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1) GENERAL INTRODUCTION OF POWER SYSTEMS 

An electric power system is defined as a network of electrical components used 

to supply ,transfer and consume electrical power.

LINE GIAGRAM OF POWER SYSTEM



2)POWER STATIONS 

A power station also referred to as a power plant and some times 

generating station (or) generating plant.

Power Stations generally connected to an electric grid generating power will 

be used for consumers.

HISTORY:-

In early ‘1871’ Bulgarian inventor zenobe gramme invented a generator 

power full enough to produce power on commercial scale for industry.

In ‘1878’ a hydro electric power station was designed and built by William 

lord Armstrong at crag side England.

In ‘1890’ worlds first coal fired public power station , the Edison electric light 

station was built in London, a project of Thomas Edison organazide by Edward 

Johnson.



3) THERMAL POWER STATION 

THERMAL :-

These are created by the uneven heating of earths surface from 

solar radiation.

Thermal power station is a power station in which heat energy is 

converted to electricity.

COAL :-

Coal power plant is a thermal power station which burns coal to generate 

electricity. The coal is usually pulverizes and then burned in pulverized coal 

and send to boiler.

STEAM :-

Steam power plants consists of one (or) a group of steam boilers and one 

(or) more steam power sources with auxiliary machines , apparatus and 

instruments.



RANKINE CYCLE 

ECONOMIZER



(3)(1) LINE DIAGRAM AND COMPONENTS OF TPS  





PRACTICAL THERMAL POWER STATION DIAGRAM



CIRCUTES OF THERMAL POWER PLANT

1)FUEL AND ASH CIRCUIT 

2)AIR AND FLUE GAS 

CIRCUIT 

3)FEED WATER AND STEAM 

CIRCUIT (this is also called 

Rankine cycle)

4)COOLING WATER CIRCUIT 



BOILERS:- boiler converts coal energy to steam energy 



SUPERHEATER:- super heat the steam coming from 

boiler send to turbine



TURBINE:- converts kinetic energy to mechanical energy 

exhausted steam will send to condenser   



CONDENSER:- condensate the steam and convert steam to water 

and send to economizer 

SURFACE CONDENSER JET CONDENSER



COOLING TOWER



ECONOMIZER:- heat water upto saturation temperature by 

using flue gases

Line diagram Practical diagram 



AIR PRE HEATER

LINE DIAGRAM PRACTICAL DIAGRAM

STACK NOTHING BUT 

CHIMNEY



CHIMNEY



4)NUCLEAR POWER STATION 

Introduction:-

The energy needed by a country cannot be not met for a single
source. Hydro electric power stations produce cheap power but needs a
thermal backing to increase the firm capacity . But the reserved of
fossil fuels like coal, oil and gas are fast depleting.

Thus these is a need to seek alternate source of energy. The nuclear
power is the only source which can supply the future energy demand of
the world.

One of the main attractions is that huge amount of energy can be
released from small quantity of active material i.e by completely
burning of 1kg of uranium would give energy equivalent to 3000tonnes
of high grade coal.



NUCLEAR FISSION:- The splitting of heavy nucleus into two )or)    

more smaller nuclei 



CHAIN REACTION:- It may be defined as a fission reaction in which 

the neutrons from previous step continues to propagate and repeat the reaction.



(4)(1) LINE DIAGRAM AND COMPONENTS OF NPS



(4)(2) TYPES OF REACTORS 

WHAT IS REACTOR :-

A nuclear reactor, formerly known as an atomic pile, is a device used to 

initiate and control a fission nuclear chain reaction

1)THERMAL REACTORS 

a)BOILING WATER REACTOR

b)PRESSURIZED WATER REACTOR 

2)FAST BREED REACTOR 



BOILING WATER REACTOR 



PRESSURIZED WATER REACTOR 



FAST BREED REACTOR



5) GAS POWER STATION

INTRODUCTION:-

A generating station which employs gas turbine as a prime mover 

for the generation of electrical energy is known as gas turbine power 

plant.

Works on the principle of Brayton cycle 



(5)(1)LINE DIAGRAM OF GPP



PRACTICAL GPP



COMPRESSOR 



COMBUSTION CHAMBER



GAS TURBINE



COMBINED CYCLE POWER PLANT









UNIT -2

GENERAL ASPECTS OF DC AND AC        

DISTRIBUTION SYSTEMS



BULK POWER GRIDS

An electric power grid is generally composed of three parts 

(1) Generation system (2) Transmission system (3) Distribution system

All of which contribute to the production and transportation of electric 

energy to consumers.

when the demand of electric energy increase day by day we need to 

upgrade the level of power handling capacity of the system.

Bulk power grids reliability assessment is an important procedure at both

power grid planning and operating stage to assure reliable and acceptable

electricity service to consumers.

Different grids interconnect through tie lines to form a regional grids

Different regional grids are further connected to form a national or bulk

power grids.





MICRO GRIDS







Transmission Interconnection
We need these interconnections because, apart from delivery, the purpose

of the transmission network is to pool power plants and load centres in order to

minimize the total power generation capacity and fuel cost. Transmission

interconnections enable taking advantage of diversity of loads, availability of

sources, and fuel price in order to supply electricity to the loads at minimum

cost with a required reliability. In general, if a power delivery system was made

up of radial lines from individual local generators without being part of a grid

system, many more generation resources would be needed to serve the load

with the same reliability, and the cost of electricity would be much higher. With

that perspective, transmission is often an alternative to a new generation

resource. Less transmission capability means that more generation resources

would be required regardless of whether the system is made up of large or

small power plants. In fact small distributed generation becomes more

economically viable if there is a backbone of a transmission grid.



TRANSMISSION OF ELECTRIC POWER  





Vibration damper



All Aluminium Conductors

All Aluminium Alloy Conductors

Aluminium Alloy Conductor Steel         

Reinforced 

Aluminium Conductor 

Alloy Reinforced 

Aluminium Conductor Steel Reinforced



CLASSIFICATION OF TRANSMISSION SYSTEM
(1) Single phase AC system

(a) Single phase two wires

(b) Single phase two wires with mid point earthed

(c) Singe phase three wires

(2) Two phase AC system

(a) Two phase three wires 

(b) Two phase four wires 

(3) Three phase AC system

(a) Three phase three wires 

(b) Three phase four wires 

(4) DC system

(a) DC two wires

(b) DC two wires with midpoint earthed

(c) DC three wires 

(5) Underground Cables



DISTRIBUTION OF ELECTRC POWER



CLASSIFICATION OF DISTRIBUTION SYSTEM

(1) According to nature of current 

(a) DC distribution system

(b) AC distribution system

(2) According to type of construction 

(a) Over head distribution system

(b) Under ground distribution system 

(3) According to scheme of connection

(a) Radial distribution system

(b) Ring main distribution system

(c) Interconnected distribution system

(d) Parallel feeder distribution system



NATURE OF CURRENT 



TYPE OF CONSTRUCTION

OVER HEAD UNDER GROUND 



ACCORDING TO SCHEME OF CONNECTION





INTERCONNECTED DISTRIBUTION SYSTEM

When a ring main feeder is energized by

two (or) more substations (or) generating

stations it is called as an interconnected

distribution system.

This system ensures reliability in an event

of transmission failure. Also any area fed from

one generating stations during peak load hours

can be fed from the other generating station

(or) substation for meeting power

requirements from increased load.



The initial cost of this system is

much more as the number of

feeders is doubled.

Such system may be used

where reliability of the supply is

important (or) for long sharing

where the loads is high.



AIR AND GAS INSULATED 
SUBSTSTIONS







DEFINITION OF SUBSTATION
A substation may be defined ad an assembly of apparatus installed to 

perform any one (or) more (or) all of the following operation

To switch ‘ON’ and ‘OFF’ the power lines known as switching operation.

To transform voltage from higher to lower (or) lower to higher known as
voltage transformation operation.

To convert ‘AC’ to ‘DC’ (or)  vice-versa known as power conversion operation.

To convert frequencies from higher to lower (or0 lower to higher frequency 
converting operation.

To improve the power factor by installing synchronous condensers at the end 
of the line, known as power factor correction operation.



CLASSIFICATION OF SUBSTATIONS

1. Based on service

a) Static (alternating )

b) Converting 

2. Based on function

a) extra high voltage transmission

b) distribution 

c) industrial

d) power factor correction

e) frequency changer



3. Type of apparatus

a) Transformer 

i) Step Up (or) primary substations

ii) step up and step down (or) secondary 
substations

iii) step down (or) distribution substation.

b)  Rotary converter

c) Rectifier 

d) Motor generator 

4.    based on control

a) manual

b) Automatic

c) Supervisory           



5. Constructional 

a) Under ground 

b) Indoor

c) Outdoor

d) pole mounted 

e) plinth mounted

6. Insulation

a) AIS  (Air Insulated Substation)

b) GIS (Gas Insulated Substation)



SYMBOLS FOR EQUIPMENT IN SUBSTATION







Under Ground substation



OUTDOOR SUBSTATION LAYOUT 





BUS BAR ARRANGEMENTS IN THE SUBSTATION













GAS INSULATED SUBSTATIONS









SINGLE LINE DIAGRAM OF GIS



COMPARISON BETWEEN AIS AND GIS







UNIT-IV

POWER FACTOR IMPROVEMENT 
AND 

VOLTAGE CONTROL



Power Factor

In electrical engineering, the power factor of an AC power system is
defined as the ratio of the real power absorbed by the load to the apparent power
flowing in the circuit.

Since the units are consistent, the power factor is by definition
a dimensionless number between -1 and 1. When power factor is equal to 0, the
energy flow is entirely reactive and stored energy in the load returns to the source
on each cycle. When the power factor is 1, referred to as unity power factor, all
the energy supplied by the source is consumed by the load. Power factors are
usually stated as "leading" or "lagging" to show the sign of the phase angle.
Capacitive loads are leading (current leads voltage), and inductive loads are
lagging (current lags voltage).

https://en.wikipedia.org/wiki/Dimensionless_number




WHAT IS AN ELECTRICAL LOAD?

An electrical load is any electrical appliance
that consumes electrical energy and convert it
into heat or in other form. Different electrical
devices use electrical power to convert it into
other form. For example resistive loads like heater
convert electrical power into heat, industrial and
domestic motors transform electrical energy into
motion.



TYPES OF LOADS 

1)Residential Loads

2)Commercial Loads

3)Industrial Loads

4)Agricultural Loads

5)Municipal Loads

6)Traction Loads



• AC electrical loads are referred to either as linear or non-linear depending on how they draw 
current from the mains power supply waveform.

• With a linear load, the relationship between the voltage and current waveforms are sinusoidal 
and the current at any time is proportional to the voltage (Ohm’s law). Examples of linear 
loads would include transformers, motors and capacitors.

• On the other hand, with a non-linear load the current isn’t proportional to the voltage and it 
fluctuates based on the alternating load impedance.

• Common examples of non-linear loads include rectifiers, variable-speed drives and electronic 
devices such as computers, printers, TVs, servers and telecoms systems that use switched-
mode power supply (SMPS) power conversion technologies. They are also typically found 
with blade servers.

• Non-linear loads draw in currents in abrupt short pulses. These pulses distort the current 
waveforms, which in turn generates harmonics that can lead to power problems affecting both 
the distribution system equipment and the loads connected to it.

• Harmonics can cause problems such as distortion of the mains supply voltage, equipment 
overheating, nuisance tripping of circuit breakers, and misfiring of variable speed drives.































VOLTAGE CONTROL

In power system networks, while supplying power
through a transmission line, we keep the voltage
constant at the sending end. The voltage at the receiving
end undergoes a change that does not depend on the
load and power factor. Voltage control should therefore
be considered in power system networks as the voltage
changes while transmitting power from sending end to
end.



NEED  OF VOLTAGE CONTROL

Variation of voltage while power is
transmitted from one place to another in
power system networks. In order to maintain
the variations in voltage within a permissible
limit, we employ methods to control voltage.



•The voltage must be set within the permissible
limits since most electrical devices and
appliances are designed to work at a specific
voltage, the need for constant voltage is very
important. Wide variations in voltage can cause
errors in the operation and performance of
electrical devices.

• In the context of Nepal, the voltage variation
limit is ±10% for transmission and ±5% for the
distribution systems.



Methods of Voltage Control
1. Using Shunt Capacitor

We use a shunt capacitor in
the case of inductive load. Shunt
capacitors are positioned near the
receiving end of the substation or
industrial loads. In the case of
inductive loads, the system’s power
factor reduces, and IXL drop, i.e.
inductive reactance drop, increases,
causing voltage fluctuations. Shunt
capacitors are suitably switched to
compensate for the effect of
inductive loads and line voltage is
regulated.



2. Using Series Capacitors

• The use of a series capacitor 
reduces the transmission line’s 
net reactance, thereby reducing 
the voltage drop between the 
sending end and receiving end.

• The main disadvantage of this 
method is the production of high 
voltage across the capacitor 
during the event of a fault or 
short circuit. Due to this 
reaction, there should be 
provision for additional 
protection of the capacitor.





4. Using Tap Changing Transformer

• In transmission and distribution networks of power system networks, 
tap changing transformers are used for voltage control.

• In a tap changing transformer, the voltage on the secondary 
transformer can be adjusted by adjusting the tap or in other words, 
adjusting the number of spins on the transformer secondary emf.

• The charge in the tap of the transformer results in a change in the 
number of turns on the secondary side of the transformer and 
thereby voltage can be changed and adjusted.

• OFF-load and ON-load tap changing transformers are used for this 
purpose.









Booster transformer



ECONOMIC ASPECTS OF POWER 
GENRATION AND TARIFF

































THREE PART TARIFF














