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Power, Energy, and Loads

Power: Power is defined as the work performed per unit time. So, dimensionally, it is expressed as
joules per second, Js~'. According to this general definition, electric power is the electric work or
energy dissipated per unit time and, dimensionally, it yields:

Jst=J0 ' xCs ' =V x A
where, J=Joules
s=Seconds
C=Coulombs
V=Volts
A=Amperes
The product voltage times current gives an electrical quantity equivalent to power.
* Active Power (P):

* Active power, also called real power, is the actual power that is consumed by
electrical devices to perform useful tasks such as lighting, heating, or running
machinery.

* Units: Measured in Watts (W) or Kilowatts (kW).

» This power is directly proportional to the amount of work done by an electrical
device.

* Formula: P=V-I-cos¢,

where:

* V: Voltage (Volts)

e [: Current (Amperes)

* cosd: Power factor (represents the phase difference between voltage and
current).

Example:
If a motor consumes 1000W of active power, this is the power used to turn its shaft and
perform mechanical work.

* Reactive Power (Q):

* Reactive power flows between the power source and reactive components like
inductors (coils) or capacitors. It is not used to perform useful work but is essential
for maintaining the electromagnetic fields in such components.

* Units: Measured in Volt-Amperes Reactive (VAR).



Formula: Q=V-I-sin¢

Significance:
Reactive power does not result in useful work but is critical for the operation of devices like

motors and transformers.

* Apparent Power (S):

Apparent power is the total power supplied by the source, which includes both active
power (P) and reactive power (Q).
Units: Measured in Volt-Amperes (VA).

Formula: S = /P2 + Q2

Key Insight:
Apparent power represents the capacity of the electrical system to supply power. Larger
apparent power requires thicker wires and larger transformers, even if only a fraction is used

for active power.

Power Factor and Its Significance

* Power Factor (PF):

Power factor is the ratio of active power (P) to apparent power (S) in a circuit.
Formula: PF=cos¢=P/S

A power factor closer to 1 indicates efficient use of power. A low power factor means
more apparent power is needed for the same active power, which increases losses in
the system.

* Significance of Power Factor:

Improved Efficiency: A higher power factor reduces energy losses in transmission
lines and reduces stress on transformers and other equipment.

Cost Savings: Many electricity providers impose penalties for low power factor
because it demands more capacity from their grid.

System Stability: A poor power factor causes instability in voltage and current in the
electrical network.

* Methods to Improve Power Factor:

Installing capacitor banks to counteract lagging reactive power caused by inductive
loads.

Using synchronous condensers in large industrial applications.

Employing power factor correction devices in commercial and residential systems.

Energy Consumption and Efficiency Calculations

* Energy Consumption:



* Energy refers to the total electrical work done over time. It is the product of power
and time.

* Units: Measured in kilowatt-hours (kWh).

* Formula: Energy (kWh)=Power (kW)xTime (hours)

Example:
A 100W bulb running for 10 hours consumes:

Energy=0.1kWx10hours=1kWh.

Q. If a 45W ceeling fan is running for 7hours everyday during summer, how much will be
the energy consumption in the month of August 2024?

Efficiency:
» Efficiency is the ratio of useful output energy to the total input energy.
Output
* Formula: Ef ficiency(%) = ZWPUPOWET . 100
Inputpower

Example:
If an electric motor has an input power of 2kW but delivers only 1.8kW of mechanical work,
the efficiency is:

1.
Efficiency:78 x 100 = 90%

Power Measurement Techniques and Instruments

* Techniques:

* Direct Measurement: Using wattmeters for instantaneous power measurements.
* Indirect Measurement: Measuring voltage and current separately and calculating
power using formulas.
* Advanced Monitoring: Using smart energy analyzers to record active, reactive, and
apparent power in real-time.
Instruments:

* Analog Wattmeters: Basic devices for measuring power in simple AC or DC
systems.

* Digital Power Analyzers: Provide precise readings of voltage, current, power, and
harmonic distortions.

* Energy Meters: Used in households and industries to measure energy consumption
over time.

Power Measurements in dc Circuits:

Electric power (P) dissipated by a load (L) fed by a dc power supply (E) is the product of the
voltage across the load (V1) and the current flowing in it (I.): P=V.x I,



Therefore, a power measurement in a dc circuit can be generally carried out using a voltmeter (V)
and an ammeter (A) according to one of the arrangements shown in Figure 1. In the arrangement of
Figure 1(a), the ammeter measures the current flowing into the voltmeter, as well as that into the
load; whereas in the arrangement of Figure 1(b), this error is avoided, but the voltmeter measures
the voltage drop across the ammeter in addition to that dropping across the load. Thus, both
arrangements give a surplus of power measurement absorbed by the instruments. The corresponding
measurement errors are generally referred to as insertion errors.
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(a) (b)
Fig. 1: Two arrangements for dc power measurement circuits.

Power Measurements in ac Circuits

All the above considerations relate to dc power supplies. Now look at power dissipation in ac fed
circuits. In this case, electric power, defined as voltage drop across the load times the current
flowing through it, is the function: p(t)=v(t) x i(t)

referred to as the instantaneous power. In ac circuits, one is mainly interested in the mean value of
instantaneous power for a defined time interval. In circuits fed by periodic ac voltages, it is relevant
to define the mean power dissipated in one period T (active power P):

1 T
P=_ ¢
T/o p(t)d

The simplest case is a sinusoidal power supply feeding a purely resistive load. In this case, v(t) and
i(t) are in phase and p(t) is given by: p(t) = VI[1 — cos(2wt)]

where, V and I = rms value of v(t) and i(t), respectively and w is the power supply angular
frequency.

Therefore, the instantaneous power is given by a constant value VI plus the ac quantity oscillating
with twice the angular frequency of the power supply; thus, the active power is simply the product
VL. In this case, all the above considerations referring to active power for dc circuits are still correct,
but voltages and currents must be replaced by the corresponding rms values.

Line-Frequency Power Measurements:

For line applications where the power is directly derived by the source network, the assumption of
infinite power source can be reliably made, and at least one of the two quantities voltage or current
can be considered as sinusoidal. In this case, the definition of the power as the product of voltage
and current means that only the power at the fundamental frequency can be examined
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Fig 2: Waveforms of instantaneous power (p), voltage (v) and current (t).

Electrical Loads

An electrical load is any electrical device or component that consumes electrical energy and
converts that energy into another form. As part of any electrical circuit, the component transforms
current into something useful, commonly motion, light, or heat. An electric lamp, resistor, or even a
motor are simple examples. Broadly speaking, the electrical load can refer to: the equipment that
uses electrical energy; the power required from a given circuit; the current (or power) passing
through the line.

Types of Electrical Loads

¢ Resistive Loads:

Any load that consists of a heating element is generally referred to as a resistive load. A
resistive load obstructs the flow of energy in the circuit, converting it to thermal energy. See
incandescent lamps and electric heaters.

Importantly, resistive loads draw electrical power in a way that keeps the current and voltage
waves in phase. The power factor for a resistive load is unity.

* Examples: Incandescent bulbs, heaters.
* Characteristics: Voltage and current are in phase, and power is entirely active.
* Inductive Loads:

An inductive load is quite different and will use a magnetic field to do all of the work. In this
case, the load could be a transformer, generator, or, more commonly, a motor. An inductive
load has a coil that stores magnetic energy when current passes through it. This means that
the current wave trail behind the voltage wave. Therefore, the power factor of an inductive
load is lagging.

* Examples: Motors, transformers, fans.
* Characteristics: Current lags behind voltage, causing reactive power.
* Capacitive Loads:

The current wave leads the voltage wave in a capacitive load. The current wave reaches a
maximum before the voltage wave, and that means that the power factor is leading.



Interestingly, there are no standalone capacitive loads — no one load is capacitive, such as a
lightbulb or a motor. Capacitors are used in large power circuits to control power usage. In
fact, the majority of modern power circuits will use a combination of resistive, inductive,
and capacitive loads. For example, you’ll almost always find a capacitor (capacitive load)
being used to help control a motor (inductive load) during start-up or while it’s running.

» Examples: Capacitors in electrical circuits, synchronous motors.
* Characteristics: Current leads voltage, supplying reactive power.
* Mixed Loads:

* Combination of resistive, inductive, and capacitive elements, commonly found in
practical systems.

Power Electronic Loads

The control of electric motor drives requires control of electric power. Power electronics have eased
the concept of power control. Power electronics signifies the word power electronics and control or
we can say the electronic that deal with power equipment for power control.

Power electronics based on the switching of power semiconductor devices. With the development of
power semiconductor technology, the power handling capabilities and switching speed of power
devices have been improved tremendously.
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Fig 3: Schematic diagram for electronic power circuit
* Rectifiers:

A rectifier is an electrical device that converts alternating current (AC), which periodically
reverses direction, to direct current (DC), which flows in only one direction. Nonlinear loads
that generate harmonics in the power system.

* In half-wave rectification of a single-phase supply, either the positive or negative half of the
AC wave is passed, while the other half is blocked. Because only one half of the input
waveform reaches the output, mean voltage is lower. Half-wave rectification requires a
single diode in a single-phase supply, or three in a three-phase supply. Rectifiers yield a
unidirectional but pulsating direct current; half-wave rectifiers produce far more ripple than



full-wave rectifiers, and much more filtering is needed to eliminate harmonics of the AC
frequency from the output.

Fig. 4: Half-wave rectifier, 'U' denotes voltage, 'D' denotes a diode, and 'R' a resistance

* A full-wave rectifier converts the whole of the input waveform to one of constant polarity
(positive or negative) at its output. Mathematically, this corresponds to the absolute value
function. Full-wave rectification converts both polarities of the input waveform to pulsating
DC (direct current), and yields a higher average output voltage. Two diodes and a center-
tapped transformer, or four diodes in a bridge configuration and any AC source (including a
transformer without center tap), are needed.[5] Single semiconductor diodes, double diodes
with a common cathode or common anode, and four- or six-diode bridges are manufactured
as single components.
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Fig. 5: Full wave rectifier with two diodes.

* Inverters: A power inverter, inverter, or invertor is a power electronic device or circuitry
that changes direct current (DC) to alternating current (AC). The resulting AC frequency
obtained depends on the particular device employed. Inverters do the opposite of rectifiers
which were originally large electromechanical devices converting AC to DC.

The input voltage, output voltage and frequency, and overall power handling depend on the
design of the specific device or circuitry. The inverter does not produce any power; the
power is provided by the DC source.

A power inverter can be entirely electronic or maybe a combination of mechanical effects
(such as a rotary apparatus) and electronic circuitry. Static inverters do not use moving parts
in the conversion process.

Power inverters are primarily used in electrical power applications where high currents and
voltages are present; circuits that perform the same function for electronic signals, which
usually have very low currents and voltages, are called oscillators. Circuits that perform the
opposite function, converting AC to DC, are called rectifiers.

* Motor Drives: An electric motor is a device that converts electrical energy to mechanical
energy. It also can be viewed as a device that transfers energy from an electrical source to a
mechanical load. The system in which the motor is located and makes it spin is called the



drive, also referred to as the electric drive or motor drive. The function of the motor drive is
to draw electrical energy from the electrical source and supply electrical energy to the motor,
such that the desired mechanical output is achieved. Typically, this is the speed of the motor,
torque, and the position of the motor shaft.
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Fig. 6: Block diagram of a motor drive

The functions of the power converter circuit in the motor drive are:

» Transfer electrical energy from a source that could be of a given voltage, current at a
certain frequency and phase as the input

* To an electrical output of desired voltage, current, frequency and phase to the motor
such that the required mechanical output of the motor is achieved to drive the load

* Controller regulates energy flow through feedback coming from the sensor block

* Signals measured by sensors from the motor are low-power, which are then sent to
the controller

* Controller tells the converter what it needs to be doing. A closed-loop feedback
system is the method of comparing what is actually happening to what the motor
should be outputting, then adjusting the output accordingly to maintain the target
output
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Fig. 7: Classifications of electrical motos




Load Selection and Matching in Practical Applications

¢ Load Selection:

* Select loads based on application requirements and energy efficiency.
* Resistive loads are best for heating, while inductive loads are used in rotating
machinery.
* Matching Loads:

* Ensure loads match the power source capacity to avoid energy losses or equipment
failure.

* Example: Motors with a lower power rating than required may overheat and fail
prematurely.

Power Distribution Systems

The main components of power distribution systems are:

Substations.

Distribution Feeder Circuits.
Switches.

Protective Equipment.
Primary Circuits.
Distribution Transformers.
Secondaries, and.

Services.

Transformers: Transformers classify according to their construction Depending upon the manner
in which the primary and secondary are wound on the core, transformers are of two types viz., (i)
core-type transformer and (ii) shell-type transformer.

e Core form: In the core form, the windings are wrapped around the core (the windings
surrounded the core considerably. Core construction is desirable when compactness is a
major requirement. Figure (8) illustrates core type configurations three-phase transformers

* Shell form: Shell form transformers completely enclose the windings inside the core
assembly(the core surround the windings). Shell construction is used for larger transformers,
although some core-type units are built for medium and high capacity use. Shell
construction is also more flexible, because it allows a wide choice of winding arrangements
and coil groupings.
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Fig. 8: Core type and shell type transformers
Transformers classify according to their Applications:
There are four principal applications of transformers viz.
(i) power transformers (ii) distribution transformers (iii) Autotransformers

(iv) instrument transformers

(i) Power Transformers: They are designed to operate with an almost constant load which is equal
to their rating. The maximum efficiency is designed to be at full-load. This means that full-load
winding copper losses must be equal to the core losses. A power transformer has two or more
windings wound on a laminated iron core. The transformer is used to supply stepped up and stepped
down values of voltage to the various circuit in electrical equipment.

(ii) Distribution Transformers: These transformers have variable load which is usually considerably
less than the full-load rating. Therefore, these are designed to have their maximum efficiency at
between 1/2 and 3/4 of full load. A distribution transformer has two windings wound on a laminated
iron core. The transformer is used to supply stepped down values of voltage to the various circuit in
electrical equipment.

(iii) Autotransformers:An autotransformer has a single winding on an iron core and a part of
winding is common to both the primary and secondary circuits. Fig. (9) shows the connections of a
step-down autotransformer and the connections of a step-up autotransformer. In either case, the
winding ab having N1 turns is the primary winding and winding bc having N2 turns is the
secondary winding. Note that the primary and secondary windings are connected electrically as well
as magnetically. Therefore, power from the primary is transferred to the secondary conductively as

well as inductively (transformer action). The voltage transformation ratio a of an ideal
N I

autotransformeris ¢ = V; Vo = — = =,
1Va N, 1,



An autotransformer requires less copper than an ordinary 2-winding transformer. Autotransformers
are used for starting induction motors (reducing applied voltage during starting) and in boosters for
raising the voltage of feeders.
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Fig. 9: Connections of Autotransformer
(iv) Instrument transformers:
Current and voltage transformers are used to extend the range of a.c. instruments.

(a) Current transformer: A current transformer is a device that is used to measure high alternating
current in a conductor. The conductor carrying large current passes through a circular laminated iron
core. The conductor constitutes a one-turn primary winding. The secondary winding consists of a
large number of turns of much fine wire wrapped around the core. Due to transformer action, the
secondary current is transformed to a low value which can be measured by ordinary meters.

(b) Voltage transformer:

It is a device that is used to measure high alternating voltage. It is essentially a step-down
transformer having small number of secondary turns. The high alternating voltage to be measured is
connected directly across the primary. The low voltage winding (secondary winding) is connected
to the voltmeter. The power rating of a potential transformer is small (seldom exceeds 300 W) since
voltmeter is the only load on the transformer.

(v) Audio-frequency transformer:
A transformer used in audio-frequency circuits to transfer AF signals from one circuit to another.

(vi) Radio-frequency transformer: A transformer used in radio-frequency circuits to transfer RF
signals from one circuit to another.

(vii) Impedance-Matching Transformer: A transformer used to match the impedance of the
source and the impedance of the load. The mathematical relationship of the turns and impedance of
the transformer is expressed by equation:
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Distribution transformers and substations

Substation: A substation is a part of an electrical generation, transmission, and distribution system.
Substations transform voltage from high to low, or the reverse, or perform any of several other
important functions. Between the generating station and consumer, electric power may flow through
several substations at different voltage levels. A substation may include transformers to change
voltage levels between high transmission voltages and lower distribution voltages, or at the
interconnection of two different transmission voltages.

Construction:

Substations may be designed and built by a contractor or alternately all phases of its development
may be handled by the electrical utility. Most commonly, the utility does the engineering and
procurement while hiring a contractor for actual construction. Major design constraints for
construction of substations include land availability and cost, limitations on the construction period,
transportation restrictions, and the need to get the substation running quickly. Prefabrication is a
common way to reduce the construction cost. For connecting the new substation, a partial outage at
another substation may be required, but the utility often tries to minimize downtime.

Transmission substation

A transmission substation connects two or more transmission lines. The simplest case is where all
transmission lines have the same voltage. In such cases, substation contains high-voltage switches
that allow lines to be connected or isolated for fault clearance or maintenance. A transmission
station may have transformers to convert between two transmission voltages, voltage control/power
factor correction devices such as capacitors, reactors or static VAR compensators and equipment
such as phase shifting transformers to control power flow between two adjacent power systems.

Transmission substations can range from simple to complex. A small "switching station" may be
little more than a bus plus some circuit breakers. The largest transmission substations can cover a
large area (several acres/hectares) with multiple voltage levels, many circuit breakers, and a large
amount of protection and control equipment (voltage and current transformers, relays and SCADA
systems). Modern substations may be implemented using international standards such as IEC
Standard 61850.

Distribution substation: A distribution substation transfers power from the transmission system to
the distribution system of an area. It is uneconomical to directly connect electricity consumers to the
main transmission network, unless they use large amounts of power, so the distribution station
reduces voltage to a level suitable for local distribution.

The input for a distribution substation is typically at least two transmission or sub-transmission
lines. Input voltage may be, for example, 115 kV, or whatever is common in the area. The output is
a number of feeders. Distribution voltages are typically medium voltage, between 2.4 kV and 33 kV,



depending on the size of the area served and the practices of the local utility. The feeders run along
streets overhead (or underground, in some cases) and power the distribution transformers at or near
the customer premises.

In addition to transforming voltage, distribution substations also isolate faults in either the
transmission or distribution systems. Distribution substations are typically the points of voltage
regulation, although on long distribution circuits (of several miles/kilometers), voltage regulation
equipment may also be installed along the line.

The downtown areas of large cities feature complicated distribution substations, with high-voltage
switching, and switching and backup systems on the low-voltage side. More typical distribution
substations have a switch, one transformer, and minimal facilities on the low-voltage side.

Collector substation: In distributed generation projects such as a wind farm or photovoltaic power
station, a collector substation may be required. It resembles a distribution substation although power
flow is in the opposite direction, from many wind turbines or inverters up into the transmission grid.
Usually for economy of construction the collector system operates around 35 kV, although some
collector systems are 12 kV, and the collector substation steps up voltage to a transmission voltage
for the grid. The collector substation can also provide power factor correction if it is needed,
metering, and control of the wind farm. In some special cases a collector substation can also contain
an HVDC converter station.

Collector substations also exist where multiple thermal or hydroelectric power plants of comparable
output power are in proximity. If no transformers are required for increasing the voltage to
transmission level, the substation is a switching station.

Converter substations: Converter substations may be associated with HVDC converter plants,
traction current, or interconnected non-synchronous networks. These stations contain power
electronic devices to change the frequency of current, or else convert from alternating to direct
current or the reverse. Formerly rotary converters changed frequency to interconnect two systems;
nowadays such substations are rare.

Switching station: A switching station is a substation without transformers and operating only at a
single voltage level. Switching stations are sometimes used as collector and distribution stations.
Sometimes they are used for switching the current to back-up lines or for parallelizing circuits in
case of failure. An example is the switching stations for the HVDC Inga—Shaba transmission line. A
switching station may also be known as a switchyard, and these are commonly located directly
adjacent to or nearby a power station. In this case the generators from the power station supply their
power into the yard onto the generator bus on one side of the yard, and the transmission lines take
their power from a Feeder Bus on the other side of the yard.

An important function performed by a substation is switching, which is the connecting and
disconnecting of transmission lines or other components to and from the system. Switching events
may be planned or unplanned. A transmission line or other component may need to be de-energized
for maintenance or for new construction, for example, adding or removing a transmission line or a
transformer. To maintain reliability of supply, companies aim at keeping the system up and running
while performing maintenance. All work to be performed, from routine testing to adding entirely
new substations, should be done while keeping the whole system running.



Railways: Electrified railways also use substations, often distribution substations. In some cases a
conversion of the current type takes place, commonly with rectifiers for direct current (DC) trains,
or rotary converters for trains using alternating current (AC) at frequencies other than that of the
public grid. Sometimes they are also transmission substations or collector substations if the railway
network also operates its own grid and generators to supply the other stations.

Mobile substation: A mobile substation is a substation on wheels, containing a transformer,
breakers and buswork mounted on a self-contained semi-trailer, meant to be pulled by a truck. They
are designed to be compact for travel on public roads, and are used for temporary backup in times
of natural disaster or war. Mobile substations are usually rated much lower than permanent
installations, and may be built in several units to meet road travel limitations.

Safety in power distributions: Because of the risk of electrical shock, substations are inherently
dangerous to electrical workers. To mitigate this hazard, substations are designed with various
safety features. Live conductors and bare equipment are kept separate, either with protected
equipment, or using screens or distance. Based on the jurisdiction or company, there are safety
standards with minimum required clearance between different live equipment or conductors or
between live metal and the ground, which often varies with higher clearance being required for
higher voltages because of the greater ability to generate flashover. To this is added the necessary
space for employees to work safely and vehicles to pass. Sometimes it is necessary to work on parts
of the substation while energized, but employees must maintain a safe distance of at least 3 metres
(9.8 ft). The aim to reduce substation footprints comes into conflict with ease of maintenance
enhanced by including gaps where employees can safely work.

Underneath a substation, a mat or grid of conductors laid around 0.5 or 0.6 metres (1 ft 8 inor 2 ft 0
in) underground provides grounding. This grid, which is typically copper although it may be
galvanized iron in some countries, is used to ground circuits that are being worked on to prevent
accidental re-energization while workers are in contact with a de-energized circuit. Often, earth rods
are driven deeper into the ground from the grounding grid for lower resistance grounding, and may
be surrounded by bentonite or marconite to further reduce resistance and ensure effective grounding
for the lifetime of the substation. Above ground, the grounding conductors may be steel, aluminum,
or copper. They must be thick enough to carry the expected current of a fault for 1-3 seconds and
remain undamaged. Substation fences, typically at least 2 metres (6 ft 7 in) in height, both protect
the public from electrical hazards and also protect the substation from vandalism. Internal fences
can also be incorporated to protect employees from areas that are unsafe when energized.

Use of Protective Equipment: Employees working in areas where there are potential electrical
hazards must be provided with and use electrical protective equipment appropriate for the parts of
the body to be protected and the work performed. Protective equipment must be maintained in a
safe, reliable condition and be periodically inspected or tested as required by 29 CFR 1910.137,
Electrical Protective Devices. Where the insulating capability of protective equipment is subject to
damage during use, the insulating material must be protected by covering with leather or other
appropriate materials. Nonconductive head protection must be worn wherever there is danger of
head injury from electrical shock or burns due to contact with exposed energized parts. Protective



equipment for the eyes must be worn where there is danger of eye and/or face injury from electric
arcs and flashes or flying objects resulting from electrical.

General Protective Equipment and Tools

Insulated tools and handling equipment must be used by employees working near exposed
energized conductors or circuit parts if the tools and/or equipment may make contact with the
conductors or parts. The insulating material of tools and equipment must be protected where it is
subject to damage. Fuse handling equipment, insulated for the circuit voltage, must be used to
remove or install fuses when the fuse terminals are energized. All ropes and hand lines used near
exposed energized parts must be nonconductive. Protective shields, protective barriers, or insulating
material must be used to protect employees from shock, burns, or other electrical related injuries
while employees are working near exposed energized parts which might be contacted or where
dangerous electric heating or arcing might occur. When normal enclosed live parts are exposed for
maintenance or repair, the parts must be guarded to protect unqualified persons from contact with
the live parts.

Transmission and distribution (T&D) losses:

Transmission and distribution (T&D) losses are the amount of electricity that is generated but not
delivered to consumers. These losses can occur during the transmission of electricity from the
source to the distribution points, and during the distribution to consumers. T&D losses can be
caused by a number of factors, including:

Resistance: The electrical conductors have some resistance, which causes power loss
Transformers: Inefficiencies in the distribution transformers can cause losses
Power theft: Theft of electricity is a major cause of T&D losses

Other factors: Other factors that can contribute to T&D losses include the size of the conductors,
the distance between transformers and load centers, and the power factor of the distribution system

T&D losses are considered a waste of power and money, and can indicate a decrease in efficiency.
The ideal level of T&D losses is between 6—-8%, but in India, T&D losses have been over 20% of
generation.

Some ways to reduce T&D losses include: Using high quality wires with the appropriate resistance,
Positioning transformers properly, Implementing energy audit schemes, and Replacing old
conductors or cables.

Safety Considerations and Protective Devices in Power Distribution

Power distribution systems deliver electrical energy from substations to end-users. While these
systems are designed for efficiency and reliability, they inherently carry risks due to high voltages
and currents. Safety in power distribution is critical to protect personnel, equipment, and the public
from electrical hazards.



Safety Considerations in Power Distribution
1. Electrical Hazards
Electrical hazards arise mainly from:

* Electric shock: Flow of current through the human body can cause burns, cardiac arrest, or
death.

* Arc flash: Intense thermal and luminous discharge caused by fault currents.

* Arc blast: Sudden expansion of air due to high temperatures during a fault, leading to
pressure waves.

* Fire hazards: Overheating and insulation failure can cause fires.

2. Safe Design Principles

* Grounding and Earthing: Prevents buildup of static charges and ensures that fault currents
flow safely to the ground.

* Insulation: Prevents direct contact with live conductors.
* Segregation of Circuits: Separates high and low voltage circuits to avoid cross-contact.

* Proper Clearance: Maintains safe distances between live parts and accessible areas.

3. Operational Safety

* Follow Lockout-Tagout (LOTO) procedures before maintenance.

* Use Personal Protective Equipment (PPE): Insulated gloves, helmets, face shields, and
flame-resistant clothing.

* Ensure regular inspection and maintenance of switchgear, transformers, and cables.

* Train personnel in emergency response and first aid.

Protective Devices in Power Distribution

Protective devices are essential to ensure the safety and reliability of electrical systems. They detect
abnormal conditions (faults) and isolate the affected portion of the network.

1. Fuses

* A fuse is a sacrificial device that melts when excessive current flows through it.
* Types: Cartridge, rewirable, high-rupturing capacity (HRC).

* Function: Provides overcurrent and short-circuit protection.

2. Circuit Breakers (CBs)

* Automatically interrupt the current flow when a fault occurs.
* Types:

* Miniature Circuit Breaker (MCB) — for low current circuits.



* Molded Case Circuit Breaker (MCCB) — for higher currents.

* Air Circuit Breaker (ACB), Oil Circuit Breaker (OCB), SF6 Circuit Breaker, Vacuum
Circuit Breaker (VCB) — used in substations.

* Advantages: Can be reset after tripping; provides protection against overcurrent, short

circuit, and earth fault.

3. Relays

* Detect abnormal current or voltage conditions and trigger circuit breakers.
» Types: Electromagnetic, static, and numerical relays.

* Common relay functions: Overcurrent, differential, distance, and earth fault protection.

4. Lightning Arresters

* Protect equipment from overvoltage transients caused by lightning or switching surges.

* Installed at the entry points of transmission lines and substations.

5. Surge Protectors

* Protect sensitive electronic equipment from voltage spikes.

* Divert excess voltage to the ground.

6. Earthing and Ground Fault Protection
* Provides a low-resistance path for fault currents.
* Earth Leakage Circuit Breaker (ELCB) and Residual Current Device (RCD) detect

leakage currents and disconnect supply to prevent electric shock.

7. Isolation Devices

» Isolators and disconnect switches are used to ensure safe maintenance by physically
disconnecting circuits.

Coordination of Protective Devices

* Protection devices must be coordinated to ensure selective tripping — only the faulty
section is isolated.

» Coordination involves setting correct current and time characteristics.

* Example: A fuse should blow before a circuit breaker trips for minor downstream faults.

Standards and Regulations:

* IEC (International Electrotechnical Commission)
* IEEE (Institute of Electrical and Electronics Engineers)

* IS (Indian Standards) for earthing, insulation, and safety clearances.



Regulations typically require:
* Regular testing of protective devices.

* Compliance with safe installation codes (e.g., National Electrical Code, IE Rules).

Safety in power distribution is a combination of good design, reliable protective devices, and
disciplined operation. Understanding and implementing proper protection schemes minimize
downtime, equipment damage, and safety risks.

Protective devices such as fuses, relays, circuit breakers, and grounding systems form the backbone
of electrical safety — ensuring that faults are detected and isolated swiftly to maintain safe and
stable operation of power systems.
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