above condition of
minimum financial loss, it is obvious that it applies only to bare conductors.

In practice, Kelvin'slaw may haveto be modified because the most economical size so calculated
may not always be the practical one because it may be too small to carry the current.

Example 50.55. If the cost of an overhead line is Rs. 2000 A (where A is the cross-sectional
area in cn) and if the interest and depreciation charges on the line are 8%, estimate the most
economical current density to use for a transmission requiring full-load current for 60% of the year.
The cost of generating electric energy is 5 paise/lkWh. The resistance of a conductor one kilometre
long and 1 cn’ cross-section is 0.18 Q.

Solution. Take one kilometre of the overhead line and let | be the full-load current, thenif Ris
the resistance of each line, the full-load power lossin thelineis

2
= 2%R=212x018x L wat= 236" 4102 kw

A
Since the line works for 60% of the year i.e. for (0.6 x 365 x 24) hours, hence total annual loss

2
is= 0-3’%“0‘3 x 0.6 x 365 x 24 kWh

2 O
O annual cost of thisloss = Rs. %‘% x10™ x 0.6 x365 x24 xo.OEE =0.0946 |2/A

The annual value of interest on capital outlay and depreciation = 8% of 2,000 A= Rs. 160 A
For minimum total financial loss: 160 A = 0.0946 I7/A I/A = (160/0.0946) =41.12 Alem?

Example50.56. A 500-V, 2-core feeder cable 4 kmlong supplies a maximum current of 200 A
and the demand is such that the copper loss per annum s such aswould be produced by the full-load
current flowiing for six months. The resistance of the conductor 1 km long and 1 sq cm. cross-
sectional areais0.17 Q. The cost of cableincluding installation isRs. (120 A + 24) per metrewhere
Aisthe area of cross-section in sg. cm and interest and depreciation charges are 10%. The cost of
energy is 4 paise per kWh. Find the most economical cross-section.

(Electrical Technology, M.S. Univ. Baroda)
Solution. Let us consider one kilometer length of the feeder cable.**

*  For this expression to have minimum value %\ =0
d
Y+ = _Q_ _0Q _Q -
aPTQUA=0 o p ?_o 0 P—? or PA=—X or A=\/Q/P

**  Eventhrough wearegiven 4 km length of the cable, so far asour cal culationsare concerned, any convenient
unit of length can be taken.



Cable cost/metre
Cost of 1 km long cable
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Interest and depreciation per annumiis
Resistance of one km long cableis
Culossinthecable = 21°R =2 x 200> x 0.17/A W= 13.6 x 10%AW = 13.6/A kW

Energy loss over six months
Cost of thisenergy loss

For most economical cross-section ; 12 x 10° A

Rs. (120 A + 24)

Rs. 120 A x 1000 = Rs, 12 x 10* A

10% of Rs. 12 x 10* A =Rs, 12 x 10° A
0.17/A ohm. —whereA isincm?

(13.6/A) x (8760/2) kWh = 59,568/A KWh
Rs. 50,568 x 0.04/A = Rs. 2383/A

2,383/A, A = /0.1986 = 0.446 cm”

Example50.57. A2-core, 11-kV cableisto supply 1 MW at 0.8 p.f. lag for 3000 hoursin a year.
Capital cost of the cableis Rs. (20 + 400a) per metre where a is the cross-sectional area of corein
cm’. Interest and depreciation total 10% and cost per unit of energy is 15 paise. If the length of the
cableis 1 km, calculate the most economical cross-section of the conductor. The specific resistance

of copper is1.75 x 10~° ohm-cm.

(Power Systems-I, AMIE, Sec. B, 1993)

Solution. Cost of 1 km length of the cable = Rs. (20 + 400a) x 1000 = (20,000 + 400 x 10°a)
If aisthe cross-sectional area of each core of the cable, then resistance of 1 km cable lengthis
0.175/aQ.; FL. current = 1 x 1011 x 10° x 0.8 = 113.6 A
21°R = 2 x 113.6° x (0.175/a) = 4516.7/aW

Rs. (4516.7/a) x 3000 x 10~ x (15/100) = Rs. 2032.5/a.
Interest and depreciation per annum = 0.1 x 400 x 10°a= 40,000 a

As per Kelvin'slaw, the most economical cross-section would be given by

20325/a a=0.2254 cm’ and

0.2254 x 4/1t = 0.536 cm.

= 1.75 x 10°° x 1000 x 100/a
Power lossin the cable
Annual cost of energy loss

40,000 a =
d =

50.22. Effect of Cable Insulation

Let usnow consider the effect of insulation in the case of aninsulated cable. The cost of insula-
tion would now be added to the annual value of interest and depreciation. Since for agiven type of
cable, agiven type of armouring and for agiven voltage of transmission, theinsulation cost does not

vary much with the cross-section of the
cable, itistaken care of by merely add-
ing a constant R to the term Rs. PA.
Hence, the annual interest and depre-
ciation, and insulation cost is repre-
sented by theterm Rs. (PA + R) where
Risaconstant representing insul ation
cost. The addition of term Rs. R re-
sultsin merely raising the graph of Rs.
PA vertically through adistancerepre-
senting Rs. R, asshownin Fig. 50.12.

The total annual financial loss of
insulated cable is thus represented by
Rs. (PA + R+ Q/A). It should benoted
that curve for Q/Ais not disturbed at
al. However, the graph for total loss
i.e.(PA +Q/A+R)isonly shifted ver-
tically through a distance equal to Rs.

Minimum
Annual
Loss

A

Rs Per Annum

Cross Section

Fig. 50.12
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R without any horizontal displacement of the point of minimum financial loss. In other words, the
insulation cost does not affect the value of most economical cross-section. Hence, for an insulated
cable, Kelvin's law is : the most economical cross-section is that which makes the interest on the
capital outlay plus depreciation due to the conductor in the cable equal to the annual cost of energy
lost.

Example50.58. The cost of a two-corefeeder cableincluding insulationisRs. (130 A + 24) per
metre and the interest and depreciation charges 10% per annum. The cable is two kmin length and
the cost of energy is 4 paisa per unit. The maximum current in the feeder is 250 amperes and the
demand is such that the copper loss is equal to that which would be produced by the full current
flowing for six months. If the resistance of a conductor of 1 sq. cm cross-sectional area and one km
inlength be 0.18 Q, find the most economical section of the same.

Solution. Cable cost/m = Rs. (130 A + 24) where A isthe cable cross-section in cm?.
Cost of 1 kmlong conductor = Rs. (130 A x 1000) = Rs. (13 x 10* A)

Interest and depreciation per annum = 0.1 x 13 x 10° A =Rs. (13x 10° A)

Resistance of one km long conductor = 0.18/A ohm

Culossin the cable = 21°R = 2x 250 XQT}SW =2 x 2507 xO._iS x1073 kW

Annual value of thisenergy loss= Rs. (2 x 2507 x 0"18 x10°° %) X87—260
= Rs. 3941/A

For most economical cross-section 13 x 10° A = 3,942/A [ A®=3942/13 x 10°

0 A = 0505cm’

Example50.59. An 11-kV, 3-core cableisto supply a workswith 500-kW at 0.9 p.f. lagging for
2,000 hoursp.a. Capital cost of the cable per corewhen laid isRs. (10,000 + 32,00 A) per kmwhere
Aisthe cross-sectional area of the corein sg. cm. Theresistance per km of conductor of 1 cm? cross-
section is0.16 Q.

If the energy losses cost 5 paise per unit and the interest and sinking fund is recovered by a
charge of 8% p.a., calculate the most economical current density and state the conductor diameter.
(Power Systems-|, AMIE-1994)

Solution. The annual charge on cost of conductors per kmis=0.08 x 32,000 A = Rs. 2,560 A

Current per conductor is = 500,000/v3 x 11,000 x 0.9 =29.2 A

Lossesinal thethreecores = 31°R=3x 29.2% x 0'—16=%><10_3 kW
-3

Annual cost of thisloss = Rs. M X HSO x 200 =Rs. 40.93

Obvioudly, the values of the two constants per km are P = 2,560 and Q = 40.93
The most economical cross-sectionisgivenby A = /Q/P = ,/(40.93/2,560) = 0.1265 cm’
The current density is 29.2/0.1265 = 231 Alcm? and the conductor diameter is

d = /4x0.1256/1 =0.4cm.

Example 50.60. Discuss limitations of the application of Kelvin's law.

Anindustrial load is supplied by a 3-phase cable from a sub-station at a distance of 6 km. The
voltage at theload is 11 kV. The daily load cycle for six daysin a week for the entire year isasgiven
below :
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(i) 700 kw at 0.8 p.f. for 7 hours, (i) 400 kW at 0.9 p.f. for 3 hours,
(iii) 88 kW at unity p.f. for 14 hours.

Compute the most economical cross-section of conductors for a cable whose cost is
Rs. (5000 A + 1500) per km (including the cost of laying etc.). The tariff for the energy consumed at
theload is Rs. 150 per annum per kVA of M.D. plus 5 paise per unit. Assume the rate of interest and
depreciation as 15%. The resistance per km of the conductor is (0.173/A) Q.

(Electrical Power-1 ; Bombay Univ.)

Solution. Capital cost of the cable =6 x Rs. (5000 A + 1500) = Rs. (30,000 A + 9000).
Annual cost of interest and depreciation = Rs. 0.15 (30,000 A + 9000) = Rs. (4500 A + 1350).
Resistance of each conductor = 6 x 0.173/A = 1038/A ohm

Line currents due to different loads are :

(i) At700kw,08pf; | = 700x10%/3 x11x10°x0.8=459A

(i) At400kW,09pf; | = 400x 10%+/3 x11x 10°x 0.9 =233 A
(i) At88kW, u.p.f. | = 88/x11=462A

The corresponding energy losses per week in the cable are :

@) loss = 3x 4592 x (1.038/A) x (6 x 7)/1000 = (276/A) kWh
(ii) loss = 3x23.32x (1.038/A) x (6 x 3)/1000 = (30.4/A) kWh
(iii) loss = 3x4.622 x (1.038/A) x (6 x 14) x 10 = (5.6/A) kWh

Total weekly loss = (276/A) +(30.4/A) + (5.6/A) = (312/A) kWh
Taking 52 weeks in one year, we have
- 5 312 811
Annual Cul = D 22< = Rs, S22
nnu uloss RSlOO A x 52 =Rs. A

Max. voltage drop in each conductor = 45.9 x 1.038/A = (47.64/A) volt
Max. kVA demand charge due to this drop for three conductorsis
= Rs. 3% (47.64/A) x 45.9 x 10 x 150 = Rs. 984/A
Total annual charges dueto cableloss= Rs. (811/A) + Rs. (984/A) = Rs. (1795/A)
For the most economical size of the cable ; 4500 A=1795/A ; A = 0.63 cm®.

Note. Though not given, it has been assumed that A appearing in Rs. (5000 A + 1500) isin cm?.

Tutorial Problem No. 50.2

1. Thedaily load cycle of a3-phase, 110-kV transmission lineisasfollows:

(&) 6 hours—=20 MW, (b) 12 hours-5 MW, (c) 10 hours — 6 MW. Theload p.f. is 0.8 lag for al the
three loads. Determine the most economical cross-section if the cost of the lineincluding erectionis
Rs. (9,000 + 600 A) per km where A is the cross-section of each conductor in cm?. The rate of
interest and depreciation is 10% and energy cost is 6 paise/unit. Thelineisin use al the year. The
resistance per km of each conductor is 0.176/A ohm. [1.64 sz]
2. Find the most economical cross-section of conductor for asystem to transmit 120 A at 250 V al the
year round with acost of 10 paise per kWh for energy wasted. Thetwo-core cable costsRs. 20 A per
metre where A isthe cross-section of each corein cm®. The length of feeder is one km. Theinterest
and depreciation charges total 8% of total cost. Onekm of Cuwirel cm?in cross-section areahas a
resistance of 0.15 W.
[1.52 cm?]
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50.23. Note on Power Factor

Irrespective of the nature of voltage and current, the power factor may be defined astheratio of

true power consumed to the apparent power (product of voltage and current).
W _ KW

O pf. = VA~ KVA

If voltage and current are both sinusoidal, then p.f. = KW/kVA = cos @

where @isthe phase difference between voltage and current.

The power factor of all a.c. motors (except over-excited synchronous motors and certain types of
commutator motors) and transformersislessthan unity (lagging). Magjority of industrial motors are
induction motors which have a reasonable high power factor (0.9 or so) at full-load but very low
power factor at light loads and at no-load aslow avalue as0.1. Induction motor is, in fact, asimple
resistance-inductance circuit. The current taken by such a circuit has two components (i) active or
wattful component Iw whichisin phasewith thevoltage. Its
value is | cos @ where | is total circuit current. It is this
component which represents the useful power in the circuit
and (ii) reactive or wattless or idle component | | which lags
behind the applied voltage by 90°. Itsvalueisl sin @andits
purpose is to produce alternating magnetic flux. Hence, it is
also known as wattless or magnetising current.

Obviously 12 = 1,2+1,7

Multiplying both sides by V/,,, we get ¢

V2|2 - V2|W2 + V2| Ll2 kW
or (VI)Z = (VI,)% + (V1) Fig. 50.13
Now VI = volt-ampereswrittenasVA ; VI, = wattage W

VI, = reactivevolt-amperewrittenasVAR.
Hence, in any inductive circuit as shown in Fig. 50.13
KVAZ = kW?+kVA R?
For example, suppose an R-L circuit drawsacurrent of 100 A from asupply of 250 V at a power
factor of 0.8, then total kilo-voltampere of the circuit is 250 x 100/1000 = 25 kVA. Thetrue power is
250 x 100 x 0.8/1000 = 20 kW and reactive voltampereis 250 x 100 x 0.6/1000 = 15 kVAR.

Obviously, KVA = /20%+15% =25

50.24. Disadvantages of Low Power Factor
Suppose a 3-phase balanced system is supplying aload W at avoltage of V and p.f. cos ¢, then
current flowing through the conductor is| = W//3.V . cos 0]
A lower power factor, obviously, means a higher current and this affects in the following three
ways:
1. Line losses are proportional to 12 which means proportional to 1/cos? @. Thus losses at
cos @ = 0.8 are 1/0.82 = 1.57 times those at unity power factor.

2. Ratings of generators and transformers etc. are proportional to current, hence to 1/cos @,
therefore, larger generators and transformers are required.

3. Low lagging power factor causes alarge voltage drop, hence extraregulation equipment is
required to keep voltage drop within prescribed limits.
Explanation
Low power factor means higher wattless current which presents a serious problem from supply

C

L
v
kVAR
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viewpoint. Consider the following numerical example. Suppose an aternator (single-phase) is to
have an output of 1500 kW at 10,000 V.
1,500,000

. P_ _
(a) Load at unity power factor P= VI x 1= VI watt and | = V- 10000 150 A
Inthiscase kVA = kW = 1500
(b) If theload has alagging p.f. of 0.6, then
P _ 1,500,000

=250 A and kVA = 2500

~ Vcose 10,000 x0.6

Itisobviousthat in case (b), the current-carrying capacity of aternator winding will have to be
(250-150)/150 = 0.67 or 67% greater. Now, the size and hence cost of a given type of aternator is
decided by kVVA output and not by kW.

In case (a), kVA = kW1500. In case (b) kVA = 1500/0.6 = 2500.

It is seen that with aload p.f. of 0.6, the cost of an alternator to give the same power output and
hence the earning capacity, is about 67% greater than when p.f. is unity. Moreover, the switchgear
will have to carry 250 A instead of 150 A and so, will be correspondingly larger and more costly.
Since transformers are almost always used in the line, they too will be more expensive.

The cables connecting the alternator with theload will also haveto carry more current. If current
density is the same, then cable cross-section and hence the weight of copper required will be
increased.

Therefore, it isseen that alow power factor leadsto ahigh capital cost for the aternator, switchgear,
transformersand cablesetc. Sincethevalue of power factor isdecided by the consuming deviceslike
motors etc., the electric supply undertakings encourage the consumersto make their power factor as
high as possible. Asaninducement, they offer cheaper tariffsin different waysdiscussed in Art. 50.25.

The disadvantages of low power factor are summarized below :

In atransmission line (supplying an inductive load) it is only the in-phase component of line
current which is active in the transmission of power. When power factor is low, then in-phase (or
active) component is small, but reactive component is large hence unnecessarily large current is
required to transmit a given amount of power. Large reactive component means large voltage drop
and hence greater Cu losseswith the result that the regulation isincreased and efficiency is decreased.

Lighting and heating loads, being mainly resistive, have unity p.f. but el ectromagnetic machinery
has alow p.f. especially on no-load or light loads.

A low power factor (lagging) system has the following disadvantages as compared to a system
carrying the same power but at higher p.f.
1. Ascurrentislarge and at alarge lagging angle, it cause greater losses and requires higher
excitation in the generators, thereby reducing the efficiency of generation.
2. Increased Cu losses areincurred in the cables and machinery because of large current. Both
these factors raise the running cost of the system.

3. Theratingsof the generators, transformers, switchgearsand cablesetc., haveto beincreased,
which means additional capital chargeswith increased depreciation and interest.

4. Duetovoltagedrop in generators, transformers and cables etc. the regul ation becomes poor.
As supply authorities are usually bound to maintain the voltage at consumer's terminals
within prescribed limits, they have to incur additional capital cost of tap-changing gear on
transformers to compensate for the voltage drop. Hence, the supply authorities penalise
industrial consumers for their low power factor by charging increased tariff for kVA maxi-
mum demand in addition to usual kWh charge. Obviously, it is advantageous for the
consumer toimprove hisload p.f. with the help of phase-advancing equipment (i.e. synchro-
nous capacitors) or static capacitors.
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50.25. Economics of Power Factor

In order to induce the customers to keep their load p.f. as high as possible, tariff rates for a.c.
power are such that the overall charge per kWh of the energy consumed depends, in someway or the
other, on the load p.f. of the consumer. Some of thewaysin which it isdone are given below :

(i) Thetotal bill for consumption is so adjusted as to make it depend on the deviation of the
load p.f. from astandard value,say 0.9. Thehill isincreased by aconstant percentage for each unit p.f.
deviation from 0.9, say, for every decrease of 0.01 from 0.9. Similarly, there would be bonusfor each
increase of unit p.f. value.

(if) Thetotal power bill isadjusted in some way on the total reactive kilo-volt ampere-hour i.e.
kVARh instead of kWh. Special meters areinstalled for measuring kVARh.

(iif) But the most commonly-used tariff is the two-part tariff (Art. 50.20). The fixed charges
instead of being based on kW maximum demand are based on kVA maximum demand so that they
becomeinversely proportional to the power factor (because kVA = kW/cos ¢)

Explanation

Consider a single-phase, 1500-kW, 10,000-V alternator already discussed in Art. 50.24. Sup-
pose whole of its output is taken up by one consumer and the two-part tariff is Rs. 60 per annum per
kVA max. demand plus 2 paise per kWh. Let the load factor be 30%. Then,

Average power throughout the year = 0.3 x 1500 = 450 kW

0 annua consumption = 450 x 8,760 kWh

Annual cost at 2 paise per kWh = Rs. 450 x 8,760 x 0.02 = Rs. 78,840

For the fixed kVA charge, we have

Annual charge at unit p.f. Rs. 60 x 1500 = Rs. 90,000

Annual charge at of 0.6 p.f. Rs. 60 x (1500/0.6) = Rs. 150,000

Total chargesat unity p.f. Rs. 90,000 + 78,840 = Rs. 168,840

Total charges of 0.6 p.f. Rs. 150,000 + 78,840 = Rs. 228,840

Itisseen that annual saving for unity p.f. isRs. 60,000. Of course, thismay not represent the net
total saving when p.f. correction has been done either by phase-advancing equipment or static capaci-
tors because the cost and maintenance of p.f. correcting apparatus has still to be taken into account.
The cost will be by way of interest on capital required to install the p.f. improvement apparatus plus
depreciation, maintenance expenses etc.

Consider the undergiven case. To illustrate how two-part tariff operates for different cases,
supposethat rate of charging power to alargefactory isRs. 90 per annum per kKVA maximum demand
and 2 paise per kWh consumed. Also, suppose that the factory has 450 kW maximum load demand
and an annual consumption of 10,000,000 kWh.

(i) If load p.f. were 0.9, then 450 kW max. demand is equal to 450/0.9 = 500 kVA max. demand.

(i) If load p.f. were 0.7, then 450 kW max. demand is equal to 450/0.7 = 643 kVA max. demand.

Cost on kWh consumed will be the samefor both power factors, it isonly the maximum demand
charge which will vary with the power factor.

At 0.7, the annual fixed charge for 643 kVA at Rs. 90 isRs. 90 x 643 = Rs. 57,870

At 0.9, the annual fixed charge for 500 kVA = Rs. 90 x 500 = Rs. 45,000

O extracharge = Rs. 12,870

Now, let us assume that phase advancing equipment required to improve the power factor from
0.7 to 0.9 costs Rs. 50,000. Then, taking combined interest and depreciation at 12%, the annual
charge will be Rs. 50,000 x 0.12 = Rs. 6,000.
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Hence, the net annual saving comesto Rs. 12,870 — Rs. 6,000 = Rs. 6,870.

If, suppose, the p.f. correcting plant had cost Rs. 107,250, then interest and depreciation allow-
ance on it would be = Rs. 107,250 x 0.12 = Rs. 12,870. In that case, there would be no point in
installing such an apparatus because there would be no net saving.

It can be seen from the above example that higher the desired power factor improvement i.e.
greater the kVAR reduction, the more costly the p.f. improvement plant and hence greater the charge
on interest on capital outlay and depreciation. A point is reached, in practice, when any further
improvement in power factor costs more than the saving in the power bill. Hence, it isnecessary for
the consumer to find out the value of power factor at which his net saving will be maximum. The
value can befoundif (i) annua charge per kVA maximum demand and (ii) the cost per kVA rating of
phase advancing equipment are known.

50.26. Economical Limit of Power Factor Correction

Suppose a consumer is charged at Rs. A per
kVA maximum demand plus aflat rate per kWh.
Further, suppose that he is taking power of P kW
at apower factor of cos@,. AsshowninFig. 50.14,
hiskVA;is P/cos @, and hiskVAR, isP tan ¢,.
Suppose by installing static capacitors or synchro- & FA& KVAR,
nous capacitors, he improves his power factor to ~ R T
cos ¢, (his power consumption P remaining the ¥
same). In that case, his kVA, is  P/cos @, and
kVAR, isP tan @,.

Reduction in hiskVA maximum demand is= o, | l .
(kVA; — kVA,) = (Plcos @, — Plcos @,). Since 0 Power inlkW(P)
charge is Rs. A per kVA maximum demand, his
annual saving on thisaccount is

Fig. 50.14

= A (Plcos @, - Plcos ).
HiskVAR isreduced fromkVAR, to kVAR,, thedifference (kVAR; —kVAR,) = (Ptan ¢, — Ptan
@®,) being neutralized by the leading kVAR supplied by the phase advancer.
0 Leading kVAR supplied by phase advancer is = (P tan ¢, — Ptan @,).
If the cost per kVAR of advancing plant is Rs. B and the rate of interest and depreciation is p
percent per year, then its cost per annumis

- BP -
= 100 (Ptan @, — Ptan @,)
= C (Ptan ¢, — Ptan @,) where C = BP/100

O Netannual saving S = A (Plcos @, — P/cos @,) — C(Ptan ¢, — Ptan ¢,)
This net saving is maximum when dS/dg, = 0

:—(z :ﬁ [ A (P/cos @, — Plcos@,) — C (Ptan @, - Ptan )]
= —APs;ec<|)2tan<|)2+CPsec2<|)2
For maximum saving, dSdg, =0
0 - APsecqtan@,+CPsec’@,=0 or sing=C/A=BP/A
From this expression, ¢, and hence cos ¢, can be found. It isinteresting to note that the most
economical angle of lag @, isindependent of the original value ;.

Obviously, most economical p.f.is
cose, = \/1—Sin2 ® :\/1 ~(CIA)? :\/1 ~(BP/100 A)?
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Example 50.61. A 3-phase, 50-Hz, 3,000-V motor develops 600 h.p. (447.6 kW), the power
factor being 0.75 lagging and the efficiency 0.93. A bank of capacitorsis connected in delta across
the supply terminals and power factor raised to 0.95 lagging. Each of the capacitance unitsis built
of five similar 600-V capacitors. Determine capacitance of each capacitor. (London Univ.)

Solution. Power input P = 447,600/0.93 = 480,000 W

cos@ = 0.75;¢ = cos 1 (0.75) = 41°24, cos@,= cos 1(0.95) = 18°12'.
O tan @, = tan41°24' = 0.8816, tan @, = tan 18°12' = 0.3288
Asshown in Fig. 50.14, leading VAR supplied by capacitor bank is
= P(tan ¢, - tan ¢,) = 480,000 (0.8816 — 0.3288) = 48 x 5,528
Leading VAR supplied by each of the three sets = 48 x 5,528/3 = 16 x 5,528 (i)

Phase current of capacitor is| = Y 3000 _3000
Xc  Xe  VoC
where Cisthetotal capacitancein each phase.
O VAR of each phase = VI, =3,000 x 3,000 x 314 C (i)
Equating (i) and (ii) we get, 3,000 x 3,000 x 314 C=16x 5528 [ C=31.22puF
Sinceit isthe combined capacitance of five equal capacitorsjoined in series, the capacitance of
each =5 x 31.22 = 156 pF.

Example 50.62. A synchronous motor having a power consumption of 50 kW is connected in
parallel with aload of 200 kW having a lagging power factor of 0.8. If the combined load hasa p.f.
of 0.9, what is the val ue of leading reactive kVA supplied by the motor and at what p.f. isit working?

(I.E.E. London)

Solution. Let @ = p.f.angleof motor; @, =p.f. angleof load

@ = combined p.f. angle; @, = cos * (0.8) = 36°52'
tang, = tan36°52 =0.75; ¢ = cos ' (0.9) = 25°51"
tan@ = tan 25°51' = 0.4854
Combined power P = 200+ 50 = 250 kW
Total KVAR = Ptan @ =250 x 0.4854 = 121.1
Load kVAR = 200 x tan ¢, = 200 x 0.75 = 150
O leading kVAR supplied by synchronous motor = 150 — 121.1 = 28.9
tang, = 28.9/50; ¢ =30.1°, cos@, =0.86 (lead)

Example 50.63. A generating station supplies power to the following, lighting load 100-kW ;
an induction motor 400 h.p. (298.4 kW), power factor 0.8, efficiency, 0.92 ; arotary converter giving
100 A at 500 V at an efficiency of 0.94. What must be the power factor of the rotary converter in
order that the power factor of the supply station may be unity.

Solution. Since, lighting load hasno KVAR (unity p.f. assumed), thelagging KVAR of induction
motor are neutralized by the leading kVAR of rotary converter only,
0] Motor input = 298.4/0.92 = 324.4 kKW
motor p.f. angleq,, = cos* (0.8)=36°52 O tan@,=tan36°52' =0.75
O lagging motor kVAR = 324.4 x tan @,,= 324.4 x 0.75 = 243.3
0 leading kVAR to be supplied by rotary converter = 243.3
Rotary converter intake = 500 x 100/0.94 x 1000 = 53.2 kW

kVAR _ 2433
=222 =457
kw 53.2 >73

O @ = 77°40 or cos @= 0.214 (leading)

=3,000x314C

tang =




Tariffs and Economic Considerations 1995

Example50.64. A factory has an average annual demand of 50 kW and an annual |oad factor
of 0.5. The power factor is0.75 lagging. Thetariff isRs. 100 per kVA maximum demand per annum
plusfive paise per kWh. If loss-free capacitors costing Rs. 600 per kVAR are to be utilized, find the
value of the power factor at which maximum saving will result. The interest and depreciation
together amount to ten per cent. Also, deter mine the saving affected by improving the power factor to
this value. (Electrical Technology ; M.S. Univ. Baroda)

Solution. The most economical power factor angleisgiven by sing=C/A

C=10%of Rs.600=Rs. 60, A =Rs. 100 [ sin @=60/100= 0.6

@= sin *(0.6) = 36°52' ; New p.f. = cos 36°52' = 0.8

The net annual saving due to improving in power factor can be found as follows :

Max. demand = 50/0.5 = 100 kW

At load p.f. of 0.75, maximum demand of 100 kW represents 100/0.75 = 400/3 KVA maximum
demand.

At load p.f. of 0.8, 100 kW represent 100/0.8=125 kVA maximum demand.
Max. kVA demand charge
At 0.75 p.f. Rs. 100 x 400/3 = Rs. 13,333.3
At 0.8 p.f. Rs. 100 x 125 = Rs. 12,500
Annual saving = Rs. (13,333.3 - 12,500) = Rs. 838.3
Example50.65. For increasing the KW capacity of a plant working at 0.7 lag p.f. the necessary
increase of power can be obtained by raising the p.f. to 0.85 or by installing additional plant. What

is the maximum cost per kVA of p.f. correction apparatus to make its use more economical than
additional plant at Rs. 500 kVA ? (Gen. Protect. and Switchgear, Madras Univ.)

Solution. Let kVA, betheinitial capacity of the plant and kVA, itsincreased capacity with extra
or additional plant. As seen from Fig. 50.15.

KVA, cos@, = kVA,cos@

0 kVA, = kVA, x cos@/cos @
kVA, x 0.85/0.7 = (17/14) kVA,
kVA of the additional plant kVA, — kVA = (17/14) KVA | — KVA = (3/14) kVA,
Capital cost of additional plant = Rs. (500 x 3/14) kVA ;= Rs. (750/7) kVA
Now, cos@, = 0.7, =45°34" ; sinp,=0.714

cos@, = 0.85, ¢,=318°;sin@,=0.527

0O kVAR supplied by p.f. correction apparatus

= (kVA,sin@, —kVAlsing) = (ﬁ x 0.714KVA, —KVA; x 0-527) = 0.34kVA,

If the capital cost of the p.f. correction apparatus be Rs. x per kVAR, the total cost is = 0.34x
KVA,.

If the annual cost of the additional plant isto be the same as that of the p.f. correction apparatus
(assuming same annual interest and depreciation), then

(750/7) KVA, =0.34x kVA, x=Rs. 315.2

If p.f. correction apparatusisloss-free, thenitskVAR = kVA. Hence, the maximum cost per kVA

of p.f. correction apparatus that can be paid is Rs. 315.2.
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Example50.66. A consumer taking a steady load of 160
kWat a p.f. of 0.8 lag ischarged at Rs. 80 per annumper kVA of
maxi mum demand plus 5 paise per kWh consumed.  Calculate
the value to which he should improve the p.f. in order to affect
the maximum saving if the leading kVA cost Rs.100 per kVA
and interest and depreciation be at 12% per annum.
Calculate also the saving.

(Electrical Technology ; Gujarat Univ.)

Solution. With reference to Art. 50.26, C = BP/100 = 12
x 100/100=12,A =80

Most economical p.f. cos@, = /1- (BP/100A)?
= 1-(12/80)

= 0.9887 (lag) Fig. 50.15

Since load remains steady, maximum load is also 160 kW.

At load p.f. of 0.8, maximum load of 160 kW represents 160/0.8 = 200 kVA.

Similarly, at 0.9887 p.f., it represents 160/0.9887 = 162 kVA.

Max. kVA demand charge at 0.8 p.f. = Rs. 80 x 200 = Rs. 16000

Max. kVA demand charge at 0.9887 p.f. = Rs. 80 x 162 = Rs. 12,960

0 annua saving = Rs. (16,000 — 12,960) = Rs. 3,040.

Example50.67. A consumer takes a steady load of 1500 kW at a p.f. of 0.71 lagging and pays
Rs. 50 per annum per kVA of maximum demand. Phase advancing plant costs Rs. 80 per kVA. Deter -

mine the capacity of the phase advancing plant required for minimum overall annual expenditure.
Interest and depreciation total 10%. What will be the value of the new power factor of the supply?

(Electrical Power-111, Bangalore Univ.)
Solution. Minimum overall annual expenditure corresponds to most economical power factor

givenby cos@,= 4/1- (BP/lOOA)2 as shown in Art. 50.26.

Now, B = 80, P=10, A=50005@%,= \/1- (80 x10/100 x50)° =0.987
Now, cos@, = 0.71, ¢, =44.7°
tan @ = 0.9896; cosp,=0.987. @,=9.2°, tan ¢, = 0.162

kVA supplied by phase advancing plant = P (tan ¢, - tan ¢,) = 1500 ( 0.9896 - 0.162) = 1240.

Example 50.68. A factory takes a load of 200 kW at 0.85 p.f. (lagging) for 2,500 hours per
annum and buys energy on tariff of Rs. 150 per kVA plus 6 paise per kwh consumed. If the power
factor is improved to 0.9 lagging by means of capacitors costing Rs. 525 per kVA and having a
power loss of 100 W per kVA, cal cul atethe annual saving affected by their use. Allow 8% per annum
for interest and depreciation on the capacitors.

Solution. Factory load = 200 kW

cos@ = 0.85(lagging)

O o, cos * (0.85) = 31°48' tan ¢,= 0.62

O lagging kVAR of factory load = 0.62 x 200 = 124

(or first find total kVA = 200/0.85 and then multiply it by sin @, to get kVAR)

Suppose, x = capacitor'skVAR (leading), Total KVAR = 124 — x

Because loss per kVA is100 W i.e., 1/10 kW per kVA
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O capacitor'sloss = x/10kwW

O Total KW = 200 + (x/10)

Now, overdl pf. = cos@=0.9 0O ¢ =25°51' [ tan2551 =0.4845
total KVAR _  124-x

Cogt per annum before improvement
kVA = 200/0.85 = 235.3 Units consumed per annum = 200 x 2500 = 5 x 10° kWh
O annual cost = Rs. (235.3 x 150 + 5 x 105 x 6/100) = Rs. 65,295
Cogt per annum after improvement
kVA = 200/0.9 = 222.2, Cost = Rs. 222.2 x 150 = Rs. 33,330
Cost of energy = Rs. 5 x 10° x 6/100 = Rs. 30,000 (asbefore)
25.9x 100 x 2500 % 6

Cost of losses occuring in capacitors = Rs. 1000x100 =Rs. 389

Annual interest and depreciation cost on capacitors =Rs. 525 x 25.9 x 8/100 = Rs. 1088
O total annual cost is = Rs. (33,330 + 30,000 + 389 + 1088) = Rs. 64,807
0 annua saving = Rs. (65,295 - 64,807) = Rs. 488.

Example 50.69. A 30 h.p. (22.38 kW) induction motor is supplied with energy on a two-part
tariff of Rs. 60 per kVA of maximum demand per annum plus 5 paise per unit. Motor (A) has an
efficiency of 89% and a power factor of 0.83. Motor (B) with an efficiency of 90% and a p.f. of 0.91
costs Rs. 160 more. With motor (A) the p.f. would be raised to 0.91 (lagging) by installing capacitors
at a cost Rs. 50 per kVA.

If the service required from the motor is equivalent to 2,280 hr. per annumat full load, compare
the annual charges in the two cases. Assume interest and depreciation charges to be % per annum
for the motor and 8% per annum for the capacitors.

Solution. For Motor A

Full-load motor input = 22.38 x 10%0.89 = 25.14 kW ; kVA = 25.14/0.83 = 30.29

Now, when p.f. israised to 0.91, then kVA demand of motor = 25.14/0.91 = 27.6

Annual cost of energy supplied to motor = 27.6 x 60 + (25.14 x 2,280 x 5/100)

= 1,656 + 2,866 = Rs. 4,522
By using capacitors, the phase angle of load isdecreased from ¢, (cos @, = 0.83) to @, (cos @, = 0.91).
kVAR necessary for thisimprovement = load kW (tan @, — tan @,)
= 25.14 (0.672 - 0.4557) = 5.439
Annual chargeson capacitors = Rs. 50 x 5.439 x 8/100 = Rs. 21.8
Total charges per annum including interest and depreciation on motor
= Rs. (4,522 + 21.8) = Rs. 4,544,

For Motor B

F.L. motor input = 22.38/0.9 = 24.86 kW ; kVA =24.86/0.91 = 27.32

Annual cost of energy supplied to motor = 27.32 x 60 + (24.86 x 2280 x 5/100) = Rs. 4,473

If we do not include theinterest and depreciation on the motor itself, then B is cheaper than A by
Rs. (4544 - 4473) i.e., by Rs. 71. But B cost Rs. 160 morethan A. Hence, additional annual charges
onB are % of Rs. 160i.e., Rs. 20. Hence, B is cheaper than A by Rs. (71 - 20) = Rs. 51 per annum.

Example 50.70. The motor of a 22.5 kW condensate pump has been burnt beyond economical
repairs. Two alternatives have been proposed to replace it by

Motor A. Cost = Rs. 6000 ; n at full-load=90% ; at half-load = 86%.

Motor B. Cost = Rs. 4000 ; n at full-load=85% ; at half-load= 82%.
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The life of each motor is 20 years and its salvage value is 10% of the initial cost. The rate of
interest is 5% annually. The motor operates at full-load for 25% of the time and at half-load for the
remaining period. The annual maintenance cost of motor A isRs. 420 and that of motor B isRs. 240.
The energy rate is 10 paise per kWh.

Which motor will you recommend ? (Power Plant Engg., AMIE)

Solution. Motor A

Annual interest on capital cost = Rs. 6000 x 5/100 = Rs. 300
original cost-salvage value

life of motor in years

S 6000 — (6000 x10/100)
20

Annual depreciation charges =

=R =Rs. 270

Annual maintenancecost = Rs. 420
Energy input per annum = 22.5x% 0.022 x 8760 + 11.25 x g;g x 8760 =1,40,695 KWh
Annual energy cost = Rs. 0.1 x 1,40,695 = Rs. 14,069

Total annual cost = Rs. (300 + 270 + 420 + 14,069) = Rs. 15,059

Motor B

Annual interest on capital cost = Rs. 4000 x 5/100 = Rs. 200

Rs 4000 — (4000 x10/100) _
' 20

Rs. 180

Annual depreciation charges =

Annual maintenance charges = Rs. 240
225x0.25x8760  11.25x0.75 x8760

E i = =1,48,108 kWh
nergy Input per annum 0.85 + 0.82

Annual energy cost Rs. 0.1 x 1,48,108 = Rs. 14,811
Total annual cost Rs. (200 + 180 + 240 + 14,811) = Rs. 15,431
Since the annual cost of Motor B isRs. (15431 - 15059) = Rs. 372 more than that of Motor A,
hence motor A would be recommended.

Example50.71. Anindustrial load takes 10° kWh a year, the power factor being 0.707 lagging.
The maximum demand is 500 kVA. The tariff is Rs. 75 per annum per kVA maximum demand plus
3 paise per unit. Calculate the yearly cost of supply and find the annual saving in cost by installing
phase advancing plant costing Rs. 45 per kVA which raises the plant power factor from0.707 to 0.9
lagging. Allow 10% per annum on the cost of the phase advancing plant to cover all additional costs.

Solution. Max. demand charge per annum = Rs. 500 x 75 = Rs. 37,500

Annual energy charges = Rs. 10° x 3/100 = Rs. 30,000

0 vyearlycostof supply = Rs. (37,500 + 30,000) = Rs. 67,500

Now, when p.f. is increased from 0.707 to 0.9, then maximum kVA demand is reduced to
500 x 0.707/0.9 = 392.8.

Now, annual cost of the supply = Rs. 75 x 392.8 + Rs. 30,000
= 29,460 + 30,000 = Rs. 59,460
kVAR to be supplied by the phase-advancing plant for improving the p.f. from 0.707 t0 0.9 = kW
demand (tan ¢, — tan @,) where @, = cos* (0.707) and Q= cos* (0.9).
O kVAR = 500 x 0.707 x 0.516 = 182.4
Annual cost by way of interest and depreciation etc. on the phase advancing plant
= Rs. 1824 x45x0.1=Rs. 821
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Theannual saving would be dueto reduction in the maximum demand charge only because units
consumed remain the same throughout.

O vyearly saving = initial charges for kVA — (new charges for kVA + annual cost of phase
advancer) = 67,500 - (59,460 + 821) = Rs. 7,219.

Example 50.72. It is necessary to choose a transformer to supply a load which varies over 24
hour period in the manner given below :

500 kVA for 4 hours, 1000 kVA for 6 hours, 1500 kVA for 12 hoursand 2000 kVA for the rest of
the period.

Two transformers each rated at 1500 kVA have been quoted. Transformer | has iron loss of
2.7 kW and full-load copper loss of 8.1 kW while transformer |1 hasan iron loss and full-load copper
loss of 5.4 kW each.
(i) Calculate the annual cost of supplying losses for each transformer if electrical energy costs
10 paise per kwh.
(if) Determine which transformer should be chosen if the capital cost of the transformer | is
Rs. 1000 more than that of the transformer 11 and annual charges of interest and deprecia-
tion are 10%.

(iif) What difference in capital cost will reverse the decision madein (ii) above ?
(Utilisation of Elect. Power AMIE)
Solution. (i) Transformer No. 1
Iron loss/day = 2.7%x24=64.8kW
Culoss/day 8.1 (500/1500)% x 4 + 8.1 x (1000/1500)% x 6 + 8.1 x (1500/1500)°
x 12 + 8.1 x (2000/1500)* x 2 = 151.2 KWh
Annual energy loss 365 (64.8 + 151.2) = 78,840 kWh
Annual cost of both losses = Rs. 0.1 x 78,840 = Rs. 7884
Transformer No. 2
Iron loss/day
Cu loss/day

5.4 x 24 =129.6 kWh
5.4 (500/1500) x 4 + 5.4 (1000/1500)? x 6 + 5.4 (1500/1500)° x 12
+ 5.4 (2000/1500)° x 2 = 100.8 kWh
Annual energy loss 365 (129.6 + 100.8) = 84,096 kWh
Annual cost of both losses = Rs. 0.1 x 84,096 = Rs. 8410
(if) Sincethe cost of transformer No. 1 is Rs. 1000 more than that of transformer No. 2, extra
annual charge in case transformer No. 1 is selected = Rs. 1000 x 10/100 = Rs. 100
Annual saving in energy cost due to losses = Rs. (8410 — 7884) = Rs. 526
Since the annual saving in the energy cost of supplying losses is much than the extra annual
charges due to the higher cost of the transformer No. 1, therefore transformer No. 1 will be selected.
(iif) Transformer No. 2 would be chosen in case annual charges due to extra capital cost of
transformer No. 1 exceed the annual saving on the energy cost of supplying losses.
If x isthe extra capital cost of transformer No. 1, then transformer No. 2 could be selected if
x x 10/100 > 526 or x > Rs. 5260
Example 50.73. Three-phase 50-Hz power is supplied to a mill, the voltage being stepped
down to 460-V before use.
The monthly power rateis 7.50 per kVA. It isfound that the average power factor is0.745 while
the monthly demand is611 kVA.
To improve power factor, 210 kVA capacitors are installed in which there is negligible power
loss. The installed cost of the equipment is Rs. 11,600 and fixed charges are estimated at 15% per
year. What is the yearly saving introduced by the capacitors.
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Solution.  Monthly demand = 611kVA ; p.f.=0.745
@ = cos (0.745) = 41°5 [ sin = sin 41°5 = 0.667

O kW component = kVA cos@= 611 x 0.745 = 455

kVAR component = kVA sin ¢ =611 x 0.667 = 408 (lagging)
leading kVAR supplied by capacitor =210
Hence, kVAR &fter p.f. improvement = 408 — 210 = 198
O KVA after pf.improvement= /4557 +198° =491

ReductioninkVA = 611 - 491 =120
Hence, monthly saving on kVA charge = Rs. 120 x 7.5 = Rs. 900
Yearly saving on kVA charge Rs. 12 x 900 = Rs. 10,800

Capital cost on capacitors = Rs. 11,600
Fixed charge per annum = Rs. 0.15 % 11,600 = Rs, 1,740

Hence, net saving per annum Rs. (10,800 - 1,740) = Rs. 9,060

Example 50.74. A supply undertaking is offering the following two tariffs to prospective
customers :
Tariff A :  Lighting : 20 paise per unit; domestic power: 5 paise per unit, meter rent: 30 paise
per meter per month.
Tariff B : 12 per cent on the rateable val ue of the customer's premises plus 3 paise per unit for
all purposes.
If the annual rateable value of the customer's premisesis Rs. 2,500 and his normal consumption
for lighting per month is40 units, deter mine what amount of domestic power consumption will make
both the tariffs equally advantageous.

Solution. Let X = minimum number of power units consumed per month.
Tariff A

Total cost per month = meter rent + lighting charges + power charges
(2 x 30) + (40 x 20) + 5x = 860 + 5x paise

Tariff B
Total cost per month

12% of 2500 + energy charges for all purposes
0.12 x 2500 x 100/12 + 3(40 + x)
O 860 + 5x 2500+120+3x 0O 2x=1760 O x=2880units

Example 50.75. Transformers and low-tension motors of a certain size can be purchased at
Rs. 12 per kVA of full output and Rs. 24 per KW output respectively. If their respectiveefficienciesare
98% and 90%, what price per KW output could be paid for high-tension motors of the same size but
of average efficiency only 89%? Assume an annual load factor of 30%, the cost of energy per unit as
7 paise and interest and depreciation at the rate of 8% for |ow-tension motors.

Solution. Let S = the price of h.t. motors per output KW in rupees.
Low-tension Motors with Transformers

24 x0.08
0.9

(b) Let o ap.f.or the mers and calculate their standing charges on the basis of their input
expressed in KW.

(a) Interest and depreciation on the motor input kKW = Rs. =Rs. 2.13
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x0.08 =Rs. 0.88

O interest and depreciation on transformers per input KW = Rs. 120x %9

(8,760 % 0.3) x7
(0.98x 0.9) x100

Hence, total cost of transformers and low-tension motors per input kW
2.13+0.88+208.6 = Rs. 211.6

(© Running charges = =Rs. 208.6

High Tension Motors

Standing charges/output kW = Rs. % x .12=Rs. %
: _ (@x8,760x0.3) x7 _
Running cost = 089100 =Rs. 206.7

Total cost of h.t. motors
O 12 S/89 + 206.7

(12 S/89) + 206.7.
2116 0O S=Rs 36.34 kW output.

Example50.76. Anindustrial load can be supplied on the following alter native tariffs (a) high-
voltage supply at Rs. 45 per kVA per annum plus 1.5 paise per kWh or (b) low-voltage supply at
Rs. 50 per annum plus 1.8 paise per kWh. Transformersand switchgear etc. for the H.V. supply cost
Rs. 35 per kVA, the full-load transformer losses being 2%. The fixed charges on the capital cost of
the high-voltage plant are 25% and the installation works at full-load. I there are 50 wor king weeks
inayear, find the number of working hours per week above which the H.V. supply is cheaper.

Solution. Let x be the number or working hours per week above which H.V. supply is cheaper
than the L.V. supply. Also, suppose that the load = 100 kW.

Rating of transformers and switchgear = 100/0.98=10,000/98 kW, because transformer losses
are 2%.

Cost of switchgear and transformer = (10,000/98) x 35 = Rs. 3,571.5
Annual fixed charges = 3,571.5% 0.25=Rs. 892.9
Annual energy consumption = 100 x x x 50 = 5,000 x kWh
Onthe H.V., the total kWh which will have to be paid for is 5,000 x/0.98.
(&) H.V. Supply
Total annual cost

45 x kVA + energy charges + charge on H.V. plant

100 , 15x5000x
0.98 100 0.98

Rs. 4,592 + Rs. 76.54 x + Rs. 892.9 = Rs. (5,485 + 76.54 X)

45 +Rs.892.9

(b) L.V. Supply
1.8x 5,000 x

Total annual cost 100

Rs. 50 x kVA + energy charges =50 x 100 +

Rs. (5,000 + 90 x)
If the two annual costs are to be equal, then

5,485 + 76.54 x 5,000 + 90 x
O 13.46 x 485 or x=36hr.

Hence, above 36 hours per week, the H.V. supply would be cheaper.
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Example50.77. For a particular drivein a factory requiring 10 h.p. (7.46 kW) motors, follow-
ing tenders have been received. Which one will you select ?

cost efficiency
Motor X Rs. 1,150 86%
Motor Y Rs. 1,000 85%

Electrical tariff is Rs. 50 per KW + 5 paise per kWh. Assume interest and depreciation as 10%
and that the factory works for 10 hours a day for 300 days a year.
(Electrical Engineering, Bombay Univ.)
Solution. (i) Motor X

F.L. power input = 7.46/0.86 = 8.674 kW
Units consumed/year = 8760 x 8.674 = 75,980 kWh
kW charges = Rs. 50 x 8.674 = Rs. 433.7
kWh charges = Rs. 5 x 75,980/100 = Rs. 3,799
Fixed charges = Rs. 0.1 x 1150 = Rs. 115
Total annual charges = (3,799 + 433.7 + 115) = Rs. 4,347.7
(ii) Motor Y

F.L. power input = 7.46/0.85 = 8.776 kW
units consumed/year = 8760 x 8.766 = 76,880 kWh
kW charges = Rs. 50 x 8.766 = Rs. 4388
kWh charges = Rs. 5 x 76,880/100 = Rs. 3,844
Fixed charges = Rs. 0.1 x 1000 = Rs. 100
Total annual charges = (438.8 + 3,844 + 100) = Rs. 4,382.8
Obviously, motor X is cheaper by Rs. (4,382.8 x 4,347.7) = Rs 35.1

Example50.78. A 200-h p. (149.2 KW) motor isrequired to operate at full-load for 1500 hr, at
half-load for 3000 hr per year and to be shut down for the remainder of the time. Two motors are
available.

Motor A : efficiency at full load = 90% ; at half-load = 88%
Motor B : efficiency at full load = 90% ; at half-load = 89%

The unit of energy is 5 paise/lkWh and interest and depreciation may be taken as 12 per cent per
year. If motor A cost Rs. 9,000 ; what is the maximum price which could economically be paid for

motor B ? (Electrical Power-II, Bombay Univ.)
Solution. (a) Motor A
F.L. power input = 149.2/0.9 = 165.8 kW
Half-load power input = (149.2/2)/0.88 = 84.7kwW
Total energy consumed per year = (1500 x 165.8) + (3000 x 84.7) = 502,800 kWh
Cost of energy = Rs. 5x502,800/100= Rs. 25,140
Interest and depreciation on motor = Rs. 0.12 x 9000 = Rs. 1,080
Total charge = Rs. 25,140 + Rs. 1,080 = Rs. 26,220
(b) Motor B

F.L. input = 149.2/0.9 = 165.8 kW : Half-load input = (149.2/2)/0.89 = 83.8 kW
Total energy consumed per year (1500 x 165.8) + (3000 x 83.8) = 497,100 kWh
Cost of energy consumed Rs. 5 x 497,100/100 = Rs. 24,855
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Let x be the maximum price which could be paid for motor B.

Annual interest and depreciation Rs. 0.12 x

annual charges Rs. (24,855 + 0.12x)

For the two charges to be equal 24,855 + 0.12x = 26,220 ; x = Rs. 11,375

Example 50.79. Two tenders A and B for a 1000-kVA, 0.8 power factor transformer are : A,
full-load efficiency = 98.5% and iron loss = 6 kW at rated voltage ; B, 98.8% and iron loss 4 kW but
costs Rs. 1,500 more than A. The load cycleis 2000 hours per annum at full-load, 600 hours at half-
load and 400 hours at 25 kVA. Annual charges for interest and depreciation are 12.5% of capital
cost and energy costs 3 paise per kWh. Which tender is better and what would be the annual saving.

Solution. Tender A Transformer full-load output = 1000 x 0.8 = 800 kW

Efficiency 98.5% Input = 800/0.985

Total losses (800/0.985) — 800 =12.2 kW ; FL. Culosses=12.2 - 6 = 6.2 kW
Total losses per year for arunning period of 3000 hr. are—

(i) Ironloss = 3,000 x 6 = 18,000 kWh

(if) FL. Culossesfor 2000 hours = 2,000 x 6.2 = 12,400 kWh

(iii) Culoss at half-load for 600 hours = 711 x 6.2 x 600 = 930 kWh

2
(iv) Culossat 25 kVA load for 400 hours = (%) x6.2x400 =15kWh

Total energy loss per year = 18,000 + 12,400 + 930 + 1.5 = 31,332 kWh

Cost = Rs. 31,332 x 3/100 = Rs. 939.96

Tender B.

Total loss of transformer = (800/0.988) — 800 = 9.7 kW

Iron loss = 4KkW ; Full-load Culoss=9.7 - 4=5.7 kW

Total losses for 3,000 hours per year are asfollows:
(i) lronloss = 3,000 x 4 = 12,000 kWh
(if) FEL. Culossfor 2000 hours = 5.7 x 2000 = 11,400 kWh
(iif) Culoss at half-load for 600 hours = (5.7/4) x 600 = 855 kWh
(iv) Culossat 25 kVA for 400 hours = (25/1000)° x 5.7 x 400 = 1.4 kWh
Total yearly loss 12,000 + 11,400 + 855 + 1.4 = 24,256 kWh
Cost Rs. 24,256 x 3/100 = Rs. 727.68 ; Extracost of B = Rs. 1500
Annual interest and depreciation etc. = 12.5% or 1500 = Rs. 187.50
O yearly cost of B = Rs. 727.68 + Rs. 187.50 = Rs. 915.18
Obviougly, tender B is cheaper by Rs. (939.96 — 915.18 ) = Rs. 24.78 annually.
Example50.80. Transformer A hasiron loss of 150 kWh and |oad loss of 140 kWh daily while
the corresponding losses of transformer B are 75 kWh and 235 kWh. If annual charges are 12.5% of

the capital costs and energy costs 5 paise per kWh, what should be the difference in the cost of the
two transformers so as to make them equally economical ?

Solution. Transformer A

Yearly loss

365 x (150 + 140) = 365 x 290 kWh
Transformer B

Yearly loss

365 x (75 + 235) = 365 x 310 kWh



2004  Electrical Technology

Differencein yearly loss
Value of thisloss

365 (310 — 290) = 7,300 kWh
Rs. 7,300 x 5/100 = Rs. 365

Hence, transformer B has greater |osses per year and soiscostlier by Rs. 365. If itisto beequally
advantageous, then let it cost Rs. x lessthan A. Annual interest and depreciation onitisRs. 0.125 x.

0 0.125x
or X

365
Rs. 2,920

Hence, transformer B should cost Rs. 2,920 lessthan A.
Example 50.81. Quotations received from three sources for transformers are :

Price No-load loss Full-load loss
A Rs. 41,000 16 kw 50 kW
B Rs. 45,000 14 KW 45 kw
C Rs. 38,000 19 kw 60 KW

If the transformers are kept energized for the whole of day (24 hours), but will be on load for 12
hours per day, the remaining period on no-load, the electricity cost being 5 paise per kWh and fixed
charges Rs. 125 per kW of loss per annum and if depreciation is 10% of theinitial cost, which of the
transformers would be most economical to purchase ?

Solution. Transformer A
F.L.loss

No-load losses

0 FL.Culoss

F.L. Culossfor 12 hours*
Iron losses for 24 hours
Total loss per day

Annual loss

Cost of thisloss

Annual fixed charges
Annual depreciation

50 kW

16 kW (this representsiron 10ss)

50 — 16 = 34 kW

12 x 34 = 408 kWh

24 x 16 = 384 kWh

408 + 384 = 792 kWh

792 x 365 kWh

Rs. 792 x 365 x 5/100 = Rs. 14,454
Rs. 125 x 50 = Rs. 6,250

Rs. 0.1 x 41,000 = Rs. 4,100

Total annual chargesfor transformer

A
Transformer B
F.L.loss
F.L.Culoss
F.L. Culosssfor 12 hours*
Total loss/day
Cost of thisloss
Fixed charges
Annual depreciation

Rs. 14,454 + Rs. 6,250 + Rs. 4,100 = Rs. 24,804

45 kW ; Iron or no-load loss = 14 kW

45 - 14 = 31 kW; Iron loss/day = 24 x 14 = 336 kWh
12 x 31 =372 kWh

708 kWh; Annual loss = 708 x 365 kWh

708 x 365 x 5/100 = Rs. 12,921

Rs. 125 x 45 = Rs. 5,625

Rs. 0.1 x 45,000 = Rs. 4,500

Total annua chargesfor transformer B

Transformer C
F.L.loss
FL.Culoss

Rs. 12,921 + Rs. 5,625 + Rs. 4,500 = Rs. 23,046

60 kW ; lronor N.L.loss= 19 kW
60 — 19 =41 kW

*  Culossis proportional to (kVA)?
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24 x 19 = 456 kWh

12 x 41 = 492 kWh

948 kWh; Annua losses = 948 x 365 kWh

Rs. 948 x 365 x 5/100 = Rs. 17,301

Fixed charges Rs. 125 x 60 = Rs. 7,500 ;

Annual depreciation Rs. 0.1 x 38,000 = Rs. 3,800

Total annual charges on transformer C = Rs. 17,301 + Rs. 7,500 + Rs. 3,800 = Rs. 28,601
Obviously, transformer B is cheaper and should be purchased.

Example. 50.82. A 37.3 kW induction motor has power factor 0.9 and efficiency 0.9 at full-
load, power factor 0.6 and efficiency 0.7 at half-load. At no-load, the current is 25% of the full-load
current and power factor 0.1. Capacitors are supplied to make the line power factor 0.8 at half-load.
With these capacitorsin circuit, find the line power factor at (i) full-load and (ii) no-load.

(Utilisation of Elect. Power, AMIE)
Solution. Full-load motor input, P, = 37.3/0.9 = 40.86 kW

Lagging KVAR drawn by the motor at full-load, kVAR, = P, tan ¢, = 40.86 tan (cos ' 0.9) =
19.79.

Half-load motor input, P, = (0.5x37.3)/0.7 = 26.27 kW
Lagging kVAR drawn by the motor at half-load,
kVAR, = P, tan @,= 26.27 tan (cos ' 0.6) = 35.02

Full-load current, I, = 37.3x10°V3V, x0.9x0.9= 26,212V,
Current at no-load, l, = 0.251,=0.25x%26,212/V| =6553/V
Motor input at no-load, P, = V3V I,cos@,= V3 x 6553 x V| x 0.1V, = 1135W = 1.135 kW
Lagging kVAR drawn by the motor at no-load, kVAR, = 1.135 tan (cos 1 0.1) = 11.293
Lagging kVAR drawn from the mains at half-load with capacitors,

KVAR,. = 26.27tan (cos ' 0.8) = 19.7
kVAR supplied by capacitors, VAR = KVAR, — KVAR,. = 35.02 - 19.7 = 15.32

kVAR drawn from the main at full-load with capacitorskVAR, . = KVAR, — kVAR. =
19.79 - 15.32 = 4.47.
(i) Line power factor at full-load = cos (tan " kVAR,./P,) = cos (tan " 4.47/40.86) = 0.994
lagging
(if) kVAR drawn from mains at no-load with capacitors = 11.293 — 15.32 = - 4.027
Line power factor at no-load = cos (tan'1 —4.027/1.135) = cos (—74.26°)
= 0.271 leading.

Iron lossfor 24 hr.
F.L. Culossfor 12 hr
Total losses per day
Cost of these losses

Tutorial Problem No. 50.3

1. A power plant is working at its maximum kVVA capacity with alagging p.f. of 0.7. It is now re-
quired to increase its kW capacity to meet the demand of additional load. This can be done by
raising the p.f. to 0.85 by correction apparatus or by installing extra generating plant which costs
Rs. 800 per kVVA. Find the minimum cost per kVA of p.f. apparatus to make its use more economi-
cal than the additional generating plant. [Rs. 502 per kVAR]

2. Anindustrial load of 4 MW is supplied at 11 kV, the p.f. being 0.8 lag. A synchronous motor is
required to meet additional load of 1500 h.p. (1,119 kW) and at the same time to rai se the resultant
p.f. to 0.95 lag. Find the kVA capacity of the motor and the p.f. at which it must operate. The
efficiency of the motor is 80%. [1875 kVA ; 0.7466 (lead)]
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A factory takesaload of 300 kW at 0.8 p.f. lag for 4800 hours per annum and buys energy at atariff
of Rs. 100 per kVA plus 3 p/kWh consumed. If p.f. isimproved to 0.9 (lag) by means of capacitors
costing Rs. 200 per kVA and having a power loss of 50 W per kVA, calculate the annual saving
affected by their use. Allow 10% per annum for interest and depreciation of the capacitors.

[Rs. 693 per year]
The following two tenders are received in connection with the purchase of 1000-kVA transformer.
Transformer A : full-load efficiency = 98% ; core loss = 8 kW
Transformer B : full-load efficiency = 91.5% ; coreloss= 6 kW

The service needed per year is 200 hours as 1000 kVA, 1000 hours at 500 kVA and 1000 hours at
200 kVA. If the transformer A is costing Rs. 25,000, estimate the maximum price that could be
paid for transformer B. Take interest and depreciation at 10 per cent per annum and cost of energy
5 paise per kWh. Assume working at unity power factor. [Max. Price for B = Rs. 21,425]

Tenders A and B for a 1000-kVA, 0.8 p.f. transformer are:

A: full-loadn = 98.3%; coreloss=7 kW at rated voltage
B: full-loadn = 98.7%; coreloss=4kW but costs Rs. 5000 more than A.

The service needed is 1800 hours per annum at 1000 kVA, 600 hours at 600 kVA, 400 hours at
25 kVA and remaining period shut down. Take the annual charges for interest and depreciation at
12.5 per cent of capital cost and energy costs at 8 paise/kWh ; which is the better tender and what
will be annual saving ? [Tender B is cheaper by Rs. 211]

A 440-V, 50-Hz induction motor takes a line current of 45 A at a power factor of 0.8 (lagging).
Three D-connected capacitors are installed to improve the power factor to 0.95 (lagging). Calcu-
late the kVA of the capacitor bank and the capacitance of each capacitor.

[11.45 kVA ; 2.7 p F] (1.E.E. London)

A generator station supplies power to the following : lighting 100 kW; an induction motor 400 h.p.
(298.4 kW) power factor 0.8, efficiency 0.92, a rotary converter giving 100 A at 800 V at an
efficiency of 0.94. What must be the p.f. of the rotary converter in order that the p.f. of the supply
station may be unity. [0.214 leading] (C. & G. London)

A substation which is fed by a single feeder cable supplies the following loads : 1,000 kW at p.f.
0.85lagging, 1,500 kW at 0.8 lagging, 2,000 kW at 0.75 lagging : 500 kW at 0.9 leading. Find the
p.f. of the supply to the substation and the load the feeder cable could carry at unity p.f. with the
same cabl e heating. [0.84 ; 5,960 kW] (I.E.E. London)

A 3-phase synchronous motor is connected in parallel with aload of 200 kW at 0.8 p.f. (lagging)
and its excitation is adjusted until it raises the total p.f. to 0.9 (lagging). If the mechanical load on
the motor, including losses, takes 50 kW, calculate the kKVA input to the motor.

[57.8 kVA] (I.E.E. London)

A 3-phase, 3,000-V, 50-Hz motor develops 375 h.p. (223.8 kW), the p.f. being 0.75 lagging and
the efficiency 92%. A bank of capacitorsis star-connected in parallel with the motor and the total
p.f. raised to 0.9 lagging. Each phase of the capacitor bank is made up of 3 capacitors joined in
series. Determine the capacitance of each. [118 pF] (London Univ.)

For increasing the kW capacity of apower plant working at 0.7 lagging power factor, the necessary
increase in power can be obtained by raising the power factor to 0.9 or by installing additional
plant. What is the maximum cost per kVA of power factor correction apparatus to make its use
more economical than additional plant at Rs. 800 per kVA?

[Rs. 525] (Utili. of Elect. Power, AMIE)

A 340-kW, 3300-V, 50-Hz, 3f star-connected induction motor has full-load efficiency of 85% and
power factor of 0.8 lagging. It is desired to improve power factor to 0.96 lagging by using a bank
of three capacitors. Calculate
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(i) thekVA rating of the capacitor bank,
(if) the capacitance of each limb of the capacitor bank connected in delta,

(iif) the capacitance of each capacitor, if each one of the limbs of the delta-connected capacitor
bank is formed by using 6 similar 3300-V capacitors.

[(i) 183.33 KVAR (ii) 17,86 WF (iii) 2.977 uF] (Util. of Elect. Power, AMIE)

A system isworking at its maximum kVA capacity with alagging power factor of 0.71. An antici-
pated increase of load could be met by

(i) raising the power factor of the system to 0.87 by the installation of phase advancers,
(if) installing extra generating plant, cables etc. to meet the increased power demand.

Estimate the limiting cost per kVA of phase advancing plant which would justify its useif the cost
for generating plant is Rs. 60 per kVA. Interest and depreciation charges may be assumed to be 1%

in each case. [Rs. 36.5] (Util. of Elect. Power, AMIE)
A consumer requires an induction motor of 36.775 kW. He is offered two motors of the following
specifications :

Motor A :  efficiency 88% and p.f. = 0.9 Motor B : efficiency 90% and p.f. = 0.81

The consumer isbeing charged on atwo-part tariff of Rs. 70 per k\VVA of the maximum demand plus
5 paise per unit. The motor (B) power factor israised to 0.89 by installing capacitors. The motor B
costs Rs. 150 less than A.

The cost of capacitor is Rs.60 per kVAR. Determine which motor is more economical and by how
much. Assume rate of interest and depreciation as 10% and working hours of motors as 2400 hours
inayear. [Motor B, Rs. 111.10] (Power Systems-II, AMIE)
A 250-V, 7.46 kW motor is to be selected for a workshop from two motors A and B. The cost of
each motor is same but the losses at full load are different as given below :

Motor A Motor B
Stray loss 1000 W 900 W
Shunt field loss 250 W 200 W
Armature copper loss 300 W 450 W
The motor has to work on full-load for 8 hours, half-load for 4 hours and quarter load for 4 hours
each day. Which motor should be selected ? [Motor B] (Util. of Elect. Power AMIE)
What is load duration curve? (Anna University, April 2002)
How will you classify loads? (Anna Univergity, April 2002)
Why should there be diversity? (Anna Univergity, April 2002)
Define load factor. (Anna University, April 2002)
What is M.D.? (Anna University, April 2002)

Distinguish between a base load plant and a peak load plant. (Anna University, April 2002)

OBJECTIVE TESTS - 50

1. Whilecaculating the cost of electric power gen- (c) average maximum demand over adefinite
eration, which of thefollowingisNOT consid- interval of time during a certain period.
ered afixed cost ? (d) average power demand during an interval
(a) interest on capital investment of 1-minute.

(b) taxesand insurance 3. A diversity factor of 2.5 gives a saving of
() most of thesalariesandwages ... percent in the generating equipment.
(d) repair and maintenance. (a) 60

2. Maximum demand of an installation is given (b) 50
by its (©) 40
(a) instantaneous maximum demand (d) 25.

(b) greatest average power demand
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Mark the WRONG statement.

High load factor of a generating equipment

(a) leadsto lesser charges per KWh

(b) implieslower diversity in demand

(c) gives more profit to the owner

(d) can be obtained by accepting off-peak
loads.

In agenerating station, fixed, charges at 100%

load factor are 6 paise/lkWh. With 25% load

factor, the charges would become ...............
paise/kWh.

(@ 15

(b) 10

(o 24

(d) 3

When considering the economics of power

transmission, Kelvin's law is used for finding

the

(a) cost of energy loss in bare conductors

(b) most economical cross-section of the con
ductors

(c) interest on capital cost of the con- ductor

(d) the maximum voltage drop in feeders.

A 3-phase balanced system working at 0.9

lagging power factor has a line loss of 3600

kW. If p.f. isreduced to 0.6, thelinelosswould

become ......ccccooeveeeene KW.

(a) 8100

(b) 1600

(c) 5400

(d) 2400.

Mark the WRONG statement.

While considering power factor improve- ment,

the most economical angle of lag depends on

the

(a) cost/kVA rating of phase advancer

(b) rate of interest on capital outlay

(c) rateof depreciation

(d) valueof original lagging p.f. angle.

Load factor of a power station is defined as

(@) maximum demand / average load

(b) average load x maximum demand

(c) average load / maximum demand )

(d) (average load x maximum demand)/2

Load factor of a power station is generaly

(a) equa to unity

(b) less than unity

(c) more than unity

(d) equa to zero

1.

12.

13.

14.

15.

16.

17.

18.

19.

Diversity factor is always

(a) equa to unity

(b) less than unity

() more than unity

(e) more than twenty

Load factor for heavy industries may be taken

as

(a) 10 to 20%

(b) 25 to 40%

(c) 50 to 70%

(d) 70 to 80%

The load factor of domestic load is usually

(a) 10 to 15%

(b) 30 to 40%

(c) 50 to 60%

(d) 60 to 70%

Annual depreciation cost is calculated by

(a) sinking fund method

(b) straight line method

(c) both (a) and (b)

(d) none of the above

Depreciation charges are high in case of

(a) therma plant

(b) diesel plant

(c) hydroelectric plant

Demand factor is defined as

(a) average load/maximum load

(b) maximum demand/connected |oad

(c) connected load/maximum demand

(d) average load x maximum load

High load factor indicates

(a) cost of generation per unit power is
increased

(b) total plant capacity is utilised for most of
the time

(c) total plant capacity is not properly
utilised for most of the time

(d) none of the above

A load curve indicates

(a) average power used during the period

(b) average kWh (kW) energy consumption
during the period

(c) either of the above

(d) none of the above

Approximate estimation of power demand can

be made by

(a) load survey method

(b) statistica methods

() mathematical method

(d) economic parameters

(e) dl of the above
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Annua depreciation as per straight line method,

is caculated by

(a) thecapital cost divided by number of year
of life

(b) the capital cost minus the salvage value,
is divided by the number of years of life

(¢) increasing a uniform sum of money per
annum at stipulated rate of interest

(d) none of the above

A consumer has to pay lesser fixed chargesin

(a) flat rate tariff

(b) two part tariff

(¢) maximum demand tariff

(d) any of the above

In two part tariff, variation in load factor will

affect

(a) fixed charges

(b) operating or running charges

(c) both (a) and (b)

(d) either (a) & (b)

In Hopkinson demand rate or two part tariff

the demand rate for fixed charges are

(a) dependent upon the energy consumed

(b) dependent upon the maximum demand of
the consumer

(c) both (a) and (b)

(d) neither (a) and (b)

Which plant can never have 100 percent load

factor?

(a) Peak load plant

(b) Base load plant

() Nuclear power plant

(d) Hydro electric plant

The area under a load curve gives

(a) average demand

(b) energy consumed

(¢) maximum demand

(d) none of the above

Different generating stations use following

prime movers

(a) diesdl engine

(b) hydraulic turbine

(c) gas turbine

(d) steam turbine

(e) any of the above

Diversity factor has direct effect on the

(a) fixed cost of unit generated

(b) running cost of unit generated

(c) both (a) and (b)

(d) neither (& nor (b)

28.
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Following power plant has instant starting

() nuclear power plant

(b) hydro power plant

(c) both (a) and (b)

(d) none of the above

Which of the following generating station has

minimum running cost?

(@) Nuclear

(b) Hydro

() Thermal

(d) Diesdl

Power plant having maximum demand more

than the installed rated capacity will have

utilisation factor

(a) equa to unity

(b) less than unity

(c) more than unity

(d) none of the above

Load curve is useful in deciding the

(a) operating schedule of generating units

(b) sizes of generating units

(c) tota installed capacity of the plant

(d) dl of the above

Load curve of a power plant has always

(a) zero slope

(b) positive slope

(c) negative slope

(d) any combination of (&), (b) and (c)

Annual operating expenditure of apower plant

consists of

(a) fixed charges

(b) semi-fixed charges

(¢) running charges

(d) al of the above

Maximum demand on a power plant is

(a) the greatest of al *“‘short time interval
averaged”’ demand during a period

(b) instantaneous maximum value of kVA
supplied during a period

(c) both (@) or (b)

(d) none of the above

Annual instalment towards depreciation

reduces as rate of interest increases with

(a) sinking fund depreciation

(b) straight line depreciation

(c) reducing balances depreciation

(d) none of the above

Annual depreciation of the plant is

proportional to the earning capacity of the plant

vide
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(@) sinking fund depreaciation

(b) straight line depreciation

(c) reducing balances depreciation

(d) none of the above

For high value of diversity factor, a power

station of given installed capacity will be in

a position to supply

(@) less number of consumers

(b) more number of consumers

(c) neither (a) nor (b)

(d) either (a) or (b)

Salvage value of the plant is aways

(@) positive

(b) negative

(c) zero

(d) any of the above

Load curve helps in deciding

(a) total installed capacity of the plant

(b) size of the generating units

(c) operating schedule of generating units

(d) al of the above

......... can generate power at unpredictable or

uncontrolled times.

(@) Solar power plant

(b) Tidal power plant

(c) Wind power plant

(d) Any of the above

Direct conversion of heat into electric power

is possible through

(@) fue cell

(b) batteries

(c) thermionic converter

(d) al of the above

A low utilization factor for a plant indicates

that

(@) plant is used for stand by purpose only

(b) plant is under maintenance

(c) plant is used for base load only

(d) plantisused for peak load aswell as base
load

Which of the following is not a source of

power?

(@) Thermocouple

(b) Photovoltaic cell

(c) Solar cell

(d) Photoelectric cell

Which of the following should be used for

extinguishing electrical fires?

(@) Water

(b) Carbon tetrachloride fire extinguisher

45,
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(c) Foam type fire extinguisher

(d) CO, fire extinguisher

Low power factor is usually not due to

(a) arc lamps

(b) induction motors

(c) fluorescent tubes

(d) incandescent lamp

Ships are generally powered by

(a) unclear power plants

(b) hydraulic turbines

(c) diesel engines

(d) steam accumulators

() none of the above

Direct conversion of heat into electrical energy
is possible through

(a) fue cels

(b) solar cells

(c) MHD generators

(d) none of the above

Which of the following placeis not associated
with nuclear power plants in India?

(a) Narora

(b) Tarapur

() Kota

(d) Benglore

During load shedding

(a) system power factor is changed

(b) some loads are switched off

(c) system voltage is reduced

(d) system frequency is reduced

Efficiency is the secondary consideration in
which of the following plants?

(a) Base load plants

(b) Peak load plants

(c) Both () and (b)

(d) none of the above

Air will not be the working substancein which
of the following?

(a) Closed cycle gas turbine

(b) Open cycle gas turbine

(c) Diesel engine

(d) Petrol engine

A nuclear power plant is invariably used as a
(a) peak load plant

(b) base load plant

(c) stand-by plant

(d) espinning reserve plant

(e) any of the above

........ power plant is expected to have the
longest life.
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(a) Steam

(b) Diesel

(c) Hydroelectric

(d) Any of the above

....... power plant cannot have single unit of
100 MW.

(a) Hydroelectric

(b) Nuclear

(c) Steam

(d) Dised

(&) Any of the above

Which of the following, in a thermal power
plant, is not a fixed cost?

(a) Fuel cost

(b) Interest on capital

(c) Depreciation

(d) Insurance charges

....... will offer the least load.

(&) Vacuum cleaner

(b) Television

(c) Hair dryer

(d) Electric shaver

In ... fuel transportation cost is least.

(@) nuclear power plants

(b) diesel generating plants

(c) steam power stations

Which of the following equipment provides
fluctuating load?

(a) Exhaust fan

(b) Lathe machine

(c) Welding transformer

(d) All of the above

The increased load during summer months is
due to

(a) increased business activity

(b) increased water supply

(c) increased use of fans and air conditioners
(d) none of the above

....... is the reserved generating capacity
available for service under emergency
conditions which is not kept in operation but
in working order.

(a) Hot reserve

(b) Cold reserve

(¢) Spinning reserve

(d) Firm power

Generating capacity onnected to the bus bars
and ready to take load when switched on is
known as .......

(a) firm power
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(b) cold reserve

(c) hot reserve

(d) spinning reserve

....... offers the highest electric load.

(a) Television set

(b) Toaster

(c) Vacuum cleaner

(d) Washing machine

....... industry hasthe least power consumption
per tonne of product.

(a) Soap

(b) Sugar

(c) Vegetable ail

(d) Caustic soda

With reference to a power station which of the
following is not a fixed cost?

(a) Fuel cost

(b) Interest on capital

(c) Insurance changes

(d) Depreciation

....... is invariably used as base load plant.
(a) Diesel engine plant

(b) Nuclear power plant

(c) Gas turbine plant

(d) Pumped storage plant

In a power plant if the maximum demand on
the plant is equal to the plant capacity, then
(a) plant reserve capacity will be zero

(b) diversity factor will be unity

(¢) load factor will be unity

(d) load factor will be nearly 60%
Incaseof ... fuel transportation is the major
problem.

(a) diesel power plants

(b) nuclear power plants

(c) hydro-electric power plants

(d) thermal power plants

Which of the following power plants need the
least period for installation?

(@) Therma power plant

(b) Diesel power plant

(¢) Nuclear power plant

(d) Hydro-€electric power plant

For which of thefollowing power plantshighly
skilled engineers are required for running the
plants?

(@) Nuclear power plants

(b) Gas turbine power plants

(c) Solar power plants

(d) Hydro-€electric power plants
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In which of the following power plants the
maintenance cost is usualy high?

(@) Nuclear power plant

(b) Hydro-€electric power plants

(c) Therma power plants

(d) Diesel engine power plants

....... is inveriably used for pesk load

(@) Nuclear power lant

(b) Steam turbine plant

(c) Pumped storage plant

(d) None of the above

Which of the following is not an operating
cost?

(@) Maintenance cost

(b) Fuel cost

(c) Salaries of high officials

(d) Salaries of operating stall

Which of the following is the essential
requirement of peak load plant?

(a) It should run at high speed

(b) It should produce high voltage

(c) It should be small in size

(d) It should be capable of starting quickly
Large capacity generators are invariably

(a) water cooled

(b) natural air cooled

(c) forced air cooled

(d) hydrogen cooled

By the use of which of the following power
factor can be improved?

(a) Phase advancers

(b) Synchronous compensators

(c) Static capacitors

(d) Any of the above

An induction motor has relatively high power
factor at

(a) rated r.p.m.

(b) no load

(c) 20 percent load

(d) near full load

(e) none of the above

Which of the following is the disadvantage
due to low power factor?

(a) Poor voltage regulation
(b) Increased transmission losses
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(c) High cost of equipment for a given load
(d) All of the above

In a distribution system, in order to improve
power factor, the synchronous capacitors are
installed

(a) at the receiving end

(b) at the sending end

(c) either (a) or (b)

(d) none of the above

Satic capacitors are rated in terms of

(a) kw

(b) kWh

(©) kVAR

(d) none of the above

Base load plants usualy have ........ capital
cost, ....... operating cost and ........ load factor.

(a) high, high, high

(b) high, low, high

(©) low, low, low

(d) low, high, low

Which of the following is the disadvantage of

a synchronous condenser?

(a) High maintenance cost

(b) Continuous losses in motor

() Noise

(d) All of the above

For a consumer the most economical power

factor is generaly

(a) 0.5 lagging

(b) 0.5 leading

(¢) 0.95 lagging

(d) 0.95 leading

A synchronous condenser isvirtually which of
the following?

() Induction motor

(b) Underexcited synchronous motor

(c) Over excited synchronous motor

(d) D.C. generator

() None of the above

For a power plant which of the following

constitutes running cost?

(a) Cost of wages

(b) Cost of fuel

(c) Cost of lubricants

(d) All of the above
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Inaninterconnected system, the diversity factor
of the whole system

(a) remains unchanged

(b) decreases

(¢) incresses

(d) none of the above

Generators for peak load plants are usualy
designed for maximum efficienty at

(a) 25 to 50 percent full load

(b) 50 to 75 percent full load

(c) full load

(d) 25 percent overload

........ will be least affected due to charge in
supply voltage frequency.

(a) Electric clock

(b) Mixer grinder

(¢) Ceiling fan

(d) Room heater

For the same maximum demand, if load factor
is decreased, the cost generation will

(@) remain unchanged

(b) decrease

(c) increase

The connected load of adomestic consumer is
around

(@) 5kw

(b) 40 kw

(c) 80 kw

(d) 120 kw

Which of the following is not necessarily an
advantage of interconnecting various power
stations?

(a) Improved frequency of power supplied
(b) Reduction in total installed capacity

(¢) Increased reliability

(d) Economy in operation of plants

A power transformer is usualy rated in

(a) kw

(b) kKVAR

(0 kwh

(d) kVvA

....... public sector undertaking is associated
with erection and sometimes running of
thermal power plants

(@) NTPC

(b) SAIL

(o) BEL

(d) BHEL
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Most efficient plants are normally used as

(a) peak load plants

(b) base load plants

(c) either (a) or (b)

(d) none of the above

For a diesel generating station the useful life

is expected to be around

(a) 15 to 20 years

(b) 20 to 50years

(c) 50to 75 years

(d) 75 to 100 years

Which of the following is not a method for

estimating depreciation charges?

(a) Sinking fund method

(b) Straight line method

(¢) Diminishin value method

(d) Halsey's 50-50 formula

The expected useful life of an hydroelectric

power station is around

(@) 15 years

(b) 30 years

(c) 60 years

(d) 100 years

In aload curve the highest point represents

(a) pesk demand

(b) average demand

(c) diversified demand

(d) none of the above

Which of the following source of power is

least reliable?

(a) Solar energy

(b) Geothermal power

() Wind power

(d) MHD

In Indial production and distribution of

electrical energy is confined to

(a) private sector

(b) public sector

(c) government sectors

(d) joint sector

(e) none of the above

A pilot exciter is provided on generators for

which of the following reasons?

(a) To excite the poles of main exciter

(b) To provide requisite starting torque to
main exciter



2014

101.

102.

103.

104.

105.

106.

107.

108.

Electrical Technology

(c) To provide requisit starting torque to
generator

(d) None of the above

The primary reason for low power factor is

supply system is due to installation of

(a) induction motors

(b) synchronous motors

(c) single phase motors

(d) d.c. motors

an over excited synchronous motor on no-load

is known as

(a) syachronous condenser

(b) generator

(c) induction motor

(d) aternator

Which of the following is an advantage of

static capacitor for power factor improvement?

(a) Little maintenance cost

(b) Ease in installation

() Low losses

(d) All of the above

For any type of consumer the ideal tariff is

(a) two part tariff

(b) three part tariff

(c) block rate tariff

(d) any of the above

The efficiency of a plant is of least concern

when it is selected as

(a) peak load plant

(b) casual run plant

(c) either (a) or (b)

(d) base load plant

Power generation cost reduces as

(a) diversity factor increases and load factor
decreases

(b) diversity factor decreases and load factor
incresses

(c) both diversity factor aswell asload factor
decrease

(d) both diversity factor aswell asload factor
increase

The depreciation chargesin diminishing value

method are

(a) light in early years

(b) heavy in early years

(c) heavy in later years

(d) same in al years

The area under daily load curve divided by

24 hours gives

(a) average load
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(b) least load

(c) peak demand

(d) tota kWh generated

Maximum demand tariff is generally not
applied to domestic consumers because

(@) they consume less power

(b) their load factor is low

(¢) their maximum demand is low

(d) none of the above

A 130 MW generator is usudly ....... cooled
(a) ar

(b) oxygen

(c) nitrogen

(d) hydrogen

For cooling of large size generators hydrogen
is used because

(a) itislight

(b) it offers reduced fire risk

(¢) it has high thermal conductivity

(d) dl of the above

Major share of power produced in India is
through

(a) diesel power plants

(b) hydroelectric power plants

(c) therma power plants

(d) nuclear power plants

Which of the following may not be the effect
of low plant operating power factor?

(@) Improved illumination from lighting

(b) Reduced voltage level

(c) Over loaded transformers

(d) Overloaded cables

Which of the following plants is almost
inevitably used as base load plant?

(a) Diesel engine plant

(b) Gas turbine plant

(¢) Nuclear power plant

(d) Pumped storage plant

Which of the following component, in a steam
power plant, needs maximum maintenance
attention?

(a) Steam turbine

(b) Condenser

(c) Water treatment plant

(d) Bioler

For the same cylinder dimensions and speed,
which of the following engine will produce
least power?

(a) Supercharged engine

(b) Diesel engine
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(c) Petrol engine

(d) All of the above engines will equal power
The least share of power is provided in India,
by which of the following power plants?

(a) Diesel power plants

(b) Thermal power plants

(c) Hydro-€electric power plants

(d) Nuclear power plants

Submarines for under water movement, are
powered by which of the following?

(@) Steam accumulators

(b) Air motors

(c) Diesel engines

(d) Batteries

An alternator coupled to a ....... runs at slow
speed, as compared to as compared to others.
(a) diesd engine

(b) hydraulic turbine

(c) steam turbine

(d) gas turbine

The effect of electric shock on human body

depends on which of the following

(a) current

(b) voltage

(c) duration of cantact

(d) al of the above

Which lightening stroke is most dangerous?

(a) Direct stroke on line conductor

(b) Indirect stroke on conductor

(c) Direct stroke on tower top

(d) Direct stroke on ground wire

Which of the following devices may be used

to provide protection against lightening over

voltages?

(@) Horn gaps

(b) Rod gaps

(c) Surge absorbers

(d) All of the above

When the demand of consumers is not met by

a power plant, it will resort to which of the

following?

(a) Load shedding

(b) Power factor improvement at the
generators

(c) Penalising high load consumers by
increasing the charges for electricity

(d) Efficient plant operation.

Load shedding is possible through which of

the following?

(a) Switching of the loads
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(b) Freguency reduction

(c) Voltage reducteion

(d) Any of the above

In power plants insurance cover is provided

for which of the following?

(@) Unskilled workers only

(b) Skilled workers only

(¢) Equipment only

(d) All of the above

A company can raise funds through

(a) fixed deposits

(b) shares

(c) bonds

(d) any of the above

Which of the following are not repayabl e after

a stipulated period?

(a) Shares

(b) Fixed deposits

(c) Cash certificates

(d) Bonds

The knowledge of diversity factor helps in

determining

(a) plant capacity

(b) average load

(c) pesk load

(d) kWh generated

(e) none of the above

Load shedding is done to

(a) improve power factor

(b) run the equipment efficiently

(¢) repair the machine

(d) reduce peak demand

when a plant resorts to load shedding it can

be concluted that

(@) peak demand is more than the installed
capacity

(b) daily load factor is unity

(c) diversity factor is zero

(d) plant is under repairs

Which of the following is the disadvantage of

static capacitor for power factor improvement?

(a) Easily damaged by high voltage

(b) Cannot be repaired

(c) Short service life

(d) All of the above

If the tariff for electrical energy charages

provides incentive by way of reduced charges
for higher consumption, then it can be
concluede that

(a) Load factor is unity
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(b) power is generated through hydroelectric

plant

(c) plant has sufficient reserve capacity

(d) station has more than two generators
133. Anything having some heat value can be
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