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First Question (20 Marks)

1. Answer Only Five of the following questions:

@ 1.1) What is the difference between ideal and practical transformer? Explain your
answer by drawing the equivalent circuit of each of them.

An ideal transformer is one that has:

(1) No winding resistance
(i1) No leakage flux i.e., the same flux links both the windings
(iii) No iron losses (i.¢., eddy current and hysteresis losses) in the core
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A practical transformer differs from the ideal transformer in many respects. The practical
transformer has (i) iron losses (ii) winding resistances and (iii) magnetic leakage, giving rise to

leakage reactances.

@ 1.2) What do you understand by the load curve? What information are conveyed by
a load curve?

The curve showing the variation of load on the power station with reference to time is known
as a load curve.
The daily load curves have attained a great importance in generation as they supply the
following information readily:
i. The daily load curve shows the variations of load on the power station during different
hours of the day.
ii. The area under the load curve gives the number of units generated in the day.
iii. The highest point on the load curve represents the maximum demand on the station on
that day.
iv. The area under the load curve divided by the total number of hours gives the average
load on the station.
v. The ratio of the area under the load curve to the total area of rectangle in which it is
contained gives the load factor.
vi. The load curve helps in selecting the size number of generating units.
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1.3) Define the following terms in generation:
(i) connected load (ii) maximum demand (iii) demand factor

» Connected load. .
It is the sum of continuous ratings of all the equipment connected to supply system.

> Maximum demand: ' .
It is the greatest demand of load on the power station during a given period.

» Demand factor.
It is the ratio of maximum demand on the power station to its connected load

1.4) Explain the main types of electricity tariff.

The following are the commonly used types of tariff:

1. Simple tariff. )

In this type 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 consume'r’s
terminals is recorded by means of an energy meter. This is the simplest of all tariffs and is readily
understood by the consumers.

2. Flat rate tariff.

In this type of tariff, the consumers are grouped into different classes and each class of consumers is
charged at a different uniform rate. The advantage of such a tariff is that it is more fair to different
types of consumers and is quite simple in calculations.

3. Block rate tariff.
In this type of tariff, the energy consumption is divided into blocks and the price per unit is fixed in

each block. In some countries the price per unit in the first block is the highest and it is
progressively reduced for the succeeding blocks of energy. In other countries which suffer from
electricity crisis, the first block is the lowest and it is progressively increased for the succeeding
blocks of energy.

4. Two-part tariff:
In two-part tariff, the total charge to be made from the consumer is split into two components: 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 maximum demand (or connected load)

plus a certain amount per kWh of energy consumed

1.5) Discuss the advantages and limitations of high transmission voltage.

Advantages of high transmission voltage
(i) Reduces volume of conductor material: The greater the transmission voltage, the lesser

is the conductor material required.

(ii) Increases transmission efficiency: Increasing the transmission voltage will reduce the
power losses and hence increasing transmission efficiency

(iii) Decreases percentage line drop: Increasing the transmission voltage will reduce the

power voltage line drop.
Limitations of high transmission voltage:
High transmission voltage results in:
(i) the increased cost of insulating the conductors
(ii) the increased cost of transformers, switchgear and other terminal apparatus.
Therefore, there is a limit to the higher transmission voltage which can be economically employed

in a particular case.

@)

Scanned by CamScanner



1.6) ‘Detive an expression to determine economic choice of conductor size.

" The most economical area of conductor is that for which the total annual cost a[ transmission
Jine is minimum. The total annual cost of transmission line can be divided broadly into two parts:
annual charge on capital outlay and annual cost of energy wasted in the conductor.

(i) Annual charge on capital outlay.
Annual charge=P; + P;a ... ()
where P; and P; are constants and a is the area of X-section of the conductor.

(ii) Annual cost of energy wasted. , '
This is on account of energy lost mainly in the conductor due to IR losses. Assuming a constant

current in the conductor throughout the year, the energy lost in the conductor is proportional to
resistance. As resistance is inversely proportional to the area of X-section of tl-1e conductor,
therefore, the energy lost in the conductor is inversely proportional to area of X-section. Thus, the
annual cost of energy wasted in an overhead transmission line can be expressed as:

Annual cost of energy wasted = P,/a (i)

where P, is a constant.
Total annual cost, C = exp. (/) + exp. (i)

= (P, +Pya)+ Py/a

C =P +Pya+P/a ..(iir)

In exp. (iii), only area of X-section a is variable. Therefore, the total annual cost of transmission
line will be minimum if differentiation of C with respect to a is zero i.e.

d _
da =0
or %(P1+P3a+P3/a) =0
P
or Pz——% =0
a 2
or P, = P/a
&
or P,a = —
2 a

ie.
Variable part of annual charge = Annual cost of energy wasted

CL\/ 1.7) Discuss the Ferranti Effect and explain how to reduce it

Ferranti effect: is the phenomenon of the increases of the receiving end voltage beyond the sending
end voltage in case of light loading or no load operation of transmission system.

Purpose of occurrence: It is due to the voltage drop across the line inductance (due to charging
current) being in phase with the sending end voltages. Therefore both capacitance and inductance is
responsible to produce this phenomenon.

It can be reduced by: using shunt reactors and series capacitors. Series capacitors are placed at
different places along the line while shunt reactors are often installed in the stations at the ends of
line.

Second Question {13 Marks)

2-a) A base load station having a capacity of 18 MW and a standby station having a capacity of
20 MW share a common load. Find the annual load factors and plant capacity factors of

two power stations from the following data: Annual standby station output = 7-35 x 10°
kWh, Annual base load station output = 101:35 x 10° kWh, Peak load on standby station =
12 MW, Hours of use by standby station/year = 2190 hours
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2-a Solution.
~ Installed capacity of standby unit
' = 20 MW =20 x 10’ kW
Instatled capacity of base load plant
= I8 MW = 18 x 10° kW

Standby station
Y kWh generated / annum %
Amnual load factor = Frr—arrond X Annual working hours
- 6
o L TIIO
(12x107)x 2190 —
_ kWh output / annum % 100

Annual plant capacity factor : ,
P pact Installed capacity x Hours in a year

(}
& - IBXU0 g0 - 42%

(20 x 10%) x 8760
Base load station. It is reasonable to assume that the maximum demand on the base load station
is equal to the installed capacity (ie., 18 MW). It operates throughout the year i.e., for
8760 hours.
101-35%10°

® Annual load factor = ———F——— = 64:2%,

~\ (18107 )x 8760 ==
@ As the base load station has no reserves above pcak load and it is in continuous operation,

therefore, its capacity factor is also 64.2%.

2-b) A 2-conductor cable 1 km long is required to supply a constant current of 200 A throughout the
year. The cost of cable including installation is LE (20 a + 20) per metre where ‘a’ is the area of
X-section of the conductor in cm’. The cost of energy is LE 0.0S per kWh and interest and
depreciation charges amount to 10%. Calculate the most economical conductor size. Assume
resistivity of conductor material to be 173 p Q cm. S Macs

C‘:)z'b) Resistance of one conductor = p!

? Energy lost per annum = 2 R kWh

2 % (200)? x 0-173 x 8760
< 1000 x a
) - 121238-4 | o

a

Annual cost of energy lost = Cost per kWh x Annual energy loss

LE 3 x 121.238:4
100 pe

CD = LE 6062/a

The capital cost (variable) of the cable is given to be 20 a LE/m.

Therefore, for 1 km length of the cable, the capital cost

(variable) is LE 20 a 1000 = LE 20,000 a.

Variable annual charge = Anunual interest and depreciation

on capital cost (variable) of cable

(D =LE 0-1 < 20,000 a=LE 2000 a ., (ii)

According to Kelvin’s law, for most economical X-section of

the conductor, Variable annual charge = Annual cost of energy lost

or 2000 a= 6062 a
@ » iowed ?Pﬁg oweas Ne A1y
. ~a soos = 174 cem ' @
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2-¢) A short 3-¢ transmission line with an impedance of (6 + j 8) Q per phase has sending apng

i vV <V respective r some receiving end load at a p.f, of
receiving end voltages of 120 kV and 110 kV respectively fo g p

0-9 lagging. Determine (i) power output and (ii) sending end power factor. aM aYe

U —

2-¢ Solution.
Resistance of each conductor, R =6 Q
Reactance of cach conductor, X .- §Q

Load power factor, cos ¢, =0-9 lagging

Receiving end voltage/phase,  F, = 110 l()‘/ﬁ = 63508 V

I

Sending end voltage/phase, Ve =120x 10'/3 = 69282 V
Let /be the load current. Using approximate expression for V¢, we get,
O Vg = Vip+IRcos®,+1X, sing,
or 69282 = 63508+ /x 6 x0-9+/x8x0-435
or 8-8871 = 5774
or I = 5774/8-88=650-2 A
CD (M Power output = 2Tk L 05 Op I,‘,llo(;gs Or kW = IX 63508 ;(0880'2 ad ik

111,490 kW
Vi cos @, + IR 63508 x0-9 +650-2 x 6
v 69282

As the basc 10ad station Nas no reserves above peak 10ad and 1t 1S 1n CONLINUOUS Operation,
therefore, its capacity factor is also 64.2%,

@) (i) Sending end p.f., cos ¢, =(-88 lag

Third Question (9 Marks)

Choose the correct answer: &Y 4w S b ki daaual) a3l b5 O paall o3 Ja)

1. A generating station has an installed capacity of 50,000 kW and delivers
220x%10° units per year. If the annual fixed charges are160 LE/kW installed
capacity and running charges are 0.04 LE/ kWh. The cost per unit generated is:

a. 6.64 piase. b. 8.32 paise c. 7-64 paise

2. For a single-phase transformer with 6 kVA rating, a secondary terminal voltage of
487.5 V, and a voltage ratio of 100V/500 V, the transformer regulation is:
a.2.50% b. 2.56% ¢. 3.5%

3. If the annual load factor of a power station is 40% and the maximum demand on
the station is 100 MW. The total energy generated in a year (in kWh) is:
a. 3504 x 10° b. 3504 x 10° c. 3504 x 10*

&

Scanned by CamScanner




Fourth Question (8 Marks

- o iulay) 4 § Jaib 4 ) Aska) abg Jigeadl od) SR
4.1 Choose the correct answer: &Y dul S ki daaall 44la) o209 J J“" podu
1. The economic transmission voltage ........ upon the distance of transmission

a) depends,
b) does not depend

2. A short transmission line is represented without any shunt capacitors because

a) There is no capacitance at all

b) There is very small capacitance and can be ignored o eulot
¢) There is considerable capacitance, but we ignore it for simplifying calculation

3. Which combination is true for short lines?
a) A=0,B=0,C= 1,D=7Z7.

b) A=0,B=1,C=Z D=
c) A=1,B=1,C=2Z,D=0
d A=1,B=7.C=0.D=

S. In an interconnected grid system, the diversity factor of the whole system:
a) remains constant
b) increases
c) decreases

4.2 Fill in the blanks by inserting appropriate words: (4 marks)
Llay) 43,5 3 Lablll) (Slalsll 5f) Aalsl) g ) guad) a8 ) i) Jud

a. The basic unit of electric energy is.................. KWh...............
b. In the diminishing value method, depreciation charges are heavy in ..early.. years.

¢. Average loadis ............... if the load factor increases. (increased, decreased).

d. The voltage regulation of a transmission line should be ............_ (low, high).

e. The length of a medium transmission line between ...80...and ....... 250 km...........

With my Best Wishes Prof. Magdi El-Saadawi
16/1/2016
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