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Introduction

he electrical energy produced by a power
station is delivered to alarge number of

consumers. The consumers can be per-
suaded to use electrical energy if it issold at rea-
sonable rates. The tariff i.e., the rate at which
electrica energy issold naturally becomes atten-
tion inviting for electric supply company. The
supply company has to ensure that the tariff is
such that it not only recovers the total cost of
producing electrical energy but also earns profit
on the capital investment. However, the profit
must be marginal particularly for a country like
Indiawhere el ectric supply companies come un-
der public sector and are always subject to criti-
cism. Inthischapter, we shall deal with various
types of tariff with special referencesto their ad-
vantages and disadvantages.

5.1 Tariff

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

Although tariff should include the total cost
of producing and supplying electrical energy plus
the profit, yet it cannot be the same for all types
of consumers. It is because the cost of produc-
ing electrical energy depends to a considerable
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extent upon the magnitude of electrical energy consumed by the user and hisload conditions. There-
fore, inall fairness, due consideration hasto be given to different types of consumers(e.g., industrial,
domestic and commercial) whilefixing thetariff. Thismakesthe problem of suitablerate making highly
complicated.

Objectivesof tariff. Likeother commaodities, electrical energy isalso sold at such arate so that it
not only returns the cost but also earns reasonable profit. Therefore, a tariff should include the
followingitems:

(i) Recovery of cost of producing electrical energy at the power station.

(i) Recovery of cost on the capital investment in transmission and distribution systems.

(iif) Recovery of cost of operation and maintenance of supply of electrical energy e.g., metering
equipment, billing etc.

(iv) A suitable profit on the capital investment.

5.2 Desirable Characteristics of a Tariff

A tariff must have the following desirable characteristics:

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

(i) Fairness: Thetariff must befair so that different types of consumers are satisfied with the
rate of charge of electrical energy. Thus abig consumer should be charged at alower rate
than asmall consumer. It isbecauseincreased energy consumption spreadsthefixed charges
over agreater number of units, thusreducing the overall cost of producing electrical energy.
Similarly, aconsumer whose load conditions do not deviate much from theideal (i.e., non-
variable) should be charged at a lower* rate than the one whose load conditions change
appreciably fromtheideal.

(iif) Simplicity: Thetariff should be simple so that an ordinary consumer can easily understand
it. A complicated tariff may cause an opposition from the public whichisgenerally distrust-
ful of supply companies.

(iv) Reasonableprofit: Theprofit element inthetariff should bereasonable. Anelectric supply
company isapublic utility company and generally enjoysthe benefits of monopoly. There-
fore, theinvestment isrelatively safe dueto non-competition in the market. Thiscallsfor the
profit to be restricted to 8% or so per annum.

(v) Attractive: Thetariff should be attractive so that alarge number of consumers are encour-
aged to use electrical energy. Efforts should be madeto fix the tariff in such away so that
consumers can pay easily.

5.3 Types of Tariff

There are several types of tariff. However, the following are the commonly used types of tariff :

1. Simple tariff. When thereisa fixed rate per unit of energy consumed, itiscalled a smple
tariff or uniform rate tariff.

In thistype of tariff, the price charged per unit is constant i.e., it does not vary with increase or
decrease in number of units consumed. The consumption of electrical energy at the consumer’s
terminasis recorded by means of an energy meter. Thisisthe simplest of al tariffsand is readily
understood by the consumers.

*  The cost of producing electrical energy is not same for al consumers but increases with the increasing
departure of consumer’s load conditions from theideal (i.e., constant load).
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Disadvantages
(i) Thereisno discrimination between different types of consumers since every consumer has
to pay equitably for the fixed* charges.
(i) The cost per unit delivered is high.
(iii) It does not encourage the use of electricity.
2. Flat rate tariff. When different types of consumersare charged at different uniform per unit
rates, it is called a flat rate tariff.

In thistype of tariff, the consumers are grouped into different classes and each class of consum-
ersischarged at adifferent uniformrate. For instance, theflat rate per kWh for lighting load may be
60 paise, whereasit may bedlightly lesst (say 55 paise per kWh) for power load. Thedifferent classes
of consumers are made taking into account their diversity and load factors. The advantage of such a
tariff isthat it ismorefair to different types of consumersand is quite simplein calculations.
Disadvantages

(i) Sincetheflat rate tariff varies according to the way the supply is used, separate meters are
required for lighting load, power load etc. Thismakesthe application of such atariff expen-
sive and complicated.

(i) A particular class of consumersis charged at the same rate irrespective of the magnitude of
energy consumed. However, abig consumer should be charged at alower rate asin his case
the fixed charges per unit are reduced.

3. Block rate tariff. When a given block of energy is charged at a specified rate and the

succeeding blocks of energy are charged at progressively reduced rates, it is called a block rate
tariff.

Inblock ratetariff, the energy consumptionisdivided into blocksand the price per unitisfixedin
each block. Theprice per unitinthefirst block isthe highest** anditisprogressively reduced for the
succeeding blocks of energy. For example, thefirst 30 units may be charged at the rate of 60 pai se per
unit ; the next 25 units at therate of 55 paise per unit and the remaining additional units may be charged
at the rate of 30 paise per unit.

The advantage of such atariff isthat the consumer gets an incentive to consume more el ectrical
energy. This increases the load factor of the system and hence the cost of generation is reduced.
However, itsprincipal defect isthat it lacksameasure of the consumer’sdemand. Thistypeof tariff is
being used for majority of residential and small commercial consumers.

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

Intwo-part tariff, thetotal charge to be made from the consumer issplit into two componentsviz,
fixed charges and running charges. The fixed charges depend upon the maximum demand of the
consumer while the running charges depend upon the number of units consumed by the consumer.
Thus, the consumer is charged at a certain amount per kW of maximumtt demand plus a certain
amount per kWh of energy consumed i.e.,

*  Thetotal cost of electrical energy consists of fixed chargesand running charges. The greater the number of
units consumed, the lesser thefixed chargesper unit. Therefore, aconsumer who consumes more units must
pay less fixed charges per unit.

T Theflatratefor power load isalwayslessthanlighting load. Itisbecause power load ismuch morethanthe
lighting load and, therefore, improves the load factor of the system to a great extent.

**  Generaly, fixed chargesare merged into the running chargesfor the first and second blocks of energy so that
price per unit for these blocks is high.

Tt Themaximum demand of consumer isgenerally assessed on the basis of rateable value of the premisesor on
the number of rooms or on the connected load.
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Total charges = Rs(bx kW + Ccx kWh)
where, b = chargeper kW of maximum demand
¢ = charge per kWh of energy consumed

Thistype of tariff ismostly applicableto industrial consumers who have appreciable maximum
demand.
Advantages

(i) Itiseasily understood by the consumers.

(i) It recoversthefixed chargeswhich depend upon the maximum demand of the consumer but

are independent of the units consumed.
Disadvantages

(i) Theconsumer hasto pay thefixed chargesirrespective of thefact whether he has consumed
or not consumed the electrical energy.

(i) Thereisawayserror in assessing the maximum demand of the consumer.

5. Maximum demand tariff. Itissimilar to two-part tariff with the only difference that the
maximum demand is actually measured by installing maximum demand meter in the premises of the
consumer. This removes the objection of two-part tariff where the maximum demand is assessed
merely on the basis of the rateable value. This type of tariff is mostly applied to big consumers.
However, it is not suitable for asmall consumer (e.g., residential consumer) as a separate maximum
demand meter isrequired.

6. Power factor tariff. Thetariff in which power factor of the consumer’sload is taken into
consideration is known as power factor tariff.

Inanac. system, power factor playsanimportant role. A low* power factor increasestherating
of station equipment and linelosses. Therefore, aconsumer having low power factor must be penalised.
Thefollowing aretheimportant types of power factor tariff :

(i) kVA maximumdemand tariff : Itisamodified form of two-part tariff. Inthiscase, thefixed
charges are made on the basis of maximum demand in kVA and not in KW. AskVA is
inversely proportional to power factor, therefore, aconsumer having low power factor hasto
contribute more towards the fixed charges. This type of tariff has the advantage that it
encourages the consumers to operate their appliances and machinery at improved power
factor.

(i) Sidingscaletariff: Thisisalsoknow asaverage power factor tariff. Inthiscase, anaverage
power factor, say 0-8 lagging, istaken asthereference. If the power factor of the consumer
fallsbelow thisfactor, suitable additional chargesare made. On the other hand, if the power
factor is above the reference, a discount is allowed to the consumer.

(iff) kW and kVAR tariff : In this type, both active power (kW) and reactive power (KVAR)
supplied are charged separately. A consumer having low power factor will draw more reac-
tive power and hence shall have to pay more charges.

7. Threepart tariff. When the total charge to be made from the consumer is split into three
partsviz., fixed charge, semi-fixed charge and running charge, it isknown asa three-part tariff. i.e.,
Total charge = Rs(a+ b x kW + ¢ x kWh)
where a = fixed charge made during each hilling period. It includes
interest and depreciation on the cost of secondary distribu-
tion and labour cost of collecting revenues,

b = chargeper kW of maximum demand,
¢ = charge per kWh of energy consumed.

*  See chapter on power factor improvement.
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I-t may be seen tﬂat by adding fixed charge or consumer’s charge (i.e., @) to two-part tariff, it
becomesthree-part tariff. The principal objection of thistype of tariff isthat the chargesare split into
three components. Thistype of tariff isgenerally applied to big consumers.

Power Factor Improvement

Example5.1. A consumer has a maximum demand of 200 KW at 40% |oad factor. If thetariff is
Rs. 100 per kW of maximum demand plus 10 paise per kWh, find the overall cost per kWh.

Solution.
Units consumed/year

Max. demand x L.F. x Hoursin ayear
= (200) % (0-4) x 8760="7,00,800kWh
Annual M.D. charges + Annual energy charges
Rs(100 x 200+ 0-1 % 7,00,800)
Rs90,080
90,080
7,00,800
Example 5.2. The maximum demand of a consumer is 20 A at 220 V and his total energy
consumption is 8760 kWh. |f the energy is charged at the rate of 20 paise per unit for 500 hours use
of the maximum demand per annum plus 10 paise per unit for additional units, calculate : (i)
annual bill (ii) equivalent flat rate.
Solution.
Assume the load factor and power factor to be unity.

O Maximumdemand = M=4EKW

1000
(i) Unitsconsumed in 500 hrs= 4-4 x500=2200kWh
Chargesfor 2200 kWh Rs 0-2 x 2200 = Rs440
Remaining units

8760 —2200=6560kWh

Annual charges

O Overall cost/kWh = =Re0-1285=12-85paise
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Chargesfor 6560 kWh = Rs0-1x 6560 = Rs656
O Total annual bill = Rs(440+ 656) = Rs. 1096
(ii) Equivalentflatrate = Rs% = Re0M125 = 125 paise

Example5.3. Thefollowing two tariffsare offered:

(@) Rs 100 plus 15 paise per unit ;

(b) Aflat rate of 30 paise per unit ;

At what consumption isfirst tariff economical ?

Solution.

Let x be the number of units at which charges due to both tariffs become equal. Then,
100+0:15x = 0-3x

or 015« = 100

O X 100/0-15 = 666-67 units

Therefore, tariff (a) iseconomical if consumptionismorethan 666-67 units.

Example5.4. A supply isoffered on the basis of fixed charges of Rs 30 per annum plus 3 pai se per
unit or alternatively, at the rate of 6 paise 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
the two tariffs becomes the same.

Solution. Let x (>400) be the number of unitstaken per annum for which the annual chargesdue
to both tariffs become equal.
Annual charges dueto first tariff = Rs(30+0-03x)
Annual charges due to second tariff = Rs[(0-06 x 400) + (x —400) x 0-05]

= Rs(4+0:05x)
As the charges in both cases are equal,
O 30+0:03x = 4+005x
_ 30-4 _
or X = 0M5-0m3 1300 kWh

Example 5.5. An electric supply company having a maximum load of 50 MW generates
18 x 10 units per annum and the supply consumers have an aggregate demand of 75 MW. The
annual expenses including capital charges are :

For fuel = Rs90 lakhs

Fixed charges concerning generation Rs 28 lakhs

Fixed charges concerning transmission= Rs 32 lakhs
and distribution

Assuming 90% of the fuel cost is essential to running charges and the loss in transmission and
distribution as 15% of kWh generated, deduce a two part tariff to find the actual cost of supply to the
Consumers.

Solution.
Annual fixed charges
For generation
For transmission and distribution
For fuel (10% only)
Total annual fixed charge

Rs28x 10°

Rs32x 10°

Rs0-1x 90 x 10° = Rs9 x 10°
Rs(28+32+9) x 10° = Rs69 x 10°
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This cost has to be spread over the aggregate maximum demand of all the consumers i.e.,
75MW.

R 69 x10° _

S 3 =Rs. 92
75x%10

O Cost per kW of maximum demand

Annual running charges.
Cost of fuel (90%) = Rs0-9x90x 10°=Rs81x 10°
Units delivered to consumers = 85% of units generated
= 0-85x18x 10’ =15:3x 10'kWh
This cost is to be spread over the units delivered to the consumers.
5
O Cost/kWh = R581x—107 = Re0[053 = 5.3 paise
1503 x10

O Tariff isRs92 per kW of maximum demand plus5-3 paise per kWh.

Example5.6. A generating station has a maximum demand of 75 MW and a yearly load factor
of 40%. Generating costs inclusive of station capital costs are Rs. 60 per annum per kW demand
plus 4 paise per KWh transmitted. The annual capital charges for transmission system are Rs
20,00,000 and for distribution system Rs 15,00,000 ; the respective diversity factors being 1-2 and
1-25. The efficiency of transmission systemis 90% and that of the distribution system inclusive of
substation losses is 85%. Find the yearly cost per kW demand and cost per kWh supplied :

(i) at the substation (i) at the consumers premises.

Solution.

Maximum demand 75 MW =75,000 kW
Annual load factor 40%=0-4

(i) Codt at substation. Thecost per kW of maximum demand isto be determined from the total
annual fixed charges associated with the supply of energy at the substation. The cost per kwh shall
be determined from the running charges.

(@ Annual fixed charges
Generation cost = Rs60x 75x 10°=Rs4.5x 10°
Transmission cost = Rs2x 10°

Total annual fixed charges at the substation
= Rs(45+2)x10°=Rs6:5x 10°

Aggregate of all maximum demands by the various substations
= Max. demand on generating station x Diversity factor
= (75%10%) x 1.2=90 x 10° kW

The total annual fixed charges have to be spread over the aggregate maximum demands by

various substationsi.e., 90 x 10% kW.
Annual cost per kW of maximum demand

6
= rs22X10 s 722
90 x 10
(b) Running Charges. Itisgiventhat cost of 1 kWh transmitted to substation is4 paise. Asthe
transmission efficiency is 90%, therefore, for every kWh transmitted, 0-9 kWh reaches the sub-
station.

0O  Cost/kWh at substation = 4/0-9=4-45paise
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Hence at sub-station, the cost isRs 72-22 per annum per kW maximum demand plus 4-45 paise
per kWh.

(if) Cost at consumer’s premises. Thetotal annual fixed chargesat consumer’s premisesisthe
sum of annua fixed charges at substation (i.e. Rs6-5 x 106) and annual fixed charge for distribution
(i.e,Rs15x10%.
0 Total annual fixed charges at consumer’s premises
= Rs(6-5+15) x10°=Rs8x 10°

Aggregate of maximum demandsof all consumers
= Max. demand on Substation x Diversity factor
= (90x10% x 1-25=112:5x 10°kKW

O Annual cost per kW of maximum demand

6
= R0 _ps7im
112[5x 10

Asthe distribution efficiency is 85%, therefore, for each kWh delivered from substation, only
0-85 kWh reachesthe consumer’s premises.

O Cost per kWh at consumer’s premises

_ Cost per kWh at substation _ 445
0085 0085

Hence at consumer’s premises, the cost is Rs. 71-11 per annum per KW maximum demand plus
5-23 paise per kWh.

Example5.7. Determinetheload factor at which the cost of supplying a unit of electricity from
aDiesel and froma steam station isthe same if the annual fixed and running chargesare asfollows:

= 5.23 paise

Station Fixed charges Running charges
Diesel Rs 300 per kW 25 paise/kWh
Steam Rs 1200 per kW 6:25 paise/kWh

Solution. Supposeenergy suppliedinoneyear is100 unitsi.e., 100kWh. Let L betheload factor
at which the cost of supplying aunit of electricity isthe same for diesel and steam station.

Diesel Station.
_ 100kwh _ ~
Average power = 760 hrs 00114 kW
Maximumdemand = 0 le14 kW
Fixed charges = Rs300 x 2 lel"' =Rs 3%‘2
Running charges = Rs100x 0-25=Rs25
O Fixedand running chargesfor 100 kWh
= Rs(3%2 4 25) ()
Steam station.
Fixed charges = Rs1200 x OE‘DL“"' =Rs 13568

Running charges = Rs100 x 0-0625=Rs6-25
O Fixedand running chargesfor 100 kWh

_ Rs(13£68 ¥ 6[25) . (i)
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Asthetwo charges are same, therefore, equating exps. (i) and (ii), we get,
342 | o5 = 13068 , 625
L L
or 1020 = 187
O L = 10-26/18-75=0-5472="5472%

TUTORIAL PROBLEMS

1. A consumer has a maximum demand of 100 MW at 60% load factor. If the tariff is Rs 20 per kW of
maximum demand plus 1 paise per KWh, find the overall cost per kWh. [1-38 paise]
2. Themaximum demand of aconsumer is25A at 220V and histotal energy consumptionis9750 kWh. If
energy ischarged at therate of 20 paise per kWh for 500 hours use of maximum demand plus5 paise per
unit for all additional units, estimate hisannual bill and the equivalent flat rate.  [Rs 900 ; 9-2 paise]
3. A consumer has an annual consumption of 2 x 10° units. Thetariff isRs50 per kW of maximum demand
plus 10 paise per kWh.
(i) Find the annual bill and the overall cost per kWh if the load factor is 35%.
(i) What isthe overal cost per kWh if the consumption were reduced by 25% with the same load factor ?
(iii) What isthe overall cost per kWh if the load factor were 25% with the same consumption asin (i) ?
[()) Rs 23,400 ; 11.7 paise (ii) 117 paise (iii) 12-28 paise]
4. Dailyload of anindustry is 200 kW for first one hour, 150 kW for next seven hours, 50 kW for next eight
hoursand 1 kW for remaining time. If tariff in forceisRs. 100 per kW of maximum demand per annum
plus 5 paise per kWh, find the annua hill. [Rs50,258-5]
5. A consumer requires one million units per year and his annual load factor is50%. Thetariff inforceis
Rs. 120 per kW per annum plus 5 paise per unit consumed. Estimate the saving in hisenergy costsif he
improves the load factor to 100%. [Rs13,692]
6. Anindustrial undertaking has a connected load of 100 kW. The maximum demand is 80 kW. On an
average, each machine works for 60 per cent time. Find the yearly expenditure on the electricity if the
tariff is
Rs 10,000 + Rs 1000 per kW of maximum demand per year + Re 1 per KWh. [Rs 615600]

Example5.8. Calculateannual bill of a consumer whose maximumdemand is 100 kW, p. f. = 0-8
lagging and load factor = 60%. Thetariff used is Rs 75 per kVA of maximum demand plus 15 paise

per kWh consumed.
Solution.
Units consumed/year = Max. demand x L.F. x Hoursinayear
= (100) x (0:6) x (8760) kWh
= 5:256x 10°kWh

Max. demandin kVA
Annual bill

100/p.f.=100/0-8=125
Max. demand charges + Energy charges
Rs75x 125+ Rs0-15 x 5:256 x 10°
Rs 9375 + Rs 78,840 = Rs 88,215

Example 5.9. A factory has a maximum load of 240 kW at 0-8 p.f. lagging with an annual
consumption of 50,000 units. Thetariff is Rs50 per k\VA of maximum demand plus 10 paise per unit.
Calculate the flat rate of energy consumption. What will be annual saving if p. f. israised to unity?

Solution.

Maximum demand inkVA at ap.f. of 0-8
= 240/0-8=300
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O Annual bill = Demand charges + Energy charges
= Rs50x 300+ Rs0-1 % 50,000
= Rs15,000+ Rs5000=Rs20,000
0 Flat ratefunit = Rs 28:888 = RsOM0 = 40 paise
When p.f. israised to unity, the maximum demand in kVA
= 240/1=240
Annua bill = Rs50x 240+ Rs0-1 x 50,000

Rs 12,000 + Rs5,000=Rs 17,000
Annual saving = Rs(20,000-17,000) = Rs3000
Example5.10. The monthly readings of a consumer’s meter are asfollows:
Maximumdemand = 50 kW
Energy consumed = 36,000 kWh
Reactive energy = 23,400 kVAR

If thetariff isRs 80 per kW of maximum demand plus 8 paise per unit plus 0-5 paise per unit for
each 1% of power factor below 86%, calculate the monthly bill of the consumer.

Solution.

36,000
A load = : =50 kW
verage lo 24 % 30 50
. _ 23400 _
Average reactive power = A% 30 32B kVAR

Suppose @is the power factor angle.

kVAR 320
O tangp = = =
¢ Activepower 50 0185
tan* (0-65) = 33-02°
€0s33-02°=0-8384

Rs(80 % 50+ 0-08 x 36,000 + 388-8)
Rs (4000 + 2880 + 388-8) = Rs7268:8

Example5.11. Thetariff in force is Rs 150 per kVA of maximum demand and 8 paise per unit
consumed. If theload factor is 30%, find the overall cost per unit at (i) unity p. f. and (ii) 0-7 p. f.

Solution. Suppose the maximum demandis1 kVA.
(i) Whenp.f.isunity

or [0}
0 Power factor, cos @

Power factor surcharge = Rs
Monthly bill

. 150 x 100 .
Max.d d charge/unit = ————_ =5.7paise
ax. demand charge/uni 5760 0030 p
8 paise
5.7+8=137paise

Energy charge/unit
Overall cost/unit
(i) Whenp.f.is0-7

; 150 x 100 )
Max. h = =81
ax. demand charge/unit 5760 x 030 X007 8-15paise
Energy charge/unit = 8paise

Overadl cost/unit

8:15+8=16:15paise
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Example5.12. Two systems of tariff are available for a factory working 8 hours a day for 300
working days in a year.
(i) High-voltage supply at 5 paise per unit plus Rs 4-50 per month per kKVA of maximum
demand.
(i) Low-voltage supply at Rs5 per month per kVA of maximum demand plus 5-5 paise per unit.

Thefactory has an average load of 200 kW at 0-8 p.f. and a maximum demand of 250 kW at the
same p.f. The high voltage equipment costs Rs 50 per kVA and the losses can be taken as 4%.
Interest and depreciation charges are 12%. Calculate the difference in the annual costs between
the two systems.

Solution.
(i) Highvoltagesupply
Max.demandinkVA = 250/0-8=3125
Asthelossesin h.v. equipment are 4%, therefore, capacity of h.v. equipment
= 312:5/0:96=3255kVA
Capital investment on h.v. equipment
= Rs50x 325:5=Rs16,275
Annual interest and depreciation = Rs16,275%0-12=Rs1953
Annual charge dueto maximum kVA demand
Rs3255x4.5x 12=Rs 17,577
200 x 8 x 300
0096

Units consumed/year = =5x 10°kWh

Annual charge due to kWh consumption
= Rs0.05x5x 10°=Rs 25,000
Total annual cost = Rs(1953+ 17,577 + 25,000) = Rs44,530
(if) Low voltagesupply. Thereisno loss of energy as no equipment is used.
Max.demandinkVA = 250/0-8=3125
Annual charge dueto maximum kVA demand
= Rs3125x5x12=Rs18,750
Units consumed/year = 200 x 8x 300=48x 10*kWh
Annual charge due to kWh consumption
= Rs0.055 x 48 x 10" = R$ 26,400
Total annual cost = Rs(18,750+ 26,400) = Rs45,150
Difference in the annual costs of two systems
= Rs(45,150-44,530) = Rs620
Hence, high-voltage supply is cheaper than low-voltage supply by Rs 620.
Example 5.13. A generating station has two 1000 kW diesel-generator sets. The load is

estimated to reach a maximum demand of 2500 kW after two yearswith anincrease of 5.5 x10° units
over the present value. To meet this demand, the following two alternatives are available :

(i) Purchasing one more set of 1000 kW at Rs 400 per kW. The annual interest and deprecia-
tion of the new set are 10% of the capital investment. The cost of generation for the station
isRs 75 per kW maximum demand plus 5 paise per kWh.

(i) Purchasing bulk power fromagrid supply at Rs 120 per KW maximum demand plus 3 paise
per KWh.

Find which alternative in cheaper and by how much ?
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Solution.
In order to determine the cheaper alternative, we shall find the annual cost in each case.
(i) Purchasing diesel set
Capital cost of set = Rs400x 1000=Rs4,00,000
Annual interest and depreciation on capital investment
= Rs4,00,000 x 0-1=Rs40,000
The present capacity of the station is 2000 kW and the expected maximum demand after two years
is2500 kW. Therefore, extrapower to be generatedis
= 2500-2000=500kW
Annual charge dueto extrak\W max. demand
= Rs500x 75=Rs37,500
Annual charge due to extrakWh consumption
= Rs0.05x55 x 10° = Rs2,75,000
Total annual cost = Rs(40,000+ 37,500+ 2,75,000)
Rs3,52,500

(if) Purchasng from grid supply
Annual charge dueto extrakW max. demand
= Rs500 x 120=Rs60,000
Annual charge due to extrakWh consumption
Rs0-03x 55 x 10° = Rs1,65,000
Total annual cost = Rs(60,000+ 1,65,000) = Rs2,25,000
Hencealternative (ii) is cheaper by 3,52,500 - 2,25,000 = Rs1,27,500 per annum
Example5.14. A supply company offers the following alternate tariffs for supply to a factory :
(i) H.V.supply at Rs 70 per kVA per annum plus 3 paise per kWh.

(i) L.V.supply at Rs65 per KVA per annum plus 4 paise per kWh.

The cost of transformers and switchgearsfor H.V. supply is Rs 50 per kVA and full transforma-
tionlossesare 2%. Theannual fixed chargeson the capital cost of H.V. plant are 15%. If the factory
runsfor 6 hoursaday, find the number of days above which the factory should be run so that the H.V.
supply is cheaper.

Solution.

Let X

y

Factory load in kW
No. of working daysabovewhich H.V.
supply is cheaper
(i) H.V. Supply. Assumethe power factor of theload to be unity. Asthe transformation losses
are 2%,
0 Rating of transformer and switchgear = x/0-98kVA
Energy consumed per annum = (x/0-98) xy x 6=6-12XxykWh
Annual fixed charges of H. V. supply dueto kVA demand
= Rs70xx/0-98=Rs. 71-42x
Cost of transformer and switchgear = Rs50 x x/0-98 = Rs51x
Annual fixed charges of transformer and switchgear
= 15% cost of transformer and switchgear
0:15x51x=Rs7-65x
Rs(71-42x + 7-65X) = Rs79-07 x
Rs6-12xy x 0-03=Rs0-1836 xy

Total annual fixed chargesof H. V. supply
Total annual running charges of H. V. supply
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Total annual chargesof H.V. supply = Rs(79:07x +0-1836 xy) .. (i)
(if) L.V. Supply

Energy consumed per annum
Annual fixed chargesof L. V. supply Rs65x
Annual running chargesof L. V. supply Rs0-04 x 6 xy=Rs0-24 xy
Total annual chargesof L. V. supply = Rs(65x+0-24xy) . (i)
Thetwo tariffswill give equal annua cost if thefactory isrunfor y days. Therefore, equating exp.

XXy x6=6XykWh

(i) and exp. (ii), we get,

79-07x+0-1836xy = 65x+0-24xy
or 1407x = 0057xy
_ 14007 _
or y = 057 247 days

i.e., if thefactory isrun for morethan 247 days, then H. V. supply will be cheaper.

TUTORIAL PROBLEMS

Anindustrial consumer has amaximum demand of 120 kW and maintainsaload factor of 80%. Thetariff
inforceis Rs. 60 per kVA of maximum demand plus 8 paise per unit. If the average p.f. is 0-8 lagging,
calculate the total energy consumed per annum and the annual bill. [8,40,960 kWh ; Rs 76,276-8]
A customer is offered power at Rs 50 per annum per kVA of maximum demand plus 5 paise per unit. He
proposes to install a motor to carry his estimated maximum demand of 300 b.h.p. (metric). The motor
available hasa power factor of 0-83 at full load. How many unitswill be required at 30% |load factor and
what will be the annual bill ? The motor efficiency is 90%. [6,44,307 ; Rs 46,985-35]
A factory hasamaximum load of 300 kW at 0-72 p.f. lagging with an annual consumption of 40,000 units.
Thetariff inforceisRs 4-5 per kVA of maximum demand plus 2 paise per unit. Calculatetheflat rate of
energy consumption. What will be the annual saving if p.f. israised tounity ?  [4-69 paise ; Rs 525]
The monthly readings of aconsumer’s meter are under ;
Maximumdemand = 60 kW

Energy consumed = 24,000 kWh
Reactiveenergy = 15,600 kVAR
If thetariff is Rs 20 per kW of maximum demand plus 3 paise per unit plus 0-1 paise per unit for each 1%
power factor below 85%, calculate the monthly bill of the consumer. [Rs 1960-4]

Compare the annual cost of power supply to afactory having a maximum demand of 500 kW and aload
factor of 40% by having the supply from :

(i) thefactory’'sown diesel generating plant.

(i) apublic supply.
With regardsto (i), the capital cost of factory’sown generating plant isRs 8 lakhs, cost of fuel oil isRs 200
per ton, fuel consumption 0-65 Ibs per kWh. Capital charges, cost of repairs and maintenance, interest and
depreciation 15% of thetotal capital cost. Salariesand wages of the operating staff are Rs 15,000 per year.

With regardsto (ii), the tariff is Rs 150 per KW per annum of maximum demand plus 2.5 paise per kWh.
Which of the two alternatives is favourable for the operation of the factory ?
[(i) 135 paise/unit (ii) 6-8 paise/unit]
Anindustrial load can be supplied from the following alternative tariffs:
(i) High voltage supply at Rs 65 per kW per annum plus 3 paise per KWh.
(i) Low voltage supply at Rs 65 per kW per annum plus 3-3 paise per kWh.
The high voltage equipment costs Rs 50 per kW and the losses can be taken as 3%. Interest and

depreciation chargesare 15% per annum. |f there are 40 working weeksin ayear, find working hours per
week above which high voltage supply is cheaper. [55-42 hour s/week]
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7. A supply company offers the following alternative tariffs :
(i) Standing charges of Rs 75 per annum plus 3 paise/kWh.
(ii) first 300 kWh at 20 paise/lkWh ; and additional energy at 5 paise/lkWh.
If the annual consumption is 1800 kWh, which tariff is more economical and by how much ?
[Tariff (i) is economical by Rs 6 per annum]
8. A factory has a maximum demand of 500 kW, the load factor being 60% during working hours. The
following two tariffsareavailable:
(i) Rs8 per kW of maximum demand plus 3 paise per kWh.
(i) aflat rate of Re 0-/kWh.
Determine the working hours per week above which tariff (i) will be cheaper. [44 hour s/week]

SELF-TEST

1. Fill in the blanks by inserting appropriate words/figures :
(i) Theflat rate for power load isgenerdly .... than the lighting load.

(i1) Inblock ratetariff, therate of energy infirst oneor two blocksis...... because....... chargesaremerged
into...... charges.

(i) The block rate tariff is mostly applicableto ....... consumers.
(iv) A big consumer ischarged at alower rate than asmall consumer because.......
(v) Maximum demand tariff is not applied to domestic consumers because ......
2. Pick up the correct wordsfigures from brackets and fill in the blanks :
(i) A consumer whose load conditions do not deviate from ideal one should be charged at ..... rate than

the one whose load conditions change appreciably. (lower, higher)
(i) A consumer who consumes more electrical energy should pay ...... fixed charges per unit.
(less, more)
(i) Theidea tariff for any type of consumer is....... tariff. (two-part, three-part)
(iv) The maximum kVA demand of the consumer is........ proportional to power factor.
(inversely, directly)
ANSWERS TO SELF-TEST
1. (i) lower (ii) high, fixed, running (iii) domestic (iv) it improves the load factor (v) their maximum
demandissmall.
2. (i) lower (ii) less (iii) three-part (iv) inversely.
CHAPTER REVIEW TOPICS
1. What do you understand by tariff ? Discuss the objectives of tariff.
2. Describethe desirable characteristics of atariff.
3. Describe some of the important types of tariff commonly used.
4. Write short notes on the following :
(i) Two-part tariff.
(i) Power factor tariff.
(iii) Three-part tariff.
DISCUSSION QUESTIONS
1. Why istariff for power load less than the lighting load ?
2. What isthe effect of power factor on the cost of generation ?
3. Cantheload factor of the system be 100% ?
4. What is the importance of power factor tariff ?
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