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ELECTRICAL POWER GENERATION,TRANSMISSION AND DISTRIBUTION (4034) SOLVED 

QUESTION PAPER APRIL 2019 

PART A 

I 

1. A common application of economizers in steam power plants is to capture the waste heat from boiler stack gases (flue gas) and transfer it to 

the   boiler feed water. This raises the temperature of the boiler feed water, lowering the needed energy input, in turn reducing the firing rates 

needed for the rated boiler output. 

2. The Total electric power-consuming rating of all devices (as lamps or motors) connected to a distribution system 

3.  The tendency of alternating current to concentrate near the surface of a conductor is known as skin effect. Due to skin effect, the effective 

area of cross section through which current flows is reduced. Consequently, the resistance of the conductor is slightly increased when carrying 

alternating current. 

4.  When a medium or long transmission line is open circuited or lightly loaded then the receiving end voltage will be more than the sending end 

voltage this phenomenon is called Ferranti effect.  

5. It is defined as the change in voltage from no load to full load at the receiving end and expressed as percentage of receiving end voltage 

% voltage regulation of transmission line = 

 

PART B 

II 

1. 

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

(ii) Recovery of cost on the capital investment in transmission and distribution system 
(iii) Recovery of cost of operation and maintenance of supply of electrical energy. 
(iv) A suitable profit on the capital investment. 

    3. (a)  Plant capacity factor:  It is the ratio of actual energy produced to the maximum possible energy that could have been produced during 

a given period. 

 OR 

 

                 (b ) Average Demand : The average of loads occurring on the power station in a given period (day or month or year) is known as Average 

Demand or Average Load. 

 

 

 

 

                 (c) Maximum demand :It is the greatest demand of load on the power station during a given period. 
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4.         1)By using longer cross- arms:The value of string efficiency depends upon the value of K (ratio shunt capacitance to mutual capacitance). 

The lesser the value of K, the greater is string efficiency and more uniform is the voltage distribution. The value of K can be decreased 

by reducing the shunt capacitance. Inorder to reduce shunt capacitance, the distance of conductor from tower must be increase by 

using longer cross arms.  

             `   2) By grading the insulators:In this method, insulators are of different dimensions are chosen that each has a different capacitance. The 

insulators are capacitance graded by arranging they are in a string in such away that the top unit has minimum capacitance, increasing 

progressively as the bottom unit is reached. Since voltage is inversely proportional to capacitance, this method tends to equalize the 

potential distribution across the unit in the string.  

                3) By using a guard ring:The potential across each unit in a string can be equalized by using guard ring which is a metal ring electrically 

connected to the conductor and surrounding the bottom insulator.  

     5.        The performance of transmission line depends on the parameters of the line. The transmission line has mainly four parameters, 

resistance,inductance,and capacitance and shunt capacitance. These parameters are uniformly distributed along the line. Hence it is also 
called distributed parameter of the transmission line. The inductance and resistance form series impedance whereas the capacitance and 
conductance form the shunt admittance. 

 

6. There are three main methods of laying of underground cables, which are 

               (i) Direct laying          (ii) draw-in system      and (iii) solid system 

(i) Direct laying : The sand prevent the entry of moisture from ground and thus protects the cable from decay.After the cable has been laid 

in the trench, it is covered with another layer of sand of about 10cm thickness and the cable is provided with a wall of bricks on either side 

and over the top. Then the remaining portion of the trench is filled with soil.  

 

 

(ii) Draw in system : In this method cast iron or concrete pipes are laid in the ground with manhole at suitable position along the cable 

route. The cables are pulled into position from manholes. The distance between the manhole should not be too long so as to simplify the 

pulling of cables. 

 
(iii) Solid system : In this method of laying , the cable is laying in open pipe dug out in earth along the cable route.The open pipe is made  

of cast iron , stoneware or asphalt. After the cable is laid in position , the open pipe is filled with a bituminous or asphaltic compounds and 

covered over. 
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7. 
o Reduction in the current 

o Reduction in the losses 

o Reduction in the volume of conductor materials required 

o Decrease in voltage drop and improvement of voltage regulation 

o Increase in transmission efficiency 

o Increase in power handling capacity 

PART C 

III 

a) 

 

           b)Weight of water available is W=Volume of water x Density 

= (5 x 106) x (1000)    [since mass of 1m3 of water is 1000 kg] 

= 5 x 109 kg=5 x 109 x 9.81 N 

Electrical energy available = W x H x µ overall 

= (5 x 106 x 9.81) x (200) x (0.75) watt sec. 

  = (5 x 106 x 9.81 x 200 x 0.75)/(3600 x 1000)kWh 

  = 2.044 x 106 kWh 

IV        

a) 

A generating station which converts heat energy of coal combustion into electrical energy is known as a steam power station. 

 

 
 
 
 
 
 
 

 

 

Various equipment in a steam power station 

The important parts of a steam power stations are : 

1. Coal and ash handling arrangement 

2.    Steam generating equipment 
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3.    Steam turbine 

4.    Alternator  

5. Feed water 

6. Cooling arrangement 

I. Coal and ash handling arrangement 

The coal is transported to the power station by road or rail and is   stored in the coal storage plant.From the coal storage plant, coal 

is delivered to the coal handling plant where it is pulverized.The pulverized coal is fed to the boiler by belt conveyors.The coal is 

burnt in the boiler and the ash produced after the complete combustion of coal is removed to the ash handling plant and then 

delivered to the ash storage plant for disposal.  

 2. Steam generating plant 

Boiler :The heat of combustion of coal in the boiler is utilized to convert water into steam at high temperature and pressure. 

    Superheater: The steam produced in the boiler is wet and is passed through a superheater where it is dried and superheated by the flue   

gases on their way to chimney. 

Economizer : It heats the feed water on its way to boiler by utilizing heat from the flue gases. 

Air pre-heater: It heats the air supplied to boiler for coal combustion by utilizing heat from the flue gases. 

3. Steam turbine 

The dry and superheated steam from the superheater is fed to the steam turbine through main valve. Steam turbine convert heat 

energy of steam into mechanical energy After giving heat energy to the turbine, the steam is exhausted to the condenser which 

condenses the exhausted steam by means of cold water circulation. 

4. Alternator  

The steam turbine is coupled to an alternator. The alternator converts mechanical energy of turbine into electrical energy. 

5. Feed water.  

The condensate from the condenser is used as feed water to the boiler. Some water may be lost in the cycle which is suitably made up 

from external source.  

6. Cooling arrangement.  

The steam exhausted from the turbine is condensed by means of a condenser.  

 
b) Selection of Site for Nuclear Power Station 

1. Availability of water.  

As sufficient water is required for cooling purposes, therefore, the site selected for plant should be near a river , or lake or by sea side. 

2. Disposal of waste. 

The site selected for such a plant should have adequate space and arrangement for the disposal of radioactive waste. 

3. Distance from populated areas. 

The site selected for a nuclear power station should be quite away from the populated areas as there is a danger of presence of radioactivity in 

the atmosphere near the plant. 

4. Transportation facilities. 

The site selected for a nuclear power station should have adequate facilities in order to transport the heavy equipment during 

construction. 

5. External threats and environmental threats 

      Examples of exceptional natural phenomena include freezing or other clogging of the cooling water intake, Storms, Flood etc. 

6. Seismic area evaluation 

      Earthquake is a biggest threat to nuclear power plant and hazardous accidents might take place if the earthquake strikes the site. 

7. Use of land and water 

                      Construction is not allowed on shore zones belonging to the coastal area of a sea or of a water system which would otherwise affect 

ecology. 

V  

      a) Load curve :The curve showing the variation of load on the power station with respect to time is known as load  curve. The load on a power 

station is never constant. These load variations during the whole day are recorded half-hourly or hourly and are plotted against time on 

the graph. The curve thus obtained is known as daily load curve. monthly load curve can be obtained from the daily load curve of that 

month. Yearly load curve is obtained by considering the monthly load curve of that year.  

 

Load Duration Curve : In this curve, the load elements of a load curve are arranged in order of descending magnitudes. So the area 

under the load duration curve and the area under the load curve are equal. The following figure shows an example of the load curve and 

the load duration curve. 
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 b)  Types of Tariff 

1. Simple Tariff 

When there is a fixed rate per unit of energy consumed, it is called simple tariff.In this type of tariff, the price charged per unit is constant, it 

does not vary with increase or decrease in number of unit consumed. 

2.Flat rate Tariff 

When different types of consumers are charged atdifferent rate, it is called a flat rate tariff. 

3. Block rate tariff 

When a given block of energy is charged at a specified rate and the succeeding block of energy are charged at progressively reduced 

rate, it is called a block rate tariff. 

4. Two part tariff 

When the rate of electrical energy is charged on the basis of maximum demand of the consumer and the unit consumed, it is called 

two part tariff. 

5. Maximum demand tariff  

It is similar 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.  

6. Power Factor Tariff 

The tariff in which power factor of the consumer’s load is taken into consideration is known as power factor tariff. 

7. Three part tariff 

When the rate of electrical energy is charged on thebasis of fixed charge, semi-fixed charge and running charge, it is known as three 

part tariff. 

VI    

a) Solution :  
1) Find the daily energy produced  

Load Factor = 
������� ����

������� ������
 

 

0.6 =
������� ����

�� ��
 and then    Average Load = 0.6 x 20 MW = 12 MW 

 

Average Load =  
���� ����� ��� ���� ����� (���)

�� �� �����(�)
 

 
The time for daily energy produced is 24 h 
 
 Area under the load curve = energy produced = 12 x 24 = 288 MWh 

  2 ) Find the reserve capacity 

                                 Plant capacity Factor = 
���� ����� ��� ���� ����� (���)

�� �� �����(�)
 

 

Installed capacity = 
������� ������

����� �������� ������
 = 

��

�.��
 = 25 MW 

 
             Reserve Capacity = Installed capacity – Max.Demand 
                                             = 25 – 20 = 5 MW 
 

  3 ) Find number of operating hours per day  

 

       Plant use Factor = 
������� ������ � �

��������� �������� � ��.�� ��������� �����
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             0.8 = 
��  �   ��

��  �  ��.�� ��������� �����
 

 

No.of operating hours = 
��  �   ��

��  �  �.�
 = 14.4 h 

 

4 ) Find the maximum energy that could be produced daily if the generation station was running all the time. 

           The maximum energy that could be produced daily = Installed capacity x 24 
                                                                                                        = 25 x 24 = 600 MWh 
= 25 x 24 = 600 000 kW 

 
b) The ratio of average demand to maximum demand is known as load factor. 

 

 

Load factor is always less than 1 because average demand is always smaller than maximum demand. Higher the load factor of the 

power station lesser will be the cost per unit generated. In electrical engineering the load factor is defined as the average load divided by 

the peak load in a specified time period. It is the measure of the utilization rate or efficiency of electrical energy usage , a low load factor 

indicates that load is not putting a strain on the electric system whereas consumers or generators with that put more of a strain on the 

electric distribution will have a high load factor. It can be derived from the load profile of the specific device or system of devices. Its value 

is always less than one because maximum demand is never lower than average demand ,since facilities likely never operate at full 

capacity for the duration of an entire 24 hour day. A high load factor means power usage is relatively constant. Low load factor shows 

that occasionally a high demand is set. To service that peak capacity is sitting idle for long periods there by imposing higher costs on the 

system. Electrical rates are designed so that customers with high load factor are charged less overall per kWh. This process along with 

others is called load balancing or peak shaving. The load factor is closely related to and often confused with the demand factor. 

VII 
a)  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Transposition of line conductors 

 

 
When 3-phase line conductors are not equidistant from each other, the conductor spacing is said to be unsymmetrical. Under such 

conditions, the flux linkages and inductance of each phase are not the same. A different inductance in each phase results in unequal 

voltage drops in the three phases even if the currents in the conductors are balanced. Therefore, the voltage at the receiving end will not be 

the same for all phases. In order that voltage drops are equal in all conductors, we generally interchange the positions of the conductors at 
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regular intervals along the line so that each conductor occupies the original position of every other conductor over an equal distance. Such 

an exchange of positions is known as transposition. 

VIII 

a) Comparison Chart 
 

Basis of Comparison AC Transmission Line DC Transmission Line 
Definition The ac transmission line transmit the 

alternating current 
DC transmission line is used for transmitting 
the direct current 

Number of Conductors Three Two 
Inductance and Surges Have  Don’t Have 
Voltage drop High Low 
Skin Effect Occurs Absent 
Need of Insulation More Less 
Interference  Have Don’t Have 
Corona Loss Occur Don’t Occur 
Dielectric loss Have  Don’t Have 
Synchronizing and Stability problem No Difficulties Difficulties 

 

b) When a overhead transmission line having large spacing in comparison with the diameter and an alternating voltage applied exceeds a 

certain value, then the air surrounding the conductors starts ionize. The voltage at which the ionization starts is known as disruptive critical 

voltage. At low voltage there is no change in the condition of air surrounding the conductors. But when the voltage is gradually increased 

and exceeds disruptive critical voltage, a faint luminous glow of violet color appears around the conductors with a hissing noise. This 

phenomenon is called visual corona and the voltage at which it occurs is known as visual critical voltage.  

        Corona is defined as the phenomenon of violet glow, hissing noise and production of ozone gas in an overhead transmission line. 

        Corona can be minimized by controlling following factors: 

        1) Frequency of supply: Corona loss increases as the supply frequency increases. 

        2) Radius of the conductors: Generally Corona loss increases on decreasing the radius of the conductor. 

            In order to prevent this bundled or hollow large diameter conductors must be used. 

        3) Distance between the two conductors: To prevent corona spacing between must be increased. 

        4) Air Pressure: In hilly areas the corona effect is more dominant due to reduced pressure. 

        5) Weather is also an important factor that must be considered. 

 

 IX  
 a) 

Pin type insulator  

 Pin type insulator is secured in the cross arm on the pole 

 There is a groove on the upper end of the insulator for placing the conductor. 

 The conductor passes through this groove and tied down with wire of the same material as the conductor. 

 Pin type insulators are used for transmission and distribution of electric power at voltage up to 33kV.  

Suspension type insulators 

 Used for voltages >33kV 
 It consists of number porcelain discs connected in series by metal link in the form of a string. 
 The conductor is suspended at the bottom end of this string while the other end of the string is secured to the cross arm of the tower. 
 Each disc is designed for voltage of about 11kV. 
 The number of disc in series is depends upon the working voltage.  

Strain insulators 

 When there is a dead end of the line or there is corner or sharp curve, the line is subjected to greater tension. 

 In order to reduce this excessive tension, strain insulators are used in high voltage transmission line. 

Shackle insulators 

 When there is a dead end of the line or there is corner or sharp curve, the line is subjected to greater tension. 

 In order to reduce this excessive tension, shackle insulators are used in low voltage distribution line. 

 Such insulators can be used in a horizontal or vertical position. 

 They can be directly fixed to the pole with a bolt or to the cross arms. 

 The conductor in the groove is fixed with a soft binding wire.  

Stay insulators 

 These insulators are used to insulate lower part of stay wire from the pole for safety of people and animals on the ground. 

 These insulators are provided at a height of about 3m from the ground level. 

 The size of insulator used depends upon the tensile strength of stay wire.  

  

b)1. Cracking of insulators 

 The porcelain insulator mainly consists of three different materials. The main porcelain body, steel fitting arrangement and cement to fix the 

steel part with porcelain. Due to change in climate conditions, these different materials in the insulator expand and contract in different rate. 

These unequal expansion and contraction of porcelain, steel and cement are the cause of cracking of insulator. 
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2.  Porosity of material 

If the porcelain insulator is manufactured at low temperature, it will make it porous, and due to this reason it will absorb moisture from air thus 

its insulation will decrease and leakage current will start to flow through the insulator which will lead to insulator failure. 

3. Defective insulation material   

If the insulation material used for insulator is defective anywhere, the insulator may have a high chance of being puncture from that place. 

4. Improper glazing on insulator surface 

if the surface of porcelain insulator is not properly glazed, moisture can stick over it. This moisture along with deposited dust on the insulator 

surface produces a conducting path. As a result the flash over distance of the insulator is reduced. As the flash over distance is reduced, the 

chances of failure of insulator due to flash over become more.  

5.  Flash over across insulator 

If flash over occurs, the insulator may be over heated which may results into shuttering of it. 

6.  Mechanical stress on insulator 

If an insulator has any weak portion due to manufacturing defect, it may break from that weak portion when mechanical stress is applied on it by its 

conductor. This cause failure of insulator. 

  X 
a) Distribution system 

1. Radial system 

 

 

 

 

 

 

In this system separate feeders coming out from a single substation and feed the distributers at one end only. Figure shows a single line 

diagram of a radial system where a feeder OC supplies a distributer AB at point A. The radial system is used only when power generated 

at low voltage and substation is located at the Centre of load.  

Advantages  

1. Low cost 

2. Simple planning 

Dis advantages 

1. Used only when power generated at low voltage and the substation is located at the Centre of the load. 

2. Distributer near to feeding end is heavily loaded 

3. Consumer at far end of feeder would be subjected to serious voltage fluctuations.  

              2.Ring main system 

 

 

 

 

In this system, the primaries of distribution transformers form a loop. The loop circuit starts from the sub-station bus bar, make a loop 

through the area to be covered and returns to the substation. Figure shows the single line diagram of ring main system for a.c distribution 

where substation supplies to the closed feeder LMNOPQRS. The distributors are tapped from different points M, O and Q of the feeder 

through distribution transformers. 

Advantages 

1. Less conductor material is required 

2. Less voltage fluctuations 

3. More reliable 

Dis advantages 

1. It is difficult to design  

3.Interconnected system 

When the feeder ring is supplied by more than one generating stations or substations, it is called interconnected system. Figure shows the single line 

diagram of interconnected system where the closed feeder ring ABCD is supplied by two substations S1 and S2 at points D and C 

respectively. Distributors are connected to points O, P, Q and R of the feeder ring through distribution transformers. 

Advantages  

1. Increases reliability of supply 
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2. Losses are less 

3. Quality of service is improved 

Dis advantages 

       1. Initial cost is high 

       2. Difficult to design and operation 

 

b) The reasons for selecting HVDC instead of AC for a specific project are often numerous and complex. The most common arguments in its 

favor are: 

 These systems are economical for bulk transmission of power for long distance 

 Cost of conductor reduces since d.c system requires only two conductors.  

 Cost of supporting towers and insulation is also reduced. 

 Transmission losses are also reduced.  

 Lower investment cost 

 Long distance water crossing 

 Lower losses 

 Asynchronous interconnections  

 Controllability 

 Limited short-circuit currents 

 Environment 

 

  

  

------------------------------------------------------------------------------------------------------------------------------------- 

 

 


