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About this Book
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1. Basic Concepts of
Electricity and
Electronics
Unit 1.1 – Basics of Electricity
Unit 1.2 – Basics of Electronics and Light Emitting Diode
(LED)
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Key Learning Outcomes
At the end of this module, you will be able to:
•
•
•
•
•
•
•
•
•
•

Define voltage, current, power and energy
Explain different types of connections
Identify the use of a multimeter
Explain the basics of wiring
Recognize the importance of an earthing system
Identify electronic components
Explain the working of an LED
List the factors affecting the life of an LED
Identify the specifications of an LED
Explain the indoor and outdoor lighting system
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UNIT 1.1: Basics of Electricity
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•

Define voltage, current, power and energy
Explain different types of connections
Identify the use of a multimeter
Explain the basics of wiring
Recognize the importance of an earthing system

1.1.1 Basic Parameters of Electricity
Electricity is a natural force that comes into existence whenever there is a flow of electric
charge between two components. When working with circuits, there is need for the users to
be aware about some of the basic concepts of electricity, otherwise an incorrect connection
in a circuit may cause high damage to people and the circuit components.
The main terms associated with electricity are as follows:
• Current
• Voltage
• Power
• Energy

Current
When electrons inside any material move, flow of electricity takes place. This flow is called
current. It is measured in amperes.

Voltage
In an electrical circuit, the current flows only when there is a voltage source. Voltage is the force
pushing electrons through the wire.

Power
When electricity flows in an electrical circuit, it results in some work done. For example,
when electricity flows in a fan, the blades of the fan rotate and when the electricity flows in
a refrigerator, it cools things inside. Thus, when electricity flows through an appliance, it
results in some work done.
Electrical power is the rate at which an electric circuit transfers electrical energy. Electrical
power is similar to mechanical power and can be considered as the rate at which electrical
work is done. It is measured in watts (one joule per second) and represented as P. Electric
power in watts is also called wattage. Power is calculated using the formula:
P= work done per unit time = VQ/t = VI
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where P is the electric power in watts determined when an electric current represented by I
in amperes with a charge Q in coulombs passes through an electrical potential difference
denoted by V in time t seconds.
Electric power is produced by electric generators in an electric power generation unit called
a grid. This power is further supplied to residential and commercial location. It can also be
produced by other sources such as electric batteries. The energy delivered and consumed by
electric utilities is measured using an electricity meter.

Energy
If the electrical power is the rate or speed of work done, then electrical energy is the total
amount of work done in a given time period. It is the product of power of electrical
appliance and duration of its usage. Consider the following equation to determine electrical
energy:
Electrical Energy (E) = Power (P) x Duration of Energy usage (T) = Power (Watt) x Time (hour)
E (Wh) = P (W) x T (h)
Power = Energy / Time

1.1.2 Electrical Circuit
The interconnection of various electrical components is called an electrical circuit. The
basic components of a circuit are:
•
•
•
•

Power source such as a battery
Wire running from the hot side to a load
Wire running from the load to the power source
Switch to open or close the circuit

The load will operate when the circuit is closed or complete. The following figures show an open
and a close circuit:

Fig. 1.1.1: An open and a close circuit

In an electrical circuit, power flows in two forms:
• DC power
• AC Power
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DC Circuit and AC Circuit
DC power flows in a DC circuit. A DC circuit is a circuit in which current flows in only one
direction. The direction of current does not change with time.
In AC circuit, current flows in both the directions; clockwise and counter clockwise. For time
period 0 to T/2, current flows in clock wise direction and for time period T/2 to T, the charge
flow reverses to counter clockwise direction. It is not only the direction but the value of
current that keeps changing with time.
The AC current changes its direction 50 times in one second, which means the power supply
has 50 Hertz frequency. The following figure shows the voltage-time relationship between AC
and DC:

Fig. 1.1.2: Voltage-Time relationship for AC and DC

Most of the home appliances such as light bulbs, TV and fans operate on AC power at 220
volts. Solar panels and batteries produce DC power. Appliances such as DC CFL lights, DC LED
lights and DC fans can run on DC power by connecting them to solar panels or batteries.
These are incapable of running on AC power supplied from the national grid.

Series and Parallel Circuit
Complex circuits, in which more than one load is connected, may be either in series or in
parallel or a combination of both. The basic working of the circuits is explained as follows:
•

•

In a series circuit, all the components are connected as a chain and the current flowing
through the components is same all over the circuit. There is only one path in the circuit
in which the current can flow. So, the current passes through each and every
component. Opening or breaking any point of a series circuit causes the whole circuit to
stop functioning and the entire circuit needs to be replaced.
In a parallel circuit, two or more components are connected in parallel. All the
components have the same voltage across them. The current flow varies across the
components. If any point of the circuit gets damaged, only that part needs to be
replaced.
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The following figure shows a series and a parallel circuit:

Fig. 1.1.3: A series and a parallel circuit

Typically, circuit breakers and fuses are in series with the load and multiple loads are in
parallel.

1.1.3 Basics of Wiring
An electrical installation is cabling and association of devices such as distribution boards,
switches, sockets and light fittings in a structure is called wiring.
Wiring is subject to safety standards for design and installation. Wire specification, cable
types and sizes are specified according to the operating voltage and electric current
capability of a circuit; with a further regulation, as per the environmental conditions, such as
ambient temperature range, moisture levels and exposure to sunlight and chemicals. It is
required to follow a wiring diagram while working with an electrical circuit.

Colour Coding of Wires
Colour coding of a wire represents the purpose for which the wire will be used. The markings
on the outer sheath indicate the type and the size of the wire. Wires inside the sheath with
their different colours serve different purposes.

Wiring Diagram
A wiring diagram is also known as an artwork or a layout diagram. It is a representation of an
electrical circuit depicting the power and signal connections between the devices and
components in an electrical circuit or a panel. The relative position and arrangement of
devices and components becomes clear after studying a wiring diagram. This information is
useful while making or servicing a device or a control panel.
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The following figure shows a wiring diagram:

Fig. 1.1.4: A wiring diagram
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The following figure lists the colour of wires that are generally used:

Black Wires

•Black denotes ungrounded line, ungrounded load and control
conductors at the line voltage.
•Black wires are used as hot wires that may feed a switch or an
outlet.
•A black wire for a ground or a neutral connection should never be
used.

Red Wires

•Red wires are also used as hot wires.
•Ungrounded AC control conductors with less than the line
voltage are red in colour.
•These are used to make interconnection between two hardwired
smoke detectors.

Green Wires

Blue and Yellow
Wires

•These are used for grounding devices and are bonded to the
junction boxes and system connections for safety purpose.
•A green conductor, with or without yellow stripes or with bare
copper wires, can be used for grounded control circuits, to join
the transformer terminal to a grounding terminal on the control
panel.
•Blue and yellow wires are used as hot wires and are usually
pulled in conduit.
•Ungrounded DC control conductors are blue in colour.
•Control circuit conductors which are ungrounded and continue to
be energized (retain their energy) even when the main is
switched-off, are represented by yellow.
Fig. 1.1.5: Wires of different colours

Wiring Requirements
In any electrical system, wires are needed to connect the power supply and the load together.
The choice of wires which includes the choice of materials for the wires, the diameter of the
wires and so on, plays an important role. The appropriate choice of wires is important because
this will:
• Reduce the electrical losses in the wires
• Help to avoid shock hazards and fire hazards in the system
• Help the system to perform better.
Electrical wires are made up of metals because metals are the most electrically conductive
materials. Wires are mostly made of metals such as silver, copper and aluminium. Copper wire is
generally used as it is cheap and available.
Generally, wires are coated with any insulating material like polyvinyl chloride (PVC), nylon and
polyester, to prevent shock hazards and energy loss through unwanted current conduction and
avoid short circuit between two wires running together.
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When a bunch of wires run side by side wherein the wires may be bonded, twisted or braided
together, it is referred as 'cables' or ‘wire cable'.

The following image shows different types of wires:

Voltage Loss in Wires

Fig. 1.1.6: Different types of wires

The voltage desirable to drive electricity in a wire is known as the voltage drop of the wire. It
is important to choose an appropriate conductor with a low resistance to minimize the
voltage loss in the DC wires and the cables in PV systems. Wires with low resistance are of
large diameter. But large diameter wires mean more material; which means large diameter
wires are more expensive than small diameter wires of the same material. There is a tradeoff between cost and resistance of wires. Therefore, some cost optimization of wires with
respect to their resistance is required.
To avoid a greater voltage loss, the wiring rules as listed in the following figure should be
considered:
The length of the wire should be as short as possible as per the
required purpose.
The voltage drop-in should not exceed 0.5V and 1V in a 12V system
and a 24V system, respectively.
A wire less than 2.5mm square in length should not be used in PV
system wiring.
Fig. 1.1.7: Wiring rules to minimize voltage loss
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Types of Wires
Wires can be divided into the following four categories, depending on their structures and
applications. The following image shows different categories of wires:

Single-stranded

Multi-stranded

Single-core

Multi-core

Fig. 1.1.8: Different categories of wires

1.1.4 Measurement of Electrical Parameters
There are many types of measuring tools available, such as voltmeter, ammeter and
multimeter, which can measure voltage, current, power and energy. Among these,
multimeter is one of the most versatile measuring tools.
A multimeter can be used for measuring voltage, current and resistance. It can also be used
for fault detection in small circuits or to find out the broken wires in a circuit.
It can be of two types:
• Analog Multimeter
• Digital Multimeter
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The following image shows the different types of multimeters:
Analog Multimeter

Digital Multimeter

It consists of a
needle which points
at the scale built on
it for giving the
measured value.

It is an electronic
meter which
displays the
measured values in
a digital form.

Fig. 1.1.9: Types of multimeters

Measurement of Voltage, Current and Resistance
Usually, a standard multimeter can measure the following electrical quantities:
• DC Voltage
• AC Voltage
• DC Current
• AC Current
• Resistance

Measurement of DC Voltage and Current
Voltage can be measured by directly connecting the voltage meter or the multimeter to the
terminals of the voltage source. To measure the voltage using the multimeter, it should be
used in voltmeter mode. The range selector knob of the meter should point towards the
sign, volts or 'V'.
Current can be measured by connecting the current meter or the multimeter to the
terminals of the voltage source, provided the current is controlled by an appropriate value of
resistance or load in path. A multimeter should be in current mode to measure the current.
The range selector knob of the meter should point towards the sign, amperes or 'A'.
Appropriate precaution should be taken to position the knob or the probe properly for:
• Expected range of voltage or current level
• AC or DC form
• Position of the red probe for AC or DC current measurement
• Position of the red probe for AC or DC voltage measurement

11

Participant Handbook

The following image shows measurement of DC voltage using a multimeter:

Fig. 1.1.10: Measurement of DC voltage

Measurement of AC Voltage and Current
In principle, the procedure for measurement of both DC and AC, current and voltage are
similar. For measurement of AC voltage by using a multimeter, it is essential to select the AC
form (~) with the range selector knob on the multimeter. It is also essential to check the
position of the red probe, as it should be kept in voltage or current mode in the multimeter
as per the measuring parameter.
The red and black probes are to be connected to phase and neutral points in the circuit,
respectively. The following image shows measurement of AC current using a multimeter:

Fig. 1.1.11: Measurement of AC current

Measurement of Resistance
Resistance measurement is an important part in the field of electricity. The flow of current in
a circuit depends on its resistance. Thus, it is very important to know the value of resistance
in a circuit.
For measurement of resistance using a multimeter, the range selector knob should be first
placed on the 'Resistance' mode or Ohms mode, which is normally shown on a multimeter
with ‘Ω’ symbol.

12

Solar & LED Technician

The following image shows measurement of resistance using a multimeter:

Fig. 1.1.12: Measurement of resistance

Measurement of Electrical Power
Current and voltage can be measured by using an ammeter and a voltmeter respectively.
The output power in an electric circuit can be measured using the formula:
Power = Voltage x Current

Measurement of Electrical Energy
Electrical energy is the power consumed by a load during a specified time period. The
product of power and time gives the value of electrical energy consumed by the load in
watt-hour.
The meters available for measurement of energy are called energy meter. As the unit of
energy is watt-hour, the meters are also called watt-hour meter. The following image shows
a meter:

Fig. 1.1.13: Energy meter
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1.1.5 Earthing System
Earthing means connecting an electrical system, through its non- current carrying conductor
part, with the ground. The earthing or grounding of a system plays a vital role for stability
and safety of the system. With poor earthing, electrical systems are prone to damage or
accidents. The following figure lists the purpose of earthing:
Provide earth as a common reference point for various voltages, to restrict high voltages
because of lightning/accidental contact/line surges with lines having a high voltage
Provide current path for operation of over-current protection devices.
Maintain protection from shocks which are a result of ground faults. It is mendatory in all
PV systems.
Fix the potential of active conductors with respect to the earth.
Limit the voltage in electrical system between non-current carrying parts and earth.
Remove risk of electric shocks by implementing protection devices.
Limit rise in potential because of medium voltage faults in a network with low voltage.
Fig. 1.1.14: Purpose of earthing

Concept of Earthing
According to Indian Electricity (IE) rules and Institute of Electrical Engineers (IEE) regulations,
the following points should be considered while earthing:
• 4-pin power plug and 3-pin plug socket earth pin must be earthed efficiently and
permanently.
• All metal casing that are used to protect the electric supply line or any apparatus should
be connected to the earth.
• The frame or the metallic part of the electrical system must be earthed with the help of
two separate and different connections with the earth.
• In a three-wire dc system, the middle conductors must be earthed at the generating
station.
• For overhead lines, use stay wires, with at least one of its strand grounded.
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[[

Activity
Solve the following problems:
Problem 1.0: What does electric power depend on? An electrical appliance is connected to
48V, which results in 3A current through the load. What is the power consumed by the load?

Problem 2.0: For a 75W lamp, a voltage of 220V is applied. What is the value of the resultant
current?

Problem 3.0: An electrical bulb consumes energy at the rate of 40 W per hour and is used for
12 hours. What is the energy consumed by the bulb?

Problem 4.0: Consider two bulbs, A and B with same power of 100 W. Bulb A is used for 12
hours and Bulb B is used for 25 hours. Which bulb will consume more energy? Assuming
utilities charges of Rs. 6, what would be the cost of electricity consumed by the bulbs?
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UNIT 1.2: Basics of Electronics and LED
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•

Identify electronic components
Explain working of an LED
List the factors affecting the life of an LED
Identify the specifications of an LED
Explain indoor and outdoor lighting system

1.2.1 Basic of Electronic Components
There are number of components that may be electrical, electronic, mechanical and so on. The
following figure represents various types of electronic components that are used:

Active Components

Passive Components

Fig. 1.2.1: Types of electronic components

Passive Components
Passive components are those components which do not require any power source to
perform their specific functions. These components are not capable of controlling current.
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The following figure lists different passive components in a circuit:

Transformer
Printed
Circuit Board
(PCB)

Resistor

Passive
Components
Power
sources

Capacitor

Thermistor

Inductor

Fig. 1.2.2: Passive components

Transformer
A transformer consists of a metal core with coils of wire around it. It is a device used to
convert alternating current (AC) to the required values by decreasing or increasing the
alternating voltages in an electronic or electric system. Appliances such as refrigerators, air
conditioners and washing machines have this component. The following image shows a
transformer:

Fig. 1.2.3: A transformer

Resistor
A resistor is a component in an electronic circuit which is built to resist or limit the flow of
current in that circuit. It may be a small carbon device or a big wire-wound power resistor.
Its size varies in length from 5mm up to 300mm. Appliances such as refrigerators, air
conditioners and washing machines have this component.
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The following image shows resistors:

Fig. 1.2.4: Resistors

Capacitor
A capacitor is a device which is made up of one or more pairs of conductors and an insulator
separating them. It is used to store electric charge. Appliances such as refrigerators, air
conditioners and washing machines have this component. The following image shows
capacitors:

Fig. 1.2.5: Capacitors

Inductor
An inductor consists of a coil or a wire loop. This component is used to store energy in the
form of a magnetic field. The more the turns in the coil, the more will be the inductance.
Appliances such as refrigerators, air conditioners and washing machines have this
component. The following image shows inductors:

Fig. 1.2.6: Inductors

Thermistor
A thermistor is a kind of resistor which is more sensitive to temperature as compared to
other resistors. It is extensively used as an inrush current limiter, temperature sensor, selfregulating heating element and self-resetting overcurrent protector.
Appliances such as washing machines have this component.
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The following image shows a thermistor:

Fig. 1.2.7: A thermistor

Power Sources
A power source is a source which provides power to a circuit. Generally, the power source is
a generator or a battery. The following image shows a battery:

Fig. 1.2.8: A battery

PCB
A PCB acts as a base for the components that are mounted on its surface and interconnected
with wires, conductive tracks and so on. Components are generally soldered on the circuit
board according to the specified design. The following image shows a PCB:

Fig. 1.2.9: A PCB
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Active Components
Active components depend on a source of energy to perform their functions. These
components can amplify current and can produce a power gain.
The following figure lists the different types of active components in a circuit:

Diode

LED

Active
Components

Transistor

Integrated
Circuit(IC)

Fig. 1.2.10: Active components

Diode
A diode is a specialized electronic component with two terminals known as the anode and
the cathode. It has asymmetric conductance, which means that it conducts mainly in one
direction. It has very less resistance, ideally zero, to the flow of current in one direction
whereas it has high resistance, ideally infinite, in the other direction. Diodes are usually
made up of semiconductor materials such as germanium, silicon or selenium. Appliances
such as refrigerators, air conditioners and washing machines have this component. The
following image shows diodes:

Fig. 1.2.11: Diodes

Diodes may have same characteristics, but their functionalities depend on the way they are
used. The diodes which play important roles in the functioning of solar panels are:
• Blocking diode
•

Bypass diode
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Blocking Diodes

The following diagram shows a simple setup, with two panels wired in series charging a battery
and a blocking diode connected in series with the two panels:

Fig. 1.2.12: Working of a blocking diode

During sunshine hours, the battery is charged as long as the voltage generated by the two
solar panels is greater than the specified voltage of the battery. However, in the absence of
sunshine, while no voltage is being generated by the panels, a flow of current is caused
through the panels by the voltage of the battery, in the opposite direction. This would result
in the discharge of the battery, if there is no blocking diode in the circuit. Blocking diodes are
useful for a system that uses solar panels for charging the battery. They are generally used in
the construction of solar panels.
By-Pass Diodes

If one of the solar panels in the preceding diagram is shaded, the panel will not be able to
produce significant power and it will also possess a high resistance, which will block the flow
of power generated by the un-shaded panel. The following diagram shows the working of
by-pass diodes:

Fig. 1.2.13: Working of by-pass diodes
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Transistor
A transistor is an electronic device, made up of a semiconductor material. Usually, it consists
of three or more terminals for connecting to an external circuit. It is utilized to amplify or
switch electrical power and electronic signals.
Appliances such as refrigerators, air conditioners and washing machines have this
component. The following image shows a transistor:

Fig. 1.2.14: A transistor

IC
An IC, also known as a microchip, is a semiconductor wafer on which a number of small
resistors, capacitors and transistors are fabricated. It can work as an oscillator, an amplifier,
a timer, a counter, a microprocessor or as computer memory. Appliances such as
refrigerators, air conditioners and washing machines have this component. The following
image shows an IC:

Fig. 1.2.15: An IC

LED
An LED is made of a p-n junction diode which releases light when it is activated. It is a twolead semiconductor source of light. Energy is released as photons when a suitable voltage is
applied to the leads. Appliances such as refrigerators, air conditioners and washing machines
have this component. The following image shows an LED:

Fig. 1.2.16: An LED
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1.2.2 Basics of LED and Lighting System
An LED is a light emitting semiconductor electronic component. LEDs serve as a suitable
replacement for halogen or standard light because they consume less energy, have longer
life, are brighter, are smaller in size, are capable of faster switching and are more durable
and reliable.

History of LED
LEDs have been used for many years in various areas of application which includes industrial
systems, advertising fields, light devices and car lights. LED technical development continues
to stride ahead. In recent years, the luminous eﬃcacy of white LEDs has risen to 130 lumens
per watt and even more. The technical development of LEDs will continue in the future.
With development of new semiconductor materials, LEDs began to be produced in new
colours such as green, orange and yellow. The ﬁrst light-emitting diodes with 100 lumens
per watt were manufactured in 2006.
Since 2010, LEDs with a luminous eﬃcacy of 250 lumens per watt are being produced under
laboratory conditions. Organic light-emitting diode (OLED) is seen as the future technology.

Working of LED
LEDs are made of semiconductor crystals and when current flows through them, they emit
light in the colours of red, green, yellow or blue, depending on the composition of the
crystal compounds. Blue LEDs also emit white light by using a yellowish ﬂuorescent layer or
by creating a mix of red, green and blue LEDs (RGB). The latter method is used for giving
decorative eﬀects to lighting.
An LED comprises of several layers of semi-conducting material. When the diode is being
utilized with DC, the active layer produces light. The light is decoupled directly or through
reﬂections. The LED emits light in a particular colour and this colour is dependent on the
type of semiconductor material used in it. LEDs with a high degree of brightness, in all
colours, can be produced by two material systems. In LED chips, on application of certain
voltage, electromagnetic radiation in the form of light is given out. Diﬀerent voltages are
needed to use the diode in forward bias. The following figure shows the working of an LED:

Fig. 1.2.17: Working of an LED
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1.2.3 Types of LED
The following figure lists various types of LED:
Indicator Type LED

Illuminator Type
LED

Chip on Board
(COB) LED

LED Strips

Miniature LED

High-power LED

Application Specific
LED
Fig. 1.2.18: Types of LED

Indicator Type
These LEDs are low power LEDs, also called PTH LED and are generally available in 5 mm
size; but also come in 3 mm and 8 mm sizes. They typically possess two “legs” and a narrow
beam spread of 15˚ to 30˚. These LEDs have low power and function on currents from 20
mA to 100 mA. The heat produced is dissipated within the LEDs.

Illuminator Type
These LEDs are high power LEDs, also called SMD LED and were first available in the market
as effective packages of 1W and operated at 350 mA. Later, 3W and 5W high power LEDs
were manufactured. These LEDs are soldered on a PCB directly. They provide a path which is
thermally conductive for extracting heat and beneﬁt from much better heat extraction. High
power LEDs are available in various shapes and sizes. The following image shows an
illuminator type LED:

Fig. 1.2.19: An illuminator type LED
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COB LED
These LEDs are utilized for closely packed high-power LED modules. COB technology is used
to place the LED chips directly onto the PCB. The beam spread can be narrow- or wide angle.
The following image shows a COB LED:

Fig. 1.2.20: A COB LED

LED Strips
LED strips contain high-powered LEDs which are placed on a thin PCB on a flexible strip. The
back of the strip is covered with an adhesive. When power is supplied to the LED strip, the
strip LEDs lit up over the strip. These strips are simple to install and very economical. The
following image shows an LED strip:

Fig. 1.2.21: LED strips

Different types of LED strip lights include There are various types of LED strip lights as
follows:
• RGB LED strip- Digital
• Flashing lights- Rhythm following
• LED strip- Flexible
• SMD LED strip- Waterproof
• Self- adhesive LED strip- Decorative blue- coloured
• Self- adhesive LED strip- Decorative red- coloured
• Self- adhesive LED strip- Decorative white- coloured
• Hit lights ribbon LED strip- Red flexible
• LED strip light- Ace gold
• Five- meter LED light strip- Multicolour waterproof flexible
• LED light strip- Philips Linea
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•
•

LED strip- Philips Lines flexible
Hit lights ribbon LED strip light- Weather proof green flexible

Miniature LED
These are usually single- LEDS utilized as indicators. They are available in sizes ranging from
2mm to 8mm and come in hole and surface mount packaging. They often do not utilize any
separate heat sink. The usual current ranges from 1Ma to over 20Ma.The tiny size of the
LEDs helps set the upper limit on the power consumption by itself because of the heat
generated by high current density and the requirement of a heat sink. The shape of the
packages can be round with a dome shaped or flat top, rectangular having flat top or either
triangular or square having a flat top. To enhance the viewing angle and contrast, clear or
tinted encapsulation might be provided.

High Power LED
High-power LEDs (HP-LEDs) or high-output LEDs (HO-LEDs) have the capability to be driven
at high currents ranging from mA to an ampere. They have tremendous output and come
various shapes and sizes. These LEDs require heat sinks due to heat dissipation. They can
function for more than 60,000 hours. They are utilized as street lights, home appliances,
table lamps, different types of lightings and so on.

Application Specific LED
Application specific LEDs are made for a specific application only, such as digital bill boards,
digital display boards and bi- colour and tri-colour LEDs. A bi- colour LED includes a solitary
frame with two pins and two diodes mounted on it. One of the pins is anode and the other
is cathode. This LED can give out two colours, depending on whether it is in a forward bias
or reverse bias condition. A tri- colour LED also has a solitary frame with two diodes
mounted on it but there are three pins.
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1.2.4 Specifications of LED
LEDs are specified by the specifications shown in the image below:
Luminous
efficiency

LED
Illumination

Dimensions

Consumption

Beam Angle

Fig. 1.2.22: Specifications of LED

It is a measure of how well a light source can produce visible light. It is the ratio of luminous
flux to power, which is measured in lumens per watt in SI unit.
The table below contains the overall luminous efficiency of different types of LED:
LED Type

Overall Luminous Efficiency

4.1 W LED screw base lamp (120 V)

8.6–12%

5.4 W LED screw base lamp (100 V
50/60 Hz)

14.9%

6.9 W LED screw base lamp (120 V)

8.1–12%

7 W LED PAR20 (120 V)

4.2%

7 W LED PAR30 (110-230 V)

8.8%

8.7 W LED screw base lamp (120 V)

10.1–13.6%

LED Illumination
Illumination means utilizing light for practical or aesthetic purposes. It makes use of both
LED and natural lights. A wide variety of imaging and optical applications utilize LED
illumination for illumination purposes. The illumination style ranges from backlights and
spotlights to ring lights and line lights. The LED illumination products have efficient long
lifetimes and are thus, suitable for illumination applications.
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Beam Angle
Beam angle is the measurement of distribution of light. The beam angle of an MR16 LED is
explained in the following figure:

Fig. 1.2.23: Beam angle of an LED

Power Consumption
The amount of power which an LED will consume depends upon its manufacturer. Some LEDs
can be brighter than the others even if they are at the same wattage. This is because:
• The brand of the LED chip within the light affects the brightness.
• The colour of the LED greatly affects the output of light
• The quality and the kind of materials used to construct the light housing affects the
brightness.
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Dimensions
LED dimension varies with its type. The following table shows some LED light types with
dimensions:

The 1.8mm LED consists of a tip which
is 1.8mm across and is over a square
base.

The 3mm LED consists of a rounded
top which functions like a focusing
lens.

Chip LED
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1.2.5 Factors Affecting the Life of LED
LEDs can have an operating life of more than 50,000 hours. As compared to other light
sources, LEDs seldom fail and are generally service free. The exception is the luminous ﬂux
whose life slightly decreases over the operating period. The following figure lists the factors
that can aﬀect the entire LED module:

Current

Chemical
influence

Temperature

Factors
affecting LED

Mechanical
influence

Radiation
and light

Dampness

Fig. 1.2.24: Factors that can aﬀect the entire LED module

Temperature
When light is produced, heat too will be generated. This aﬀects both the life cycle of an LED
and its luminous ﬂux and is applicable to an individual LED as well as the entire LED module.
Thus, installation methods or suitable heat sinks should be used to diffuse the heat. The
lower the temperature at which an LED works, the better will be its performance and life.

Mechanical Influence
Mechanical forces can influence an LED at various stages. This can happen when the LED is
being manufactured, assembled or handled otherwise. It can also occur due to the use of
certain materials which develop these forces during big temperature ﬂuctuations. These
forces can have a negative eﬀect on the operating life of an LED or even damage it.

Current
There is a speciﬁc current range within which an LED module should be operated. Even
within the range, the lower the current is, lesser will be the energy released and lower will
be the heat produced. The current, thus, has a direct eﬀect on the operating life of an LED.
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Radiation and Light
An LED's housing design plays a vital role in the aging process of the components, which are
inﬂuenced by the light given out by the chip. The built-in reﬂector ages faster within the ﬁrst
few hundred operating hours in some housing designs due to the high intensity and
luminance of the light given out by the chip.

Dampness
An LED by itself is strong and non-sensitive. It is unaffected by vibrations and is unbreakable.
However, many metal components, connections and electronic parts inside it are sensitive
and may get corroded due to dampness, thus, causing the module to fail. An appropriate
choice of materials for the LED protects it from corrosion. If high operating life of the LED
modules is desired than protection from dampness is a must.

Chemical Influences
Chemical inﬂuences can have varying influences on an LED, depending on the location of the
application. Hence, while setting up an LED lighting system, the environmental conditions
must be kept in mind. The following figure lists the conditions of the environment having a
negative eﬀect on the operating life of an LED:
•If the atmosphere is corrosive (the air has high sulphur dioxide content)
•If the climate is coastal with medium salt content
•If there is a chemical industry nearby
•If it is in a swimming pool with medium chloride content
Fig. 1.2.25: Conditions that have negative eﬀect on the operating life of an LED

1.2.6 Indoor and Outdoor LED lighting System
With the development of high-efficiency and high-power LEDs, it is now possible to use LEDs in
lighting and illumination. LED lights have several uses. The lighting systems can be majorly
divided into two categories;
• Indoor lighting system
• Outdoor lighting system

Indoor Lighting System
These lighting systems can be switched on manually if the user is near the switch or can be
programmed to switch on/off at the pre-set timings. They are utilized in offices, homes and
places that function at night. They are easily installed. These systems are made from heavy
duty cast aluminium in combination with a toughened glass cover. Simpler models come
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with a 3.6 Volt 2,000MAH Ni-MH battery. The following image shows an indoor use of solar
LED light:

Fig. 1.2.26: Indoor use of solar LED light

Outdoor LED Lighting System
The most common application of outdoor LED lighting system are street lights. There is an
ever increasing market for lights which get power by energy saving and environment
friendly means. The solar LED street lights are light sources which procure power from solar
panels which contain rechargeable batteries and are mounted on lighting structures. The
solar LED lights utilized in street lights can be divided into three types:
•

The first type needs an input of 12V, has a consumption of 24W and an output of
2,150lm.

•

The second type needs an input of 24V, has a consumption of 48W and an output of
4,300lm.

•

The third type needs an input of 24V, has a consumption of 96W and an output of
8,600lm. LEDs can function efficiently for a long time and have a warranty exceeding
two years.
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LEDs are mostly utilized in architectural lighting and in automotive lighting on vehicles. The
light emission can be monitored by employing non-imaging optics principles. The following
image shows outdoor use of solar LED light:

Fig. 1.2.27: Outdoor use of solar LED light

Aviation lighting also makes use of LEDs, both in airport and heliport lighting as mediumintensity runway lights, taxiway centreline and edge lights for guidance.
The following image shows a runway with LED lights:

Fig. 1.2.28: LED lights used in runways
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Activity
1. Mention the names of various types of LEDs.
2. Write down the specifications used for LEDs.
3. Write down the factors that can affect the life of an LED.
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Practical
Separate the electrical components as active and passive components.
Equipment used:
1. A collection of active and passive components.

35

Participant Handbook

Practical
Measure the current and voltage of a battery using a multimeter.
Equipment used:
1. An inverter battery
2. A multimeter with probes
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2. Solar Technology
and Photovoltaic (PV)
System
Unit 2.1 – Basic Concepts of Solar Technology
Unit 2.2 – Solar PV System
Unit 2.3 – Components of a PV System
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Key Learning Outcomes
At the end of this module, you will be able to:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Explain solar energy
Define the terminologies related to solar technology
List the types of solar technology
Identify the parameters of solar cell and types of solar cell
Identify the working process of PV panels
Describe the solar panel array configurations
Identify the factors affecting generation of electricity of a solar PV module
Explain different PV systems
List the types of solar PV technology
List the types of PV modules and their characteristics
Identify the batteries used in a PV system
Describe standard parameters of a battery
Recognize functions of a charge controller
List the types of charge controllers and inverters
Explain mounting structure
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UNIT 2.1: Basic Concepts of Solar Technology
Unit Objectives
At the end of this unit, you will be able to:
•

Explain solar energy

•

Define the terminologies related to solar technology

•

List the types of solar technology

•

Identify the parameters of solar cell

•

List the types of solar cell

2.1.1 Solar Energy
The sun is the main, natural source of energy on Earth. The energy received from the sun by
the earth is in the form of electromagnetic radiations. Then, this energy gets converted into
various forms of renewable energy. On reaching the earth, solar radiation:
• Is reflected back
•

Gets absorbed in the atmosphere

•

Reaches earth surface without any conversion

Is used in water evaporation, thus causing rain, and is available in the form of hydro
energy
The following image shows what happens with solar radiations on reaching the earth:

•

Fig. 2.1.1: Solar radiations after reaching the earth

The amount of energy from the sun that reaches Earth is very large as compared to what is
being produced from fossil fuels. In 2013, the annual energy consumption from all possible
sources including electricity, coal, gas, diesel, petrol and biomass was 567 Exa joules or
157,481 TWh and total electricity consumption was 70 Exa joules or 19,504 TWh. The
availability of total solar energy source is 3,850,000 Exa joules, which is many thousand
times more than is consumed annually.
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TIP
Exa joule = 1000,000,000,000,000,000 joules
1 Joule= 1 Ws (watt-second)
1Wh = 3600 Ws= 3600 J
1kWh = 3600KJ = 3600,000 J
Power Unit

Equivalent Unit

1W

1 joule-second

1 KW

1,000 W

1 MW

1,000,000 W

1 GW

1,000,000,000 W

2.1.2 Definition and Terminologies
There are various terms related to solar technology. The following figure lists the
terminologies that are used in solar technology:
Irradiance
•It is the solar energy received per unit area in form of electromagnetic radiation.
•It is measured in W/m2.
Irradiation
•It is the quantity of solar energy that is received by the surface of the earth over a
period of time.
•The unit of irradiation is Wh/ m2.
Air Mass
•It is the ratio of the path length taken by the sun light to reach the earth’s surface
through the atmosphere and the shortest possible path to reach the surface.
•The amount of solar energy is reduced when it passes through the atmosphere due to
absorption by air and dust.
Band Gap
•It refers to the energy gap between the conducting band and the non-conducting one.
It is the minimum energy required to excite an electron to such a level that it can be a
part of the conduction.
Fig. 2.1.2: Terminologies used in solar technology
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2.1.3 Solar Technology
The radiation from the sun provides heat and light which is then converted to electricity. Solar
technology is of two types:
• Solar thermal technology
• Solar photovoltaic technology
The following figure shows the types of solar technology:

Fig. 2.1.3: Types of solar technology

Solar Thermal Technology
Solar thermal technology uses heat to produce electricity. The radiation of the sun falls on
mirrors which are used to concentrate the sunlight and reflect it. The tube with special types
of fluids absorbs the heat which is then used to boil water and generate steam. A turbine
connected to a generator is spun by the steam that results in producing electricity. The
following image shows solar thermal technology:

Fig. 2.1.4: Solar thermal technology
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Solar Photovoltaic (PV) Technology

Solar PV technology uses sunlight to produce electricity in the following way:
•

The solar radiation hits the solar cells and gets transformed into DC energy.

•

The DC energy is converted to AC energy with the help of an inverter.

•

The generated AC electricity is identical to the power that is provided by the utility
companies. The AC electricity can be supplied to gadgets such as computers and lights
directly.

The generated electricity can also be transmitted to the national electricity grid and
from there may be supplied all over the country.
The following image shows the conversion of solar energy into electricity:

•

Fig. 2.1.5: Basic solar energy conversion process

2.1.4 Applications of Solar PV Technology
Solar PV technology has various applications such as:
• Solar home lighting systems
• Solar water pumping systems
• Solar power plants

Solar Lighting Systems
Solar PV technology is mainly used in developing countries to provide electricity to the
villages which are far away from grid power systems. Solar LED lighting systems are used in
remote locations as a replacement for kerosene lamps. Even in cities, solar powered LED
lights are used for street lighting systems.
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The following image shows solar lighting systems:

Fig. 2.1.6: Solar lighting system

Solar Water Pumping Systems
Solar powered water pumping systems are used in agriculture for the automatic irrigation
systems. Solar water pump systems can deliver water for drinking as well as for livestock
purposes. The following image shows a solar powered water pumping system:

Fig. 2.1.7: Solar water pumping system

Solar Power Plants
Solar power plant’s tracking systems, mirrors and a large number of solar panels are used
for generating large amount of electricity.
India is blessed with a large amount of sunlight. Solar radiation is received in a range of 4 to 7
kWh/m2 /day. Such amount of radiation is good enough to generate electricity to fulfil electricity
requirement of an entire region using this technology. Importantly, the energy can be generated
in any area, where there is a need, by installing the solar energy system.
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The following image shows solar panels in a solar power plant:

Fig. 2.1.8: Solar power plant

2.1.5 Solar Cell
A solar cell is the basic block of solar PV technology. It is a semiconductor device that
directly converts sunlight into electricity by photovoltaic effect, without any other
intermediate conversion step. Hence, it is also called a photovoltaic or PV cell. Input to solar
cells is energy in the form of solar radiation and output from the solar cells is energy in the
form of electricity.
A solar cell is made of silicon which is also used in computer chips. When these silicons
receive solar energy, they develop a voltage difference across themselves. Current flows
when this cell is connected to an electric circuit. So, the solar panels in the solar
photovoltaics comprise of solar PV cells fitted into a frame. The following image shows a
typical silicon solar cell:

Fig. 2.1.9: Solar cell
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The electricity generated by a solar cell depends upon some factors as listed in the following
figure:

•Intensity of light

•Area of the cell
(A)

•Angle at which
light falls on it (Ɵ)

The higher is the intensity of sunlight, the more is the
electricity generated by a solar cell.

If area of a solar cell is increased, the current
generated by it increases.

The power generated by a solar cell is optimum when
sunlight falling on it is perpendicular to its front side.

Fig. 2.1.10: Factors affecting electricity generated by a solar panel

Besides these factors, conversion efficiency (Ŋ), amount of light (Pin) and operating
temperature (T) also effect the electricity generation.
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Parameters of a Solar Cell
A solar cell converts sunlight into electricity. There are several parameters of solar cells that
determine the effectiveness of conversion of sunlight into electricity.
The list of these parameters is as shown in the following figure:
Short circuit
current (Isc)

It is the maximum current that can be produced by a solar cell without
affecting its construction. The higher the Isc, the better is the cell. It is
measured in ampere (A) or milli-ampere (mA). The value of this maximum
current depends on the cell technology, cell area, amount of solar
radiation failing on th cell, angle of cell and so on.

Open circuit
voltage (Voc)

It is the maximum voltage that can be produced by a solar cell when there
is no load connected to it. The higher the Voc, the better is the cell. It is
measured in volts (V) or sometimes in milli-volts (mV).

Maximum power
point (Pm)

It is the maximum power that a solar cell produces under the STC. The
higher the Pm, the better is the cell. It is given in terms of watt (W). A solar
cell can operate at many current and voltage combinations. But it will
produce maximum power only when operating at certain current and
voltage. This maximum power point is denoted as Pm. Typically, the
maximum power point for a I-V curve of solar cells occurs at the 'knee' or
'bend' of the curve.
Pm or Pmax = Im X Vm

Current at
maximum power
point (Im)

This is the current which solar cell will produce when operating at
maximum power point. The Im will always be lower than Isc. It is given in
terms of ampere (A) or milli-ampere (mA).

Voltage at
maximum power
point (Vm)

This is the voltage which solar cell will produce when operating at
maximum power point. The Vm will always be lower than Voc. It is given in
terms of volt (V) or milli-volt (mV).

Fill factor (FF)

FF is the ratio of the areas covered by Im-Vm rectangle to the area
covered by Isc- Voc rectangle whose equation is given below. Typical FF
values range from 0.5 to 0.82.
FF = Im x Vm / Isc x Voc
FF = Pm/ Isc x Voc

Efficiency (ŋ)

It is defined as the maximum output power (Pm or Pmax) divided by the
input power (Pin). The efficiency of a cell is given in terms of percentage
(%), which means that the given percentage of input radiation power is
converted into electrical power.
ŋ= Pm / P in

Fig. 2.1.11: Parameters of a solar cell
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Types of Solar Cells

The following figure shows different types of solar cells:

Monocrystalline cells contain pure silicon that are in cylindrical
shape.
To lower the cost and optimize the performance of a monocrystalline
cell, four sides of the cylinder are cut out to make silicon wafers. It
provides the monocrystalline solar panels their appearance.
These cells can be easily recognized from their uniform look and
even, coloured external surface because of high-purity silicon
contents.
These cells are highly efficient and must be mounted in a rigid frame
to ensure protection.

Polycrystalline (or Multi-crystalline) cells are comprised of several
small crystals called crystallite.
The raw silicon is melted and kept in a square mould. Then, it is cooled
and sliced to make square wafers.
Polycrystalline solar panels are of rectangular shape without having
any rounded edges.
These cells are less efficient and less expensive than mono crystalline
cells but like the latter, require to be mounted in a rigid frame.

Amorphous cells are formed by placing a thin film of non crystalline
(amorphous) silicon onto a wide range of surfaces. Due to the
amorphous nature, these are flexible.
Amorphous silicon cells usually have low efficiency but are ecofriendly as they do not utilize harmful heavy metals such as cadmium
or lead.
The power output of amorphous cells reduces over time, specially
during the first few months, after that they are generally stable. The
specified output of the amorphous cells should be one that is
generated after the stabilization stage.

Fig.2.1.12: Different types of solar cells
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The following graph shows a solar cell I-V curve based on the parameters explained:

Fig. 2.1.13: Solar cell I-V curve
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Activity
Answer the following questions.
1. Mention three demerits of solar energy system.

2. Draw a flow diagram for the solar energy conversion process.
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Activity
Answer the following questions.
1. The current density of a solar cell having an area of 100 cm2 at standard test condition (STC)
is given as 35 mA/cm2. Find the output current of a solar cell.

2. Calculate the output power from a solar cell if its efficiency (in %) is 30,24,19,16 and 12,
input power density is 1000 W/m2, and area of the solar cell is 100 cm2.

3. Mention the basic difference between a monocrystalline and a polycrystalline solar cell.
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UNIT 2.2: Solar PV System
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•

Identify the working process of PV panels
Describe the solar panel array configurations
Identify the factors affecting generation of electricity of a solar PV module
Explain different PV systems
List the types of solar PV technology

2.2.1 Solar PV Panels
Solar panels are placed in the sun to generate electricity. It is very simple to use but it is very
expensive. The basic unit of a solar panel is called a solar cell or PV cell. The following image
shows the parts of a solar panel:

Fig. 2.2.1: Parts of a solar panel

How PV Panel Works?
A solar panel consists of several solar cells assembled together for converting solar energy
into electricity. A solar cell is a two-terminal power generating device in which one is
positive terminal and the other is negative terminal. Solar cells are comprised of silicon
which is a semi-conductor (it has properties of both metals and an electrical insulator).
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The following image shows the cross section of a solar panel:

Fig. 2.2.2: Cross section of a solar panel

The solar panel works on the principle of photoelectric effect; the emission of electrons
from a material when it is exposed to light.
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The working of a solar panel is explained in the following figure:
Sunlight is made up of minute particles known as photons which are emitted from the sun.
When they strike the silicon atoms of a solar cell, their energy is transferred to the loose
electrons, dislodging them from the atoms.
The photons are simlar to the white ball in a pool game, which transfers its energy to the
coloured balls it hits.

After freeing the electrons,a solar cell needs to direct these free electrons into electric
current.
An electric imbalance has to be created inside the cell.
This will serve as a slant, down which the electrons can move in the same direction.

This imbalance is brought about with the help of the internal composition of silicon.
The silicon atoms are tightly packed together.
When little quantity of some other element is put into this structure, two kinds of silicon
are formed: n-type having spare electrons and p-type having holes due to missing
electrons.

When these two types of silicon are placed adjacent to each other within a solar cell, the
spare electrons from the n- type silicon cross over to occupy the space in the p-type silicon.
An electric field is created inside the cell as the n-type silicon gets a positive charge and the
p-tyope silicon gets a negative charge.
This imbalance is maintained by silicon as being a semiconductor, it can do the work of an
insulator.

When the photons from the sunlight knock off the electrons from the silicon atoms, the
electric field makes them flow in a systematic manner.
This produces electric current which is used to operate appliances, satellites and various
other objects.
Fig. 2.2.3: Working of a solar panel
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Panel Construction
A solar panel used for electricity generation in rural areas consists of several solar cells. The
solar cells may be of round, square or some other shape. Irrespective of their size, solar cells
produce half a volt. The size of a cell determines the number of amperes that the cell can
produce. Thus, larger the cell more are the amperes it can produce.
A cell has a limitation of producing half a volt and hence, many cells are assembled in a
series connection to produce enough voltage for charging a 12 V battery. This requires 30 to
36 cells on a panel to ensure that voltage requirement of 12 V is accomplished.
Similarly, panels in tropical area should have at least 33 cells as less than that is not
sufficient to charge a 12 V battery in such areas. Panels with 34 to 36 cells, or higher, are
optimum in tropical area but are expensive.

PV Solar Panels Array Configurations
Sometimes, the power requirement is more than the power that a single solar PV panel can
produce. For increasing the power generation, panels are connected in any one of the three
ways:
• Series connections
•

Parallel connections

•

Series-parallel connections

Series-Connected Panels
In case the requirement for voltage is more than that a panel can produce, then more
panels are connected in series. So, for example, if a panel can provide 10 V, then two such
panels in a series connection can provide 20 V.
The amperes provided by each solar panels in a series connection remains the same as that
provided by a single panel since through all the panels same electricity flows. Since the
power in watts is equal to the volts time's amperes, therefore, the power increases with the
number of panels. The following image shows solar cells connected in series:

Fig. 2.2.4: Solar cells - series connection
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In case the PV panels connected in series are of different voltage and current (amperage),
then the total voltage is calculated by totalling their individual voltages. However, the
minimum ampere capacity will be the criteria for the maximum current available.

Parallel-Connected Panels
Panels are connected in parallel, when a single panel produces sufficient voltage but not
enough current. If one panel generates 2A in bright sunlight, two panels in parallel will
generate 4A. For each of the 2A panels that are connected in parallel, in bright sunlight an
extra 2A current will be generated. Panels that are in parallel connection, the voltage
remains same as that of a single panel but the amperage increases with every extra panel
connected in parallel. The following image shows solar cells connected in parallel:

Fig. 2.2.5: Solar cells - parallel connection

If PV panels which have different voltage and current levels are connected in parallel, their
currents should be totalled in similar way as when panels with same characteristics are
connected in parallel. Hence, if one panel generates 4A and the other 3A, a total of 7A will
be produced.

Series-Parallel Connections
Solar PV systems that power large appliances such as refrigerators, generally use a 24V
battery in place of a 12V battery. Some appliances even use 48V batteries. Since solar panels
are usually designed to charge 12V batteries, two panels are required to be connected in
series to charge a 24V battery and four panels need to be connected in series for providing
charge to a 48V battery. If amperes more than what one panel can produce are required,
the panels should be connected in parallel as well. The combination of series and parallel
connections may be extended to:
•
•

As high a voltage as needed by adding more panels in series.
As high an amperage as needed by adding more panels in parallel.

There are many ways of connecting a large number of panels to get the desired voltage and
current.
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The following figure lists two ways of making series-parallel connection:
Connect the panels in series until the desired voltage is reached and then connect
more sets of panels that are connected in series, in parallel until the amperage is
reached.

Connect panels in parallel to get the desired amperes, then connect more sets of
panels that are connected parallelly, in series to get the voltage required.

Fig. 2.2.6: Two ways of making a series-parallel connection

2.2.2 Performance of a Solar PV System
The following figure lists the factors that affect the output of PV panels:
Effect of panel area

•The larger the solar panel, the more electricity is produced. If
the amount of surface covered by the panels is made twice as
large, the electricity output is also doubled.

Effect of sun's
brightness

•The more the sunlight that falls on the panel, the more
electricity is produced. If there is shade on it, the electricity
output falls greatly.

Effect of panel
direction

•To get maximum electricity from a solar panel, it must face the
sun.

Effect of heat

•Solar panels work best when kept cool. The hotter the panel,
the less power it provides.

Mounting of panels

•Because solar panels are constantly exposed to wind and
weather, it is important that their mounting is secure and
resistant to corrosion or loosening.
•Mounting panels on a roof is usually cheaper than mounting
them on a pole. But if the roof is shaded or facing the wrong
way, a pole must be used.
Fig. 2.2.7: Factors affecting the output of PV panels
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Getting Maximum Electricity from a Panel
It is always preferred to get as much electricity as possible from the PV panels as they are
expensive. To get maximum electricity:
• Ensure that the panels receive the brightest sunlight

•

o

Even if a small part of a solar panel is shaded, it loses most of its electricity output.
Hence, it is important that the panels are placed at such a location where the
sunshine will be available on them for at least 6 hours (09:00 to 15:00).

o

It must be considered that over the year the position of the sun shifts from north to
south as well as during the day from east to west.

o

The position of trees and buildings to the north and south of the panel must be
considered to make sure that they will not cause any shade on the panels at any
time of the year.

Ensure that the panels are facing towards the sun
o

The panels produce maximum electricity when they point towards the sun directly.

o

The movement of the panels is not practical in most of the places. If the panels are
fixed in such a way that they face the direction where the sun is at its brightest, then
they produce maximum electricity.

The following figure lists two examples of mounting the solar panel:
A panel located at a site with
latitude of 12 degrees north of the
equator should be mounted with a
tilt of 12 degrees facing towards the
south.

A panel located at a site with
latitude of 18 degrees south of the
equator would be best mounted
with a tilt of 18 degrees towards the
north.

Fig. 2.2.8: Examples of mounting the solar panel at a particular latitude

•

o

A panel that is mounted on the equator is required to have a tilt of 5 degrees
towards any direction. A small tilt (5 to 10 degrees) is always needed for allowing
the rain wash off any dirt from the panel. In tropical regions where the latitude is
15degree or less, high accuracy in pointing the panel towards the equator is not
needed.

o

At latitudes that are higher than 15 degrees, the panels are required to be pointed
carefully towards the equator for receiving the maximum power output.

Ensure that the panel is kept as cool as possible
o As the solar panels are required to be in the bright sun, it is hard to prevent them
from getting hot. Hence, they are mounted in such a way that the flow of air can
reach to both sides of the panels.
o The panels must not be mounted directly on the roof but at least at a gap of 10 cm
above the roof, to allow air flow around the panels and cool them.
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2.2.3 Types of PV System
A solar PV system can be of several types depending on the way the energy is generated and
used. PV systems could be a simple PV module and load, for example, in the case of a water
pump motor where the usage of water pump may be restricted just to sun shine hours
when solar energy is available. It can be a complex system to power a residential building or
a house where the power requirement is in the day as well as in the night when there is no
solar energy. This kind of system may require a back-up generator, run AC/DC loads, and
even store power.
A PV system can be categorized based on the connection of the PV array to the battery
backup. The point of connection is referred to as coupling. The types are as follows:
• DC coupled PV system: The solar energy flows to a battery bank and then to the AC
loads through an inverter.
• AC coupled PV system: The solar energy flows to the AC loads first and then to a battery
bank.
The PV array may be connected to the AC or DC side of the electrical system. DC-coupled
systems are applied to the DC electrical system and the other system is connected to the AC
electrical system.
Based on the system configuration, PV systems are classified as shown in the following figure:

Stand-alone

Grid-connected

Hybrid

Fig. 2.2.9: Main types of PV systems

The basic principle behind PV systems remains the same but different types of systems provide
energy solution for different requirements.

Standalone or Off-grid Solar PV System
These systems are self-sufficient. They are independent of any other source of energy to
supply electricity to appliances or load. Since the standalone solar PV systems are
independent of any other energy source, they invariably use some means to store energy,
typically in the form of batteries. Since batteries are used, it is important to use electronic
devices such as a charge controller to protect them. Also, for conversion of DC electricity
from PV modules and battery into AC electricity, an inverter must be used.
The examples of standalone solar PV systems include solar lantern, solar PV home lighting
system and solar PV water pumping system.
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The following image shows a standalone solar PV system:

Fig. 2.2.10: Stand-alone solar PV system

Grid-connected Solar PV System
In this type of PV system, the system is connected with a nearby, available electricity grid. In
this way, the generated electricity is fed into the grid. No battery storage is used in this case.
However, conversion of DC electricity into AC electricity is required before feeding to the
grid.
A typical arrangement of grid-connected solar PV system is shown in the following image:

Fig. 2.2.11: Grid-connected solar PV system
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Electricity grid voltage and frequency are well defined and, therefore, the PV electricity can
be fed to electricity grid only after proper power conditioning that is converting PV
generated electricity to appropriate voltage and frequency level.
Therefore, in a grid-connected solar PV system, the inverter not only performs the function
of DC to AC conversion but also performs the function of grid synchronization, which is
related to adjusting the generated PV energy to appropriate voltage and frequency level.
This type of PV system is used in India for large scale solar PV power plants.

Hybrid Solar PV System

In some cases, an auxiliary source of energy such as a diesel generator is used in addition to
solar PV modules and/or grid. This needs to be done when solar PV modules are not
designed to supply the full energy required by the load (may be due to cost reason). In such
cases, auxiliary source of solar PV systems is used, called as hybrid solar PV system.
The following image shows a hybrid solar PV system:

Fig. 2.2.12: Hybrid solar PV system

2.2.4 Types of Solar PV Technologies
The solar PV technology is named after the material used. The materials used in solar cells
have different properties. Hence, different types of solar cells have different values for
parameters such as efficiency, short circuit current density, fill factor (FF) and open circuit
voltage.
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The following table lists commercial cell technologies, materials and efficiency:

The following table lists commonly available commercial solar cells along with η, area (A),
maximum current density (J sc ), V oc and FF:

Crystalline Silicon PV Technology
The most widely used technology is crystalline silicon PV technology where crystalline silicon
solar cells (c-Si) are connected and laminated under glass. The lamination makes the PV
modules reliable and weather resistant. Mainly two types of solar cells are used in this
technology:
•
•

Mono-crystalline silicon that are produced from single crystal block with high purity
Multi-crystalline silicon which are made from a cast block of silicon; first cutting them
into bars and then slicing the bars into wafers

Thin Film Technology
Thin-film is ideal for large scale solar power farms as power can be produced at a low cost.
Consistent power can be generated at elevated temperatures as well as at low sun angles.
This technology uses thin layers of semiconductor materials with solid backing material.
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Concentrated PV Technology (CPV)
CPV technology is based on the same working principle as PV; the only difference is that an
optical system is used to concentrate the sunlight up to 1000-fold, on small multi-junction
solar cells. The optical system is comprised of mirrors and lenses. The following table lists
the categorization of CPV:
Type

Concentration

Low CPV

20- to 40-fold

Medium CPV

40- to 350-fold

High CPV

350- to 1,000-fold
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Activity
Answer the following questions.
1. A solar PV string is rated for Vmp = 400 V and Imp = 8A. Design a series-parallel connected
solar PV array to generate 16 kW DC power. What will be the DC output voltage and current
on the array?

2. A Solar PV string is rated for V mp = 460 V and Imp = 100A. Design a series-parallel connected
solar PV array to generate 46 kW DC power. What will be the DC output voltage and current
of the array?
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Activity
Answer the following questions.
1. Mirrors are used in _______________ technology.
a. Thin Film PV

b. Crystalline PV

c. Concentrated PV

2. The PV system which is independent of any other energy source to supply electricity to
appliances is _________________________.
a. Standalone PV
b. Hybrid PV
c. Grid Connected PV
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UNIT 2.3: Components of a PV System
Unit Objectives
At the end of this unit, you will be able to:
•

List the types of PV modules and their characteristics

•

Identify the batteries used in a PV system

•

Describe standard parameters of a battery

•

Recognize functions of a charge controller

•

List the types of charge controllers

•

List the types of inverters

•

Explain mounting structures

Solar PV modules are the most important part of the PV system. They are also called the
power generators of the system. In addition to PV modules, a PV system also includes
various other parts. The following figure shows the other parts of a solar PV system:
Batteries

For those PV systems which are required to operate at night or during
the absence of sunlight, storage of energy is important. Batteries are
used to store electricity.

Charge
Controller

The PV module output depends on the intensity of sunlight and the
temperature of the cell. Charge controllers or regulators are the
components which control the DC output and deliver that to the grid,
batteries, and/or loads and ensures smooth operation of the PV system.

Inverter

For applications that are run by AC power, the DC/AC inverters are
required to be installed in PV systems.

Mounting
Structures

They are required to fix the PV modules and to ensure that the modules
are directed towards the sun.

Load

The household appliances and equipment that require to be powered by
the PV solar system are called load.

Fig. 2.3.1: Parts of a solar PV system
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The following image shows different components of a solar energy system:

Fig. 2.3.2: Components of a solar energy system

2.3.1 Solar PV Modules
The basic component of a solar PV system, a solar cell, is able to generate a very small
quantity of electricity as compared to the electricity needs. For example, single solar cell can
generate daily electricity in the range of 6Wh to 10Wh while daily residential and
commercial requirements are much higher. Also, a crystalline silicon solar cell with an area
of 10 × 10 square cm, can generate 1.5 Wattpeak (Wp) output power approximately, with
open circuit voltage (V oc ) 0.6 V and short circuit current (I sc ) 3.5 A approximately. Therefore,
to generate more electricity, solar cells are connected in combination of series and parallel
to form a PV module. The following image shows a solar PV module:

Fig. 2.3.3: Solar PV module
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The amount of the output current from a PV module is directly proportional to the solar
irradiance. The output of solar PV module can be increased by connecting more solar cells in
a parallel connection. The solar cell voltage primarily depends on its temperature not on the
solar irradiance. PV modules, when formed by connecting the solar cells in series can
operate at different voltages. The number of solar cells and the way they are connected in a
PV module determines the current and voltage that the modules can provide, and the
average energy they can produce every day. PV modules are very important part of PV
systems.

Characteristics of Solar PV Modules

Like solar cells, the solar PV modules are named after the type of solar cells used in
manufacturing them. The following figure lists some commonly available PV modules:

Mono- crystalline silicon
solar PV module

Silicon solar PV module

Amorphous silicon solar
PV module

Cadmium telluride solar
PV module

CIGS solar PV module

Fig. 2.3.4: Some commonly available PV modules

Mono-crystalline silicon solar PV module and multi-crystalline solar PV module are the most
commonly manufactured and used PV modules. The following table shows the efficiency of
different PV modules:
Module Type

Efficiency

Advanced crystalline silicon modules

more than 18%

Commercial modules of mono-crystalline silicon solar cells

12 to 16%

Modules of poly-crystalline silicon solar cells

11% to 13%

Amorphous silicon modules

between 4% and 8%

Copper, Indium and Selenium (CIS) modules

11%

Commercial CIS modules

below 10%

Modules having gallium arsenide solar cells built for space more than 20% and up
to 30%
applications
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The performance warranty of most of the crystalline silicon commercial modules is a minimum
of 20 years. Depending on the climate and the region, the energy pay-back time ranges from 2
years to 6 years. Most amorphous silicon modules available in the market have a stable
efficiency level ranging from 4- 8%. The estimated energy pay-back time of amorphous silicon
modules is 1-3 years.

TIP
EPBT= E input /E saved , where
EPBT is energy pay-back time
E input specifies the amount of input energy for the life cycle of a module. It comprises of
energy required for manufacturing and installing activities, energy required for module to
operate and then finally to decommission it.
E saved is the annual saving of energy from the electricity produced by the PV module.
Some important features of PV modules are listed as follows:
• A solar cell converts radiation energy into electrical energy when sunlight falls on it.
Since solar cell is the basic component of a PV module, it generates electricity only when
sunlight falls on it. Thus, in absence of sunshine or at night, there is no output energy
from a PV module.
•

The amount of electricity which a PV module can generate, depends on its physical size.
Large size of the module enables large amount of electricity generation.

•

PV modules are mainly characterized in terms of their power rating, which is known as
'peak power' rating denoted by 'Wp'. The Wp rating is maximum power rating that a PV
module can provide under best condition, called standard test condition. The PV
modules are available in Wp rating starting from 1 Wp to 300 Wp.

TIP
Commonly available Wp rating of PV modules are 3 Wp, 10 Wp, 18 Wp, 36 Wp, 50 Wp, 75
Wp, 150 Wp, 175 Wp, 220 Wp, and 300 Wp.

•

Electricity generated from a PV module is DC in nature. The conventional electricity
supply available is AC in nature. All the appliances such as TV, CFL, tube light,
refrigerator, washing machine and so on run on AC. Therefore, if solar PV electricity has
to be used, it must be first converted into AC. To convert DC electricity into AC
electricity, an additional device called inverter is used.

•

Since PV modules generate electricity only during day time, the batteries store
electricity to be utilized by the load especially in the night for a seamless supply. Several

•
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•

devices such as LED bulbs, DC fans, DC water pumps and so on can directly be operated
using DC electricity.
Even other devices such as a mobile phone, a computer and a refrigerator can also be
run directly on DC. So, if we are using DC appliances, the use of inverter can be avoided.
Also, the use of DC appliances is not very common.

•

For large energy generation, many PV modules are connected. The interconnection of
these modules is called PV module array.

•

The I-V characteristics of a solar PV module is a graph in which different values of
current (I) for different voltages (V) is plotted on Y-axis and X-axis respectively. A typical
I-V characteristic curve of a solar PV module is shown in the following figure:

Fig. 2.3.5: I-V curve of a solar PV module

•

A P-V curve is plotted between power of a solar PV module on Y-axis and voltage of a PV
module on X-axis. The following figure shows a typical P-V curve of a solar PV module:

Fig. 2.3.6: P-V curve of a solar PV module

Rating of PV Modules
PV modules are rated by the manufacturers, generally at standard test conditions (STC). The
STC rating for temperature is 25°C, irradiance is 1000W/m2 and sunlight spectrum is AM [air
mass] 1.5G[global]. The solar irradiation is corresponding to the condition when solar
radiation travels 1.5 times the thickness of the earth's atmosphere.
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Therefore, this irradiation is called Air Mass 1.5. However, the real energy produced by PV
modules installed in a field is a consequence of varied operating temperatures, sunlight
spectra and irradiances. Hence, it is important to rate the PV modules after analysing them
at diverse temperatures and irradiances.
The International Electrotechnical Commission (IEC) Technical Committee 82 Working Group
2(IEC/TC82/WG2) has framed one of the most pertinent PV standards. It is the IEC 61853
standard with the title Photovoltaic Module Performance Testing and Energy Rating (IEC,
2011). It is comprised of four sections:
IEC 61853-1

It specifies the measurement of temperature and irradiance and power
rating of a PV module. It specifies the need for assessing the
performance of a PV module as per its power rating at different
temperatures and irradiances.

IEC 61853-2

It specifies the measurement of the incidence angle, spectral response
and the operating temperature. It specifies about the testing methods
used for the measurement of the effect of changing angles of incidence
and sunlight spectra. It also describes the estimation of the speed of
wind, the temperature of the module from irradiance as well as the
ambient temperature.

IEC 61853-3

It specifies the rating of energy level of PV modules. It specifies the
calculations involved in this rating in watt-hours.

IEC 61853-4

It specifies the standard time span and weather conditions which are
ideal for calculating the energy rating.

Fig. 2.3.7: IEC rating of PV module

Electrical parameters are determined at STC. Rated specifications of a PV module are
determined from the maximum power point (MPP) of the I-V curve of a PV module. The PV
modules are sealed to protect them against moisture, pollution, corrosion and weathering.
In this way, the performance specifications of the modules can be guaranteed.

2.3.2 Batteries
Batteries, an electrical storage medium, are integral part of a standalone solar PV system.
The battery stores electricity generated which can be used later. They are important
because without energy storage, a solar PV system will not be able to deliver the energy to
the load when there is no sunlight. In case of a standalone system, electrical energy for
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running appliances in non-sunshine hours is needed whereas in a grid-connected PV system,
energy storage is not required. In other words, it supplies electricity at night or in absence of
sunlight when the solar panel is not able to produce electricity or power.
The battery is an expensive component and has a shortest life among the PV system
components. The battery gets damaged when maintained poorly or not used properly. A
typical battery used in a PV system is shown in the following image:

Fig. 2.3.8: Batteries

Components of Batteries
The components of a battery are listed in the following figure:
Anode
•It is generally referred as positive terminal, positive node or positive lead.
•It is the electrode which gives up electrons to the external circuit, as a result of
which the electrode is oxidized during the discharging reaction.
Cathode
•It is generally referred as negative terminal or negative node.
•It is the electrode which gains electrons from the external circuit, as a result of
which the electrode is reduced during the discharging reaction.
Electrolyte
•It is a medium which provides conductivity to ions between anode and
cathode. One can say that an electrolyte is a medium through which current
flows internally in a battery.
•An electrolyte is typically a liquid, such as water or other solvents which can
dissolve salts, acids or alkalis.
Salt bridge
•It is a porous material used to keep the two electrodes connected but yet
separated from each other; otherwise the chemical reaction would stop.
•It is also referred as separator.
Fig. 2.3.9: Components of a battery
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Types of Batteries

There are variety of batteries available in the market for different types of applications. Each
battery type is more suited for one type of application. The following figure shows the
classification of batteries:

Battery

On basis of chemicals
used

On basis of presence
of cap

Non-rechargeable batteries or
primary batteries
Rechargeable batteries or
secondary batteries
Open-cell or flooded-cell
batteries
Maintenance-free or sealed
batteries
Deep-discharge batteries

On basis of power
output

Starting batteries

Fig. 2.3.10: Classification of batteries

A few of the primary and secondary batteries are listed in the following figure:
Non-rechargeable batteries or primary
batteries

Rechargeable batteries or secondary
batteries

Carbon Zinc or Heavy Duty

Lead Acid

Alkaline

Nickel Cadmium (NiCd)

Lithium Cells

Nickel Metal Hydride (NiMH)

Silver Oxide Cells

Lithium Ion (Li-ion)

Zinc Air Cells

Lithium Ion Polymer (Li-ion
Polymer)
Fig. 2.3.11: Primary and secondary batteries
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Other types of batteries are listed in the following figure:
Open-cell or
flooded-cell
batteries

•Have removable caps on top
•Facilitates testing the cells and adding water when needed
•Are sealed and can be maintained only at a factory
•Does not have filler caps though have a smooth top
•Used for a PV system
•Does not last as long as open-cell batteries if maintained
properly
•Best-suited for most PV because they are specially designed
to deliver a high percentage of their power without any
damage
• 80% of the power stored in a deep-discharge battery can be
regularly used without damage
•Used for vehicles
•Is designed to provide high power for a short time to start an
engine
•Are easily damaged by using a high percentage of the
electricity stored in them

Maintenancefree or sealed
batteries

Deep-discharge
battery

Starting battery

Fig. 2.3.12: Different types of batteries

Battery is the component of a PV system which requires careful handling and maintenance.
The liquid level in the battery must be checked regularly to ensure correct level is
maintained. The ionized distilled water or the purest form of water must be added if water
level in the cell is low.

Parameters of Batteries

The standard parameters of a battery specified by the manufacturers are listed in the
following figure:
Battery terminal voltage (in volts)
Charge storage capacity (in coulomb or ampere-hour or Ah)
State of charge
Depth of discharge (in percentage)
Cycle life
Self discharge (in %)
Efficiency
Fig. 2.3.13: Standard parameters of batteries
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Battery Terminal Voltage

Batteries supply electrical energy to the load connected across its terminals. The electrical
energy transfer from the battery to load is possible only when there is voltage difference
between the two terminals. Thus, a battery's terminal voltage is the voltage difference
between its two terminals or electrodes. The voltage difference between its terminals is the
driving force for the current to flow.
For a given appliance, an appropriate level of terminal voltage must be available, otherwise
the device does not work. The supply requirement may vary from 1.5V to 6V to 12V. Some
devices may also need higher voltages. Thus, battery terminal voltage is one of the
important parameters that determines the choice of the battery. For solar PV system
applications, there are batteries which are available with 6V and 12V ratings.
Each battery is made up of cells. The terminal voltage of cells is determined by the
components they are made up of. The battery terminal voltage changes with the condition
of battery. It increases when the battery gets charged and decreases when it gets
discharged. The following figure lists different voltage terminologies associated with a
battery:
Open Circuit Voltage (Vo)
•Also called voltage as this is the maximum possible voltage at output
terminals of a battery when the circuit is open.
•Also referred as the electromotive force (e.m.f.) of the battery or Vemf.
Nominal Terminal or Operating Voltage
•Actual voltage available at the output terminal of the battery on which the
load can operate.
•When current flows through battery, its terminal voltage is normally lower
than the Vo due to the internal resistance of the battery.
•The standard battery nominal voltages available are 1.5V, 3V, 6V, 12V, 24V,
48V.
Cut-off Voltage
•Voltage to which the load operates and below which the battery should be
disconnected from the load preventing over-discharge.
Fig. 2.3.14: Different voltage terminologies associated with a battery

Battery Storage Capacity
The capacity of a battery refers to its charge storage capacity and is expressed in terms of
ampere-hour (Ah). One Ah is the amount of charge delivered when constant current of one
ampere (A) is used for one hour (h). The capacity of a battery is given by the expression:
Capacity (C) = Current (A) X Hour (h)
The capacity of non-rechargeable batteries normally varies in few mAh to several Ah. The
capacity of rechargeable batteries can vary from few Ah to thousands of Ah.
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State of Charge (SOC)
SOC of a battery refers to the percentage of its capacity that can be used. For example, a
battery having 100 Ah rating but depleted by 20 Ah will have an SOC measurement of 80%.
The ratio of the quantity of energy currently saved in the battery to its given rated capacity
is known as the battery state of discharge (BSOC or SOC). A 500 Ah capacity rated battery
will have 400 Ah of energy saved in the SOC is 80%. A simple way of measuring the BSOC of
a battery is to measure its voltage and compare it with the voltage of a battery that is fully
charged.

Depth of Discharge (DOD)
The depth of discharge (DOD) of a battery ascertains the amount of power of the battery
that can be used. For example, if the manufacturer of a battery marks its DOD as 25%, then
the load can utilize only 25% of its capacity.
Almost all batteries, especially the ones used for renewable energy appliances, get their
rating as per their capacity. However, the real energy that can obtained from the battery,
especially for lead acid batteries, is much less than the given rated capacity. This happens
because taking out the entire capacity from the battery can reduce its lifetime considerably.
The amount of the battery capacity that can be utilized from the battery is called its DOD. If
a battery has its rated capacity as 500Ah and DOD of 20%, then it can give 500 x .2= 100 Ah
of energy.
Percentage of maximum capacity of the battery is the percentage of its capacity that has
been discharged. A discharge of minimum 80% DOD is known as deep discharge.
Therefore, normally, deep discharge batteries are preferred for PV applications. The
batteries used for solar PV applications have high DoD, about 50%. In practice, there is no
battery for which the allowable DoD is 100%. Normally, the batteries used for starting,
lighting and ignition applications, for instant, the car batteries, have small DoD, about 10%
to 20%. The Li-ion batteries have DoD of 80% to 90%.

Cycle Life
Cycle life is defined as the number of cycles a battery or cell carries out before capacity
reaches 80% of its original capacity.
Every cycle of charge and discharge of the cell is linked to a simultaneous conversion cycle
of the active chemicals within the cell. This is accompanied by gradual degradation of the
chemicals in the cells that is not visible to the user. The degradation could be a consequence
of undesirable and unavoidable chemical reactions within the cell or an alteration in the
morphology of the electrode particles due to growth of dendrites and crystal. The cell
capacity is reduced or the effective resistance within the cell may rise as the volume of the
active chemicals in the cell could diminish over time.
The cell does not die after the cycle life is over but its gradual degradation carries on. It
works normally but its capacity decreases considerably as compared to when it was new.
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Self-Discharge Rate

The rate at which a cell gets discharged while not in use, because of undesirable chemical
reactions inside it, is called its self-discharge rate. It depends on the temperature and
components of the cell. The following table lists the self-discharge rates per month for some
batteries:
Type

Self-Discharge Rate/month

Lead Acid

4% to 6%

Alkaline

2%-3%

Primary Lithium Metal

10%

Nickel Based

10%-15%

Lithium ion

1%-2%

Battery Efficiency
The charging voltage for any rechargeable battery is greater than the discharging voltage.
Charging voltage = battery electromotive force (e.m.f.) + voltage drop because of the
internal resistance of the battery
• Discharging voltage = battery electromotive force (e.m.f.) − voltage drop due to the
internal resistance of the battery
The discharged energy is always less than the charging energy of the battery due to its
internal resistance. Typically, a lead-acid battery is 80% to 90% efficient in doing charge
transfer. The expression for the charge transfer efficiency is as follows:
Ampere-hour/Charge transfer efficiency = Discharged energy (Ah) X 100 / Charging Energy
(Ah)
•

Batteries Used in a PV System
The batteries used for a PV system:
•
•
•
•
•

Must be rechargeable
Must allow deep discharge
Should have long life span
Should be easily serviced
Have high capacities and low self-discharge rate

Lead Acid Battery

Lead acid battery is the most common battery that is used in PV applications. The name
comes from the main components in the battery which are lead and sulphuric acid.
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The following figure lists some characteristics of lead-acid batteries which make it a good
choice for PV applications:
These are rechargeable.

These have capacities in the range of 1 to 12,000 Ah.

These have 500-800 charge-discharge cycles.
Their life time is of about 2 to 3 years. If maintained properly and used
with a suitable charge controller, the operational life can be 5 - 7 years.
They perform very well for a wide range of temperatures, from -15°C to
60°C.
They can easily be replaced and maintained.

Fig. 2.3.15: Characteristics of a lead-acid battery

The most commonly used lead-acid battery is the car battery. A car battery is designed to
provide a high current for a short duration for starting the engines. They are sometimes
used for small photovoltaic systems because of their low cost but their operational life in
solar PV applications is likely to be short. Hence, the car batteries are not suitable for deep
discharge cycle that is experienced by the batteries in PV systems.

Flooded Tubular Plate Design
The most common lead- acid battery used in PV systems is of flooded tubular plate design,
having low antimony plates. Longer operational life may be achieved if the maximum DOD is
limited. If the batteries are wrongly treated, it will lead to a shorter lifetime. Flat plate leadacid batteries are often used as stationary batteries for the stand-by applications. However,
these batteries do not allow deep cycling. Hence, these are not the best choice for most of
the PV applications.

Sealed Lead-Acid Battery

A sealed lead-acid battery is designed mainly to avoid spillage problems and the need to top
up the electrolyte. Some of this type batteries are sold specifically to be used in the PV
systems. They are attractive for applications in the remote regions where visit to the site is a
problem. Sealed lead acid batteries are considerably more expensive and generally less
resistant to extreme temperatures than the conventional flooded batteries.
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Nickel Cadmium Batteries
The nickel-cadmium battery (NiCd or NiCad) is a rechargeable battery which has porous
plaques of nickel hydroxide as positive plates of the electrodes and porous plaques of
cadmium hydroxide as negative plates of the electrodes.
The following figure lists two types of NiCd batteries:
Sintered Plate NiCd Batteries

Pocket Plate NiCd batteries

•These suffer from memory effect, in
which the useful capacity of the
battery appears to drop after it has
been discharged over many cycles or if
it is discharged at low rates.
•These batteries are not, therefore,
attractive for use in PV systems.

•These can be used in PV systems
because they have additives in their
plates to prolong their operational life
and to minimize the memory effect.
•These are highly resistant to extremes
of temperature and can safely be taken
down to less than 10% SOC.
•Their main disadvantage is their high
cost as compared to lead-acid
batteries.

Fig. 2.3.16: Types of NiCd batteries

Comparison between Lead Acid Batteries and Nickel Cadmium Batteries
The following table lists the comparison between lead acid batteries and nickel cadmium
batteries based on their performance and prices:
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Connection of Batteries in a Photovoltaic System
In a PV system, the batteries can be connected in series, parallel or in both. The following
figure shows the connections of the batteries:
Series Connection
Batteries are connected together in series when the required
PV system voltage is higher than the individual battery terminal
voltage.
Negative terminal of one battery is connected to the positive
terminal of the other.
The positive terminal of the first one and the negative terminal
of the last one are used to obtain high voltage.
Connecting the batteries in series increases the voltage.
Ideally, it is desired that the terminal voltage of all the series
connected batteries is same.
Parallel Connection
Batteries are connected in parallel when high current is
required.
Same type of terminals are connected together at one point.
The positive terminal of all the batteries is connected as one
and negative terminal of all the batteries are connected
together as one.
The capacity of each battery is additive.
Connecting the batteries in parallel increases the capacity but
the voltage remains same, which is equal to the voltage of a
single battery.
Mixed Connection
Combinations of series and parallel connection are used.
This type of connection is used when both voltage and
current/capacity requirement increases the standard values of
available batteries.
Depending on the voltage requirement, the calculated numbers
of batteries are connected in series and depending upon the
current/capacity requirement, the numbers of such series
combinations are connected in parallel combinations.
Fig. 2.3.17: Different connections of batteries in a PV system
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2.3.3 Charge Controller
The PV panels can overcharge the battery by forcing too much electricity into it. Hence, a
charge controller is required. The battery gets hot and loses water rapidly when it is
overcharged. This may cause damage to the battery. A charge controller controls the charge
by working similar to a valve on a rainwater collection system which prevents overflowing of
the water tank.
The charge controller must be connected between the battery and PV panels. The voltage of
battery is constantly under a check. A controller restricts extra charge from getting into the
battery if a high voltage indicates full battery. The following image shows a charge controller
in a PV system:

Fig. 2.3.18: Charge controller

Charge controller performs functions such as:
• Charging the battery.
•

Giving an indication when battery is fully charged.

•

Monitoring the battery voltage and when it is minimum, cutting off the supply to the
load switch to remove the load connection.

•

Ensuring the load is cut off from the battery supply in case of an overload (the load is in
a switch-off state).
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The following image shows the functions of a charge controller:

Fig. 2.3.19: Functions of a charge controller

Types of Charge Controllers
The main types of charge controllers are mentioned in the following figure:
Series Charge Controller
• A switch shutting the electricity flow off from the panel to the battery when full charge is
attained.
• Switching usually done using magnetic switch known as a relay. Other switching
transistors may also be used.
Parallel Charge Controller
• It is a parallel connection along with panels placed side to side with their output wires.
•The panel wires are short restricting any extra electricity to the battery when a full battery
is sensed.
Discharge Controller
• Restricts appliances from intake of excess electricity from the battery to avoid
discharging it.
• It should be connected between the appliances and battery. It works by keeping the
battery's voltage under a constant check.
• During a low voltage, it shows a battery is completely drained.
Combined Charge and Discharge Controllers
• They are put together in the same box and can be distinguished by looking at their
respective connections.
• If the connections lead to the panels, the controller box consists of a charge controller. If
the box connections lead to the appliances, the controller box consist of a discharge
controller.

Fig. 2.3.20: Types of Charge Controllers
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The following image shows a combined charge controller:

Fig. 2.3.21: Combined charge controller

Charge Controller Technologies

A basic charge controller ceases to charge a battery when they go beyond a set upper limit
of voltage level and begins to recharge when the battery voltage goes back, down that level.
With technological advancements in electronics, charge rates can be adjusted as per the
battery level allowing maximum charge capacity. The following figure lists the technologies
used by the charge controllers:
Pulse Width Modulation (PWM) Charge Controller
PWM charge controllers function by matching the panel
voltage to the voltage of the battery and in the process
bring down the output voltage of the panel.
It comes into action when the battery is full. At the time of
charging, it allows current as much as the panels can
generate to reach the target.
Once the battery reaches the target voltage, the battery is
disconnected from the charge controller on the panel
ensuring efficient charging of the battery and protecting it
from being overcharged.
Maximum Power Point Tracking (MPPT) Charge Controller
MPPT charge controller is based on the latest technology
and aims at getting the utmost benefit from the solar panel.
It functions as per the panel voltage and transforms the
excess voltage of the panel into current. This gives a boost
to the solar panel's output.
MPPT charge controllers have an indirect connection with
the PV system and the battery bank as it is linked to a
DC/DC voltage converter. This converter changes the extra
PV voltage into additional current without any loss of
power.
MPPT controllers use an adaptive algorithm which follows
the MPP of the PV array and then adjusts the input voltage
to manage the efficient amount of power for the system.
Fig. 2.3.22: Charge controller technologies
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Terminologies Related to a Charge Controller
For a charge controller to operate, various voltage and current levels are defined. These
levels are listed in the following figure:
Nominal System
Voltage
Nominal Load
Current

•Voltage at which a charge controller and a battery operate in
a PV system.
•Maximum load current that a charge controller should be
able to handle.

Nominal PV Array
Current

•Maximum PV array current that a charge controller should
be able to handle.
•A safety factor of 1.25 is used to account for variation in
short circuit current at non STC.

Charge Regulator
Set Points

•It senses a battery's voltage (or SoC) to decide either to
disconnect the source (PV array in this case) to prevent
overcharging or to disconnect the load (from the battery
output) to prevent deep discharging.
•Majorly used in cases of unpredictable loads and in the
batteries for minimizing initial cost (optimized/undersized).
There are set algorithm threshold values, decisions upon
which are taken.

Voltage Regulation
Set Point (VR)

•A battery's maximum voltage up to which it holds its charge
capacity.
•At a threshold level, the controller either regulates the
current received by the battery or disconnects it from the
source.

Voltage Regulation
Hysteresis (VHR)

•It is the difference between VR and the voltage at which the
controller reconnects the battery to the PV source and starts
charging.
• VRH determines the effectiveness of a controller charging
the battery.

Low Voltage
Disconnect (LVD)

• Minimum battery's voltage that states its discharge but not
deep discharge. It is also referred as DoD of battery (depth of
discharge).
• Battery load is disconnected by charge controller the
moment voltage reaches its LVD, to avoid deep discharge.

Low Voltage
Disconnect
Hysteresis (LVDH)

•Difference between battery voltage and LVD value, where
load battery terminals are reconnected to the load.
•Low LVDH will make the load switch on and off more
frequently, which can adversely affect the battery, hence the
LVDH is not very low.
Fig. 2.3.23: Voltage and current levels of a charge controller
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The following figure shows the charge regular set points:

Fig. 2.3.24: Charge regular set points

Charge controllers are available for various ratings of nominal system voltage and PV array
current. Typical rating of 12V, 6A rated PWM charge controller is shown in the following
figure:

Fig 2.3.25: Specifications of a PWM charge controller

Features of a Charge Controller
The features of a charge controller are as follows:
•

Type of switching and control: Switching may be series type or shunt or parallel type.
The control algorithm used by a charge controller may be PWM type or MPPT type.

•

Temperature compensation: It alters the charge regulation voltage as per the battery
temperature:
o Raises the regulation voltage when the battery temperature is very low. This
improves its capability to charge the battery.
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o

Lowers the regulation voltage when the temperature of the battery is high. It helps
to reduce the loss of electrolyte and overcharging of the battery.

Lead acid battery has the standard temperature compensation coefficient of 5Mv/°C.
Few charge controllers have the provision of equalization functions, both manual and
automatic. Charge regulation voltage is regularly raised for a fixed span of time to
equalize the battery cells. Flooded and vented batteries usually get the equalisation
charge.
Indications for system status and operating information:
o The set points of the charge controller specify the voltage levels of the controller to
perform regulate and control functions. These are important parameters affecting
the life of the battery and the system efficiency.
o

•

o

Few charge controllers have battery voltage sense leads to oppose the aftereffect of
voltage drop on the charge regulation set points. The following image shows battery
voltage sensing of a charge controller:

Fig. 2.3.26: Battery voltage sensing of a charge controller
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Wiring and Maintenance of a Controller
Connecting the correct wires to the right terminals is very important. Incorrect wiring of the
controller prevents it from working and the battery may be damaged due to this. For wiring
and maintenance of the charge controllers, the key points as shown in the following figure
need to be followed:
The controller should be wired in the circuit as per the instructions provided by the supplier of
the controller in the manual.
•The battery's positive should be connected to battery's positive terminal on the controller
followed by a panel's positive terminal being connected to the controller.
• In some cases, a controller has a panel connected before the battery or vice versa in other
cases.
The controller should be strongly mounted in a cool place away from the sun, safe from rain
and close to the battery.
• A controller should be placed where indicators are visible. Problems may be caused due to
long wires between the battery and controller as measurement of charge from a distance is
difficult.
•A wire should range between 1m-2m between a battery and a controller.
Ensure installation of an earthing system and that all intallation steps are duly followed.
•Lightening is the major damaging agent of semiconductor switches. A circuit to disperse
generated electricity from lightening is included in charge controllers of good-quality.
•Controllers must be equipped with a wire earther properly using an earthing rod (buried)
so that electricty as a result of lightening can go down in the ground without causing any
harm to the controller.
•A mount or PV panel frame is essentialy required in some installations for an earth
connection.
Avoid changing controller adjustments.
•The adjustments indicate full or discharged.
•Without appropriate equipment or techniques, adjustments can't be correct.
•Any change in adjustments without proper equipment/techniques, may result in a battery's
damage or decreased life span.
Ensure correct wiring.
• Incorrect wiring can cause serious damage to controllers.
•Other factors are water, insects, heat, and animals.
•Carefully add new appliances to ensure a controller handles extra power without damaging
itself.
•In case of a serious damage to controller, consider replacing with a good quality controller.
Fig. 2.3.27: Key points for wiring and maintenance of the charge controllers
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2.3.4 Inverter
Most of the appliances use AC power while PV modules produce DC Power. Also, in
standalone solar photovoltaic systems the energy stored in batteries is in the form of DC
power. Therefore, the transition of DC power to AC power is required before it is used for
running appliances. Transition of DC Power into AC power can be obtained using devices
called DC to AC converters or DC/AC converters or inverters. The following figure shows the
basic workflow of an inverter:

Fig. 2.3.28: Basic workflow of an inverter

The inverter's main functions are listed in the following figure:
Converting DC electricity into AC

Wave shaping of the produced AC electricity
Regulation of the value effectiveness of the produced
voltage
Fig. 2.3.29: Basic functions of an inverter

Inverters for PV Applications
Inverters operating in a solar PV system constantly nears MPP (maximum power point). The
high-switching- frequency inverters with a 20 kHz or higher frequency is possible because of
switch- mode semiconductor power devices. Low power inverters use power MOSFETs and
bipolar transistors whereas, thyristors (semi-conductor device) are utilized in high-power
inverters. If run at a frequency up to 50 kHz, IGBT (Insulated-gate bipolar transistor) have
the capacity of handling several hundred kW; delivering an AC production wave in the form
of pure sinusoidal one, along with a little filter at the output. Thus, the process restricts the
large, energy-consuming and expensive power filters.
Inverters, used for PV applications, have the following:
• Reliability
• Efficiency characteristics
Solar inverters have some unique functions modified to work with PV arrays. These include
highest power point tracking and anti-islanding safety. Islanding indicates a state wherein a
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distributed generator (DG) persists powering an area when the grid power is not available
from the utility.
Solar micro-inverters are not same as the regular inverters. Each solar panel has a single
micro-inverter connected to it. The total efficiency of the system can be enhanced due to
this. The collective output from all the micro-inverters is supplied to the electrical grid.

Types of Solar Inverters
The solar inverters are a significant interface between the solar PV and the load. Depending
on whether a battery is used in the PV system or not, the solar inverters can be classified in
three categories:
• Standalone Inverters
•

Grid Tie Inverters

•

Battery Backup Grid-tie Inverters

Standalone/Off-Grid Inverters
They are normally used in standalone PV power systems. In standalone system, there is no
backup of power for energy storage. Therefore, this type of inverter has battery backup to
supply the power to the load in case of non-sunshine hours.
The standalone inverters are called so because there is no need to attach them to the solar
panels. They receive DC power from batteries. PV arrays are used to charge the batteries.
Some standalone inverters are coupled with the battery chargers to refill the battery. Since
the standalone inverters are detached from the utility grid they do not need anti- islanding
safety. The following image represents a block diagram of a standalone inverter:

Grid Tie Inverters

Fig. 2.3.30: Block diagram of a standalone inverter

These inverters are connected to grid and do not have battery back-up. They have special
circuitry to match the inverter output voltage and frequency with that of the grid. A grid is

88

Solar & LED Technician

used as a battery backup when power generated by a PV array is insufficient. These
inverters also have inbuilt MPPT to extract maximum amount of power from the PV array.
When the sun is shining and PV array is generating more power than usage, then the extra
power after meeting the load is supplied to the grid. If PV array power is less than the load
requirement, then some power is drawn from the grid to make up the shortage of power.
The grid tie inverters are set up in such a way that they turn off automatically at times of
power loss to provide protection from any harm. Thus, at such times these inverters do not
supply emergency power. Homes, which are powered by utility grid, should utilize grid tie
inverters to get benefit from net metering. Grid tie inverters need anti- islanding protection
in their system. The following image represents a block diagram of a grid tied inverter:

Fig. 2.3.31: Block diagram of a grid tie inverter

Battery Backup Grid-tie Inverter
Grid-ties inverters also have battery backup like standalone inverters. The battery backup
inverters are designed to draw energy from batteries and regulate that with its on-board
charger. They supply the extra energy to the utility grid. These inverters can provide AC
power to chosen areas where energy is needed at times of power interruptions. They need
to install anti-islanding protection.
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A battery backup grid-tie inverter is shown in the following image:

Fig. 2.3.32: Block diagram of a battery backup grid-tie inverter

Efficiency of Inverters
The competence of an inverter is typically demarcated by its design operating power. In
general, efficiency of the inverters ranges from:
• Partial load at 85% - 95% (typically10%)
• Full load at 90% to 96%
In a PV system, the size of a grid-connected inverter is calculated using the efficiency
characteristics of the inverter as well as its overload capability. Ideal system performance
can be achieved by using an inverter that has a rating in the range of 70% -90% as nominal
rating of the solar PV array that depends on the performance of inverter and the climate
involved.
For grid-tied operation, inverters should:
• Match the necessary equipment considering the quality of output voltage and current
waveforms.
• Avoid production of electrical noise that may hinder TV’s/Radio’s reception.
• Be turned off during a grid’s failure, ensuring safety of engineers who may be present to
repair the grid.
In stand-alone PV systems, battery supplies energy to the inverter. Hence, partial load
operation of the inverter can be curtailed by sizing the inverter to match loads.

2.3.5 Mounting Structures
PV mounting systems are also known as solar module racking. These are utilized to get the
solar panels attached to locations such as surfaces of roofs, exterior of buildings or the
ground. Retrofitting of solar panels on roofs or as a section of a building (known as BIPV) can

90

Solar & LED Technician

be done with the help of these mounting systems. The importance of mounting structures is
listed in the following figure:
To avoid local wind forces
To hold the PV modules securely in place
To prevent stealing of the modules when placed in a public area
To ensure that the modules are not shaded
To enable easy access for maintenance/repair of modules
Fig. 2.3.33: Aim of mounting structures

Special mounting structures that can serve as PV modules as well as building elements are
developed for integration in buildings. PV modules on the roofs of houses, in the facades of
buildings, warning signage, outdoor lighting and telephone box’s roof are some common
examples. The structural cost must be low. In most PV applications, the configuration is less
profitable due to extra cost borne for placement of PV modules on sun tracking system.

Types of Mounting Structures
Solar panel mounting structures or systems are made of aluminium, galvanized iron (GI) and
mild steel (MS) material. The following image shows the basic solar panel mounting
systems:

Ground Mounting

Roof Mounting

Shade Structure Mount

Building Integrated PV
(BIPV)

Fig. 2.3.34: Basic solar panel mounting systems
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The following table lists some common types of PV array mounting systems:
Structure
Ground-mounted
PV arrays

Description

Image

• They are used for
larger PV systems or
where the rooftop
installations are not
practical.
• They can use racks,
poles and other
foundations for
supporting the
arrays.
• They are usually
more vulnerable to
damage than rooftop
arrays, but the
constraints for their
orientation and
location is less as
compared to the
rooftop installations.

Integrated mount

• They have panels
attached directly to
rafters and replace
roofing materials.
• They require
modules which are
integrated into the
exterior of the
building or roofing.
Sometimes these
systems are referred
to building
integrated PV.
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Structure
Stand-off
mount/Flus
h mount

Description

Image

• They use standoffs
attached to the roof for
supporting rails on
which the PV modules
are mounted.
• They allow sufficient
gap to provide air flow
as solar panels usually
need air flow to give
best performance.
• They are recommended
and popular mounts for
residential purposes.

Standard panel
fixture

• They allow panels to be
fixed in the customer
place as it is.
• There is no requirement
of adjustments in these
fixtures.

Non- standard
panel fixtures

• They require pictorial
representation of
customer place where
the panel is to be
installed.
• They require the panel
fixture be designed
separately as per the
customer roof model.
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Structure

Description

Image

Ballasted mounting
systems

• They are used in flat
roof commercial
projects.
• They are dependent
on the weight of the
array, the racking
system and the
material such as
concrete paver to fix
the array to the roof
or ground.
• They do not require
penetration to roof
or ground.

Roof top

• They are very
popular for installing
solar PV arrays.
• They offer less
physical protection
and limited access to
the PV array for
safety.
• They generally
provide better sun
exposure.
• They do not occupy
space on the ground.
Hence the ground
may be used for
other purposes.
• They must be
secured structurally
and any attachment
and penetration
must be weather
sealed properly.
• They should not be
blocked from the sun
by any shades.
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Structure
Direct mount

Description

Image

• They allow panels to
be attached directly
to the roof.
• They are cheap and
easy to install.

Pole mount

• They are generally
used with
manufactured racks
that are mounted on
the top or attached
to the side of a steel
pole.
• They are popular for
off-grid residential
photovoltaic systems,
as the weight of the
PV array is balanced
over the pole;
seasonal adjustments
can be easily done.
• They are very
common in small
applications having
one or two modules
where the entire
system is mounted
on a single pole.
• They offer better
cooling for the panels
as compared to roof
mounting.

Rack mounting
structure

• They are used for
non-tracking systems
at ground level.
• They are also used in
large commercials or
utility scale arrays.
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Structure
Sun-tracker systems

Description

Image

• They follow the sun
daily.
• They are generally
mounted on poles
and allow the system
to receive greater
amount of solar
energy.
• They allow tracking to
enhance the summer
gain by 30% or more;
but in winter the gain
is 15% or less.
• They allow tracking in
two axes to achieve
maximum
performance.
• They can also be of
single-axis to provide
simplicity and
reliability.

Shade structure

• They work as patio
covers to provide
shade.
• For example, carports
can have solar panels
and cover as many
parking spots as the
project requires.
These carports could
have the provision of
electric vehicle
charging stations as
an added benefit to
the cars parked there.
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2.3.6 Fuse and Junction Box
Fuses and junction boxes are components that are also required for a PV system installation.
The PV modules are connected together in an array junction box that contains DC main
cables, supply terminals, string diodes and fuses.
Fuses, wires and junction boxes should be chosen for the maximum possible currents and
voltages that are likely to occur in the system. Mainly, the parameter used for choosing
these products is current. Normally, a standalone system will have a DC side as well as an AC
side. Therefore, the maximum voltage and current for both DC and AC sides must be
considered. This estimation of maximum current is useful in deciding the appropriate
components, fuses, junction boxes and wires.

2.3.7 Cables and Connectors
A cable utilized for interconnection of solar panels or other electrical components in the
generation of photovoltaic power is known as a solar cable.
The features of a solar cable are as follows:
• Designed as UV and weather resistant
• Laid outside and used between large temperature ranges
• Maximum DC voltage permissible is 1.8kV for single-core cables. DC rating should be up
to 1.5kVDC from phase to ground with a temperature range of -40 °C to +90 °C ambient;
a 25-year life service against thermal ageing at 120 °C on the conductor.
• Should have a double insulation for protection against ground faults and short circuits
• The cable’s cut-away needs to be proportionate so that 1% loss during economical
operations is restricted.
MC4 extension cable and an electrical extension cord is quite similar. It has a female and
male connector at each end, respectively. These cables are available in various lengths, from
8 feet to 100 feet. The following image shows a solar cable with connectors:

Fig. 2.3.35: Solar cable with connectors

The use of an extension cable is not viable because the distance travelled by the wire in a
solar panel set-up of a house or a cabin is normally very long. Therefore, in such cases the
panels are connected to a combiner box with the help of an extension cable. This approach
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allows the use of cheaper wiring in an electrical conduit to cater to long distances; which in
turn leads to less cost than MC4 cables.
Consider that a 20 feet wire needs to go through an electrical equipment and two modules. A
50 foot extender cable will suit the situation.
As per the combiner box location, one side of the panel string may have a greater distance than
the opposite side.

Solar Cable Connectors

The following image shows a solar PV cable connector:

Fig. 2.3.36: A solar PV cable connector

A PV module is designed with a junction box at the back. An installer attaches the wires
directly to the junction box when modules are wired together. The recent PV modules have
been added with MC connectors that appear from the junction box. The MC connectors are
weatherproof, safe and reliable. The following table lists the connectors:
Type
Solar line 1

Description

Image

•

A common connector on
modules, it has been
available since mid-1990s
and presently manufactures
too.

•

Rubbery ends of each
connector fit the ridges. It is
essential that no gaps exist
for a good connection.

•

Abbreviated as: MC1 or MC3
(for 3-millimeter connector)
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Solar line 2

1. Built into modules from mid2000 and are common today
2. Rigid plastic, and on being
engaged, it clicks together
3. As per 2008 National Electric
Code (NEC), connectors that lock
and click must be used when PV
modules are installed in
accessible locations.
4. Installer has an option of
attaching an optional piece to
the solar line 2 connectors,
which provide a provision to
lock. A special tool is required to
unlock connectors.
5. Abbreviated as: MC2, MC2L (L
for locking) and MC4 (for a 4mm
connector)

Size of Wires

More volts (electrical pressure) are needed to push a certain amount of amperes (current)
across a wire in a smaller wire with less diameter. More panels and batteries should be
installed to get a higher voltage, which includes extra cost. In large diameter wires, the
voltage required to drive electricity through wires is low whereas the wire’s cost is high. The
best wire size will compensate the cost of a large wire with a low voltage and the extra
panel cost from smaller diameter wires that are relatively cheaper.
More voltage is required to push certain amperes through a longer wire. In order to get an
increased voltage, more panels and batteries should be installed, incurring extra cost. Short
wires save cost and reduce the scope of power loss.
The following figure lists the steps to find the correct size of a wire:

Estimate the
appliance's rating of
watt/ampere

Draw a rough
estimate of the
distance between
battery and
appliance, required
by a wire to cover

Allow extra length of
wires to be placed
around windows or
doors or place it in
switches

Fig. 2.3.37: Steps for finding the required size of a wire

The watt or ampere rating is usually shown on the label, although sometimes it can only be found
on specification sheets packed with the appliance. The amperes used by an appliance can also
be measured while it is in use with an ammeter.
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Activity
Choose the correct alternative:
1. Which of the following mounting structures does not need any penetration to the roof
or ground?
a. Ballasted Mounting

b. Rack Mounting

c. Pole Mounting

2. Which of the following options is a purpose of mounting systems?
a. Regulating temperature

b. Resisting wind force
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c. Protecting PV
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Activity
1. Complete the following table for a DC/DC Converter:

2. The input DC power of an inverter is 300W. The efficiency of the inverter is given as
97%. What is the output of the AC power?
3. Complete the following table to obtain the missing quantities:

4. Fill in the following table on capacity, discharge rate and current of battery:

5. If you have a 12 V battery of capacity 500 Ah, then calculate the power of the battery
and the amount of energy stored in the battery. Assume battery duration is 10 hours.
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Practical
Connect the solar panels in series and parallel and calculate the power in both the types of
connections.
Equipment used:
1. 4 Solar panels
2. Connecting wires
3. Multimeter
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Practical
Make a standalone off grid solar PV system.
Equipment used:
1.
2.
3.
4.
5.

Solar panel.
Charge controller
Inverter
Battery
Connecting wires
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Practical
Perform proper wiring check and maintenance of a charge controller.
Equipment used:
1. Connecting wires
2. Charge controller
3. Multimeter
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Practical
Perform proper maintenance of a solar PV mounting structure.
Equipment used:
1. PV mounting structure
2. Tool kit
3. Rag for cleaning
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3. Installation of SolarBased LED Lighting
System
Unit 3.1 – Introduction to Solar and LED Technician
Unit 3.2 – Pre-installation Activities
Unit 3.3 – Fix PV panels
Unit 3.4 – Connect PV Panels
Unit 3.5 – Post installation activities
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Key Learning Outcomes
At the end of this module, you will be able to:
•

Identify the skills required by solar and LED technician

•

Define roles and responsibilities of solar and LED technician

•

Describe the workflow of solar and LED technician

•

Prepare the work area

•

Prepare structures for panels installation

•

Explain different types of PV panel structure and their advantages

•

Connect PV panels in parallel and series

•

Fix the LED lighting system

•

Perform post installation activities

•

Segregate different types of waste produced during installation

•

Document the work done
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UNIT 3.1: Introduction to Solar and LED Technician
Unit Objectives
At the end of this unit, you will be able to:
•
•
•

Identify the skills required by solar and LED technician
Define roles and responsibilities of solar and LED technician
Describe the workflow of solar and LED technician

3.1.1 Introduction to Solar and LED Technician
Solar and LED technician, is responsible for installing solar panels and connecting LEDs to it.
Essential skills required by a solar and LED technician are:
They should be able to work in a standing position for long hours

They should have physical strength to deal with the weight of a solar
panel
They ahould be compatible to work in an outdoor setting at various
locations like fields, roof tops, both urban and rural

Fig. 3.1.1: Skills required by a solar and LED technician
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The following image shows solar and LED technician, installing a solar panel.

Fig. 3.1.2: Solar and LED technician

Roles and Responsibility
The following figure lists role of a solar and LED technician:
Installation of various types of solar home based LED lighting, outdoor and street
lighting
Identify faults in a solar panel PV system
Carry out repair at preliminary level in line with given performance
parameter
Carry out routine maintenance of LED lighting system

State methods of accident prevention in the work environment of job role

Fig. 3.1.3: Role of a solar and LED technician
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Apart from the key technical responsibilities of repair and maintenance, the solar and LED
technician also needs to:
• Work safely
• Prepare the work area
• Prepare structures for panel installation
• Fix PV panels onto a roof structure
• Fix PV panels onto a non-roof structure
• Connect panels to the LED lighting
• Fix solar LED lightings
• Dispose toxic and non-toxic waste materials as per relevant environmental safety policies

Work Flow
The basic workflow of a solar and LED technician includes new installation of solar panel and
LED and also their maintenance and repair activities. The following figure shows the
workflow of solar LED technician for new installation:

Prepare the work area

Prepare structures for
panels installation

Fix PV panels

Connect PV Panels
using appropriate
connecting methods

Fix the solar LED lights
as per the specification

Connect the PV Panel
with the LED light

Fig. 3.1.4: Workflow of solar and LED technician for new installation
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The following figure shows the workflow of solar and LED technician for new Maintenance
and Repair:

Perform routine maintenance
and repair

Identify and repair faults

Document the completed
work

Fig. 3.1.5: Workflow of solar LED technician for repair
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Activity
Write the steps that a solar LED technician should follow as per the workflow for installation
of a solar LED set up.

_________________

_________________

_________________

_________________

_________________

_________________
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UNIT 3.2: Pre-installation Activities
Unit Objectives
At the end of this unit, you will be able to:
•
•

Prepare the work area
Prepare structures for panels installation

3.2.1 Prepare the Work Area
There are many pre-installation activities that needs to be done by the solar LED technician.
A few of them are:
Site analysis and selection
Availability of land and foundation needs
Clear south facing without any obstruction
Availability of grid
Checking the measurements and estimations of the work area are taken accurately in
accordance with the diagram layout
• Inspection of building structures for foundation
• Inspection of site for positioning PV modules and harness optimum energy collection
• Inspection and testing of electrical wirings or connections
• Testing building materials for capacity to support PV modules; etc.
• Selection of tools, equipment, testing devices and materials/items necessary to conduct the
work
• Ensuring that the work area is clean and tidy
Selection of site

•
•
•
•
•

Site selection is an initial segment of urban and architectural process of designing, purely
dedicated to selection of site for work on the basis of the study of historical, geographical,
legal, climatic and infrastructural background of a particular site. Before installing a solar
energy system, site analysis must be carried out for site selection to evaluate the feasibility
and efficiency of the system.
PV arrays are attached on the rooftops, ground or other structures providing adequate solar
access along with protection and support. The conditions on site and its results typically
dictate an appropriate approach to use and indicate a location for mounting a system.
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The following figure lists the key tasks involved in site analysis for site selection:
Assessing the prerequisites for solar panel installation
Evaluating the location of installation
Assessing the customer's requirement
Analysing the available mounting structures
Fig. 3.2.1: Key tasks involved in analysis for site selection

The tools required for site analysis are:
• Tape measure of 50-100 ft.
• Solar Pathfinder that will help in evaluating the solar energy potential of a site)
• Maps for calculating the latitude and magnetic declination of the location
• Digital camera to capture the location for future use.
Preliminary Checks
Before starting the installation of solar panels and LEDs, it must be ensured that the
preliminary checks for the installations should be done. These preliminary checks may
include:
• Tools and equipment needed for the installation
• Cables to be used in the installation
• Structure materials needed for mounting
• Adequate number of proper PV system components
• Construction of the site where solar panels will be mounted.
Carrying out soil investigation
Ground-mounted PV arrays are fixed from beneath the ground surface to provide stability to
the rack structure. Soil investigation helps to understand the soil composition and matches a
ground-mount foundation to an individual solar project to get the exact fit.
Tools and Equipment
For a solar panel and LED installation, there are certain tools required for installation. The
solar LED technician must have the knowledge of different tools needed for analyzing site
condition, mounting, installing solar panel and connecting panel with LED lighting. To mount
solar panels, the panel installer need to gather the required equipment and consumables.
Some other materials, such as a blanket and cardboard, are also required to keep the PV
modules from being live during the installation process. Some tools are required especially
for installing and maintaining the battery system.
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They are listed in the following figure:
Small flashlight
•Used to view the electrolyte level
Baking soda
used as a neutralizer for any acid spill
Funnel
used to fill electrolyte in the battery
Distilled water
used as electrolyte for the battery
Fig. 3.2.2: Tools required for installing and maintaining the battery system

To prepare the location for installing solar panel, some electrical and mechanical tools and
equipment are needed.
The following table lists the tools and equipment required for solar panel installation:
Tool and
equipment

Description

Angle finder

Used to find degree of bend
and precision angle

Torpedo level

Used to measure vertical,
horizontal and diagonal
planes

Fish tape

Used for routing wiring
through the walls and
electrical conduits
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Chalk line

Used to mark straight lines
on flat surfaces, where a
hand does not reach

Cordless drill

• Used to drive screws
into various substrates
without damaging them
• Are available in hammer
drill configuration with
a clutch
• Uses rechargeable
batteries

Drill bits

• Used to remove
material for creating
different kinds of holes
in different materials
• Are attached to a drill to
cut through the work
object by rotating it
• Available in various
shapes and sizes

Hole saw

• Is a saw blade of ring
shape
• Creates a hole in the
work object without
having to cut up the
core

Hole punch

• Creates holes in sheets
of paper which are used
in a binder or folder
• Used on sheet metal,
like aluminium siding or
metal air ducts

Wire strippers

• Used to strip the
insulation part from
electric wires
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Torque wrench

• Used where the screw
and bolt tightening is
important
• Applies a specific torque
to a fastener such as a
nut or bolt
• Acts usually as a socket
wrench that comes with
special internal
mechanisms

Nut driver

• Used to tighten the nuts
and bolts
• Consists of a socket
attached to a shaft and
cylindrical handle
• Sizes of 7/16”, ½”,
9/16” are used for PV
modules

Crimpers

Used to crimp, which is
binding two pieces of metal
by deforming one or both of
them such that they hold
each other

Needle-nose pliers

• Used to bend, reposition and snip wire
• Help in reaching areas
where fingers or any
other tool/instrument is
less likely to reach

Lineman's pliers

• Used to grip, twist,
bend and cut wire and
cable
• Have a gripping joint at
their snub nose and
cutting edge in their
craw
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Slip-joint pliers

Are pliers with adjustable
pivot point or fulcrum which
increases the size range of
their jaws

Wire cutter

Used for cutting wires. Both
small and large wire cutters
are needed for PV
installation

Multimeter

Used to measure resistance,
current and voltage

Hacksaw

Used for cutting metal as
well as plastic pipe and
plastic conduit

Tape measure

• A ruler made of ribbon
or cloth, fibre glass or
plastic or metal strip
• Consists of linearmeasurement markings
• Measures long length
and around curves or
corners
• Can be easily carried in
pocket or toolkit

Clamp meter

• Used to measure the
vector sum of the
currents, which
depends on their phase
relationship, flowing in
all the conductors
passing through the
probe
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Heavy duty
extension cords

• Flexible electrical power
cables, also known as
flex. They are attached
to a plug at one end and
one/multiple sockets at
the other end
• Used in case of high
voltage power supply
for heavy work
operations like power
supply of large drilling
machines on
construction sites

Caulking gun

• Holds a cartridge or
tube filled with glue
type material and is
used to seal gaps/cracks
• Has caulk made of
silicone or latex, and is
used to bind a wide
range of materials like
metal, glass, wood and
ceramic
• Used to seal joints or
seams in various
structures and piping

Fuse Pullers

Reciprocating
saw

Used to insert and remove
electrical fuses from
housing

• Used to cut objects with
push-and-pull
("reciprocating") motion
of the blade
• Contains a large blade
and a handle which
allows the saw to be
used comfortably on
vertical surfaces
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Conduit bender

Magnetic
wristband

Used in conjunction
with a long lever to
bend angles in conduit
where the electric wires
are placed
• It is a band worn on the
wrist that has magnetic
mechanism to hold the
tools on the wrist band
while you work.
• Can hold nails,
fasteners, drill bits,
small tools and
wrenches

C-clamps

Used to hold a wood or
metal work object by
turning the screw from
the bottom of a frame
until it reaches the
required state of
pressure or release

Stud finder

Used to locate framing
studs that are typically
behind the final walling
surface (usually drywall)

Pry bar

Consists of a metal bar with
a single curved end and
flattened points, usually
with a small fissure on one
or both ends for removing
nails
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Refractometer

Used for the battery system
to measure refraction of
light through the liquid. The
index of refraction is
calculated from the material
composition.

Hydrometer

Used to measure the gravity
of a battery’s electrolyte

Voltmeter

Used to measure potential
difference between two
points in the electric circuit

3.2.2 Prepare Structures for Panels Installation
Module mounting structures play a very important role in efficient working of a solar power
plant. Installing a solar panel system can be a pleasurable and gratifying task if it is done by
an efficient installer who has all the facts in hand and is fully prepared. Just like any other
construction project, the outcome and performance of a solar PV panel installation is
dependent on good planning.
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In addition, following points must be considered while preparing the structures for the
panels as shown in the following figure:

Building Regulations and
Structures

Planning Permission

Connecting to the National
Grid

Mains Electricity Suppliers

Energy Performance
Certificates

Fig. 3.2.3: Aim of mounting structures

Solar module mounting structures are made up of galvanized iron frames and angles. This
structure:
• Should be designed to provide flexibility to alter the module-mounting angle seasonally.
•

Requires a small civil grouting to mount the modules consequently.

•

Requires earthing at several places, mainly where the voltage is greater than 50V.

PV mounting systems are also known as solar module racking. These are utilized to get the
solar panels attached to locations such as surfaces of roofs, exterior of buildings or the
ground. Solar panels can be retrofitted on roofs or as a portion of a building (known as BIPV)
with the help of these mounting structures.
Following are the steps for preparation of mounting structure:
•

Place the rails over footings

•

Place the purlin over rails/rafters

•

Fix the purlin over rafter using screw

•

Fix the clamps used for holding PV module

•

Fix the purlin with clamp to make elevation from roof

•

Now fix the structure is ready for holding the PV module

Fig. 3.3.4: Mounting structure
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The importance of mounting structures is listed in the following figure:
To avoid local wind forces

To hold the PV modules securely in place

To prevent stealing of the modules when placed in a public area

To ensure that the modules are not shaded

To enable easy access for maintenance/repair of modules

Fig. 3.3.5: Aim of mounting structures

Special mounting structures that can serve as PV modules as well as building elements are
developed for integration in buildings. PV modules on the roofs of houses, in the facades of
buildings, warning signage, outdoor lighting and telephone box’s roof are some common
examples. The structural cost must be low. In most PV applications, the configuration is less
profitable due to extra cost borne for placement of PV modules on sun tracking system.
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Activity
Write down the key tasks involved in the analysis of site selection while installing a solar LED
set up.
____________________________________________________
____________________________________________________
____________________________________________________
____________________________________________________
Identify the tools/equipment and write their names and uses in the given columns:
Tool/Equipment

Tool name
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UNIT 3.3: Fix PV Panels
Unit Objectives
At the end of this unit, you will be able to:
•

Explain different types of PV panel structure and their advantages

3.3.1 Roof Structure
Solar rooftop structures are most suitable for building areas where maximum utilization of
space is required or in regions where there is lack of space. Solar rooftop systems are an
economical option for residential and industrial areas which have spacious roof areas and
also have immense energy requirement. Solar rooftop is an ideal solution for many
industries which have solar obligations.

Fig. 3.3.1: An example of roof structure

Considerations for roof top solar panel installation
When installing solar panels on roof tops there are structural considerations to be
investigated and analysed. Solar panels can be placed on new or existing buildings. Solar
panels can easily and inexpensively be incorporated at the time of design for new or future
construction. The structural system can be designed to accommodate the additional loading
from the system self-weight (dead load), snow build-up, and wind uplift. Existing buildings
must be investigated due to the additional loading caused by the solar panels. Since many
agencies regulating the building codes have modified the base snow load, it must be
validated in addition to considering the weight of the solar panels. All future loading must
be considered and all structural elements must be analysed from the roof deck to the
foundation.
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Building materials used in roof structures
A few building materials required for fixing the roof structure are:

RCC

Wood

Corrugated
sheet

Thatched

Tin

Fig. 3.3.2: Building material

Advantages of Roof Structure
Some advantages of roof structure are listed below:
• They are very popular for installing solar PV arrays.
• They offer less physical protection and limited access to the PV array for safety.
• They generally provide better sun exposure.
• They do not occupy space on the ground. Hence the ground may be needed for other
purposes.
• They must be secured structurally and any attachment and penetration must be weather
sealed properly.
• They should not be blocked from sun by any shades.

3.3.2 Non-Roof Structure
The non-roof structure includes:
•
•

Ground mounted structures
Shade structures

Ground mounted structures
Ground-mounted structures are generally huge, utility-scale photovoltaic power stations.
The solar modules in the PV array are held together in position by the use of racks or
frames. These racks or frames are secured to mounting supports that are fixed to the
ground.
Ground-based mounting structures can be of two types:
• Pole mounts
• Ballasted footing mounts
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Pole mounts
Pole mounts are fixed straight into the ground or anchored in concrete. Some features of
pole mount structures are:
1. They are generally used with manufactured racks that are mounted on the top or
attached to the side of a steel pole.
2. They are popular for off-grid residential photovoltaic systems because seasonal
adjustments can be easily done since the weight of the PV array is balanced over the
pole
3. They are very common in small applications having one or two modules where the
entire system mounted on a single pole.
4. They offer better cooling for the panels as compared to roof mounting.

Fig. 3.3.3: Pole mounting structures

Ballasted footing mounts
Ballasted footing structures have the base made of concrete or steel. They anchor the solar
module system in place by applying weight and do not need ground penetration. In regions
like capped landfills, where excavation cannot be done, ballasted footing structures are the
most suitable option. The deactivation or relocation of solar module systems becomes easy
and convenient when these structures are used to secure them. Some features of ballasted
footing structures are:
1. They are used in flat roof commercial projects.
2. They are dependent on the weight of the array, racking system and material such as
concrete paver to fix the array to the roof or ground.
3. They do not require penetration to roof or ground.

Fig. 3.3.4: Ballasted footing mount structure
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Shade structures

Solar panels can replace patio covers as shade structures. The cost of such shade structures
is different from that of normal patio covers, particularly if the shade is totally provided by
them. Since the weight of a normal PV array is in the range of 3 to 5 pounds/ft2, the support
structure for these shade providing systems can be same as that of the patio covers.
However, these support structures might need extra strength if the panels are mounted at a
steeper angle than the angle at which patio covers are usually fixed.
A few points that need to be heeded are:
• Approach to the array should be simple for maintenance purposes.
• The wiring involved in the installation could be hidden for aesthetic reason.
• Vines must not be grown near the structure as they may obstruct the wiring.
For example, carports can have solar panels and cover as many parking spots as the project
requires. These carports could have the provision of electric vehicle charging stations as an
added benefit to the cars parked there
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Activity
Identify and write the types of building material required for fixing a roof structure.

_________

_________

_________

_________

_________

Write some advantages of roof structure in a solar LED set up.
1. __________________________________________________________________.
2. __________________________________________________________________.
3. __________________________________________________________________.
4. __________________________________________________________________.
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UNIT 3.4: Connect PV Panels
Unit Objectives
At the end of this unit, you will be able to:
•
•

Connect PV panels in parallel and series
Fix the LED lighting system

3.4.1 Connect the Panels
When connecting multiple solar panels in off-grid system, there are few options:
• Parallel,
• Series
The basics of these connections, which are used in solar panel wiring, need to be
understood.
Parallel Connection
Current can flow along various paths in circuits connected in parallel. If a part along a path is
damaged, the current flow will stop along that path but will continue along other paths.
Most of the electrical wiring of households has this kind of circuit. An example of this case is
that when the TV is switched off the lights continue to work.
In parallel connection of solar panels, the total output current of the panels is the sum of
the current of individual panels but the voltage remains constant.
For example, if there are 4 solar panels connected in parallel and each panel has the rate of
12 volts and 5 amps, the complete array would be rated as 12 volts and 20 amps.

Series Connection

Fig. 3.4.1: Parallel connection of solar panels

Current can flow along just a single path in circuits connected in series. It is a loop which is
closed and continuous. Thus, the entire current has to travel across each of the loads in the
circuit. If a series circuit is broken at any juncture, the whole of the circuit stops working.
For example, in a string of Christmas lights, if one bulb gets damaged, the entire string
ceases to operate.
In series connection of solar panels, the total output voltage of the panels is the sum of the
voltage of individual panels but the current remains constant.
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For example, if there are 4 solar panels connected in series and each panel has the rate of
12 volts and 5 amps, the complete array would be rated as 48 volts and 5 amps.

Fig. 3.4.2: Parallel connection of solar panels

3.4.2 Fix the Lighting
Once the solar panels are connected, the LED lights are fixed and connection between the
panel and LED is made. The following figure shows the steps to connect the Home LED light
to solar panel:

Solar panel converts sun's energy into
DC current

This DC current is stored in the
batteries

The inverter converts the DC current
to AC current

LED uses this AC current

Fig. 3.4.3: Steps of working of LED lights with solar panel

Solar LED home lighting system

The following list of steps explains the connection of LED lights to the solar panel:
•

Calculate the total load as per the LED lights installed

•

Connect the battery banks to the PV cell for storage of current

•

Connect the batteries to the inverter for converting the stored DC current to Ac current

•

Wire the LED lights as per the requirement

•

Now, connect the LED wires to the inverter
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Fig. 3.4.4: Solar LED Home connection

Solar LED Street light

The street lights operate on the principle of solar cells and are powered by them. The solar
cells on a panel absorb solar energy during the day and change it into electrical energy. The
transformed energy is accumulated in a battery and is used to power the street lights at
night.

Fig. 3.4.5: Solar Street light
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Activity
Identify and write the names of the types of solar panel connections shown in the images
given below:

Write down the steps involved in connecting LED lights with solar panels.
1.
2.
3.
4.
5.

__________________________________________________________________.
__________________________________________________________________.
__________________________________________________________________.
__________________________________________________________________.
__________________________________________________________________.
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UNIT 3.5: Post installation activities
Unit Objectives
At the end of this unit, you will be able to:
• Perform post installation activities
• Segregate different types of waste produced during installation
• Document the work done

3.5.1 Handover the Completed Work to the Customer
After fixing the LED light and connecting them with solar panel the solar and LED technician
needs to hand over the modules to the customer. The following figure lists the activities
that should be done before handing over the completed work to the customer:
Test the working of all the modules

Check working of all the connections

Interconnections and cables/conduits are mechanically secure

Check the working of the LED lights

Check the system output to ensure the system is working to its full capacity,
and output is in line with the specifications
Fig. 3.5.1: Post installation activities

The technician should also ask the customer to check the working of the installed solar LED
system by themselves and handover the related document such as warranty, working
manual, maintenance guide and so on. He/she should also inform the customer about the
basic maintenance.
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The following figure lists some basic maintenance activities that should be done to ensure
proper working of the system.

Keep the battery
clean

•If the top of the battery is dirty, corrosion will soon be a
problem and electricity will begin to leak from the
battery connections through the dirt.
•To clean the battery, use only fresh water and a rag.

Keep the battery
cells full of
electrolyte

•The battery cells should be checked at least once a
month and special, high-purity water added if the liquid
is below the correct level.
•If water has to be added often to one or two cells but
not the rest of the cells, the battery is failing and it will
have to be replaced soon.

Keep the inverter
clean

•Clean the inverter in order to minimise the possibility of
dust entering the equipment.

Check any general
faults

•General poor performance or system isn’t performing as
expected.
•Damaged Modules

Fig. 3.5.2: Basic maintenance guidelines

3.5.2 Dispose Toxic and Non-Toxic Waste Material
Utilizing sunlight as a source of energy is an effective method of energy conservation.
However, the use of solar panels gives rise to waste material such as arsenic, silver,
cadmium and lead. These heavy metals can be considered as hazardous wastes at certain
levels. Many of the electronic components of the solar panels, such as the drivers, the
inverters and the PCBs, have constituents which are hazardous. Some of these harmful
constituents are lead, cadmium and chromium
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.
Solar panel, batteries or LED lights which gets damaged during installation process are
considered as waste. The following table lists different type of toxic and non-toxic waste
material formed during installation:
Waste Material
Silver
Lead
Arsenic
Cadmium
Circuit boards
Glass
Aluminium
Copper wires

Source

Type

Solar Panel

Toxic

Solar Batteries

Toxic

Solar Batteries

Toxic

Solar Panel

Toxic

Inverter, Controller, Solar panel

Non-toxic

Solar panel, LED lights

Non- toxic

Solar Panel

Non- toxic

Solar panel, Inverters

Non- toxic

There are certain laws and regulations to deal with hazardous waste material. The harmful
toxic waste of the solar panels should be managed according to these laws. Prior to
conducting any treatment of these wastes, an authorization must be sought from the
concerned department. The non-toxic waste from the solar panels can be dismantled and
prepared for reuse at landfills and recycling centres. Examples of this type of wastes include
copper wire, glass and aluminium frame.
Cadmium is used in solar panel is quite toxic. While encapsulated in a solar panel, it is safe,
but if the panel is damaged, there is a significant risk of leaching into the ground or
migrating to ground water or rain runoff. Since the panels are not considered hazardous by
themselves, there are no restrictions on disposal however the cadmium photovoltaic
modules are also recycled. Silicon-based solar panels contain lead, which has the same
issues, but they are not quite as dangerous as cadmium. The following image shows
scrapped solar panels:

Fig. 3.5.3: Scrapped solar panel
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Solar batteries have a short lifetime and need to be disposed in a proper way. Both, disposal
of solar batteries and recycling of solar panels are vital aspects to consider in solar panel
installation.
After a solar battery becomes dead, it should be detached from the system and disposed in
an appropriate way. It should not be joined to a new battery, as this would give rise to
problems. The dead batteries should be placed in separate plastic containers for disposal.
They must not be kept together in the same container as they might leak or explode due to
leftover power in them. The following image shows battery waste:

Fig. 3.5.4: Battery waste

There are various methods of disposing used solar batteries. Many waste management
systems have been set up by local governments to deal with this issue.
The non-toxic waste of PV modules such as glass and aluminium can be recycled and
reutilized in the manufacture of new PV modules or other products.
Depending upon the presence or absence of silicon in the PV modules, two different
methods are used to recover and reuse the solar panel material. If silicon is absent, the
thermal method is used for this purpose. The complete panel is taken apart by the process
of chemical baths. The mechanical method detaches the various parts, such as the
aluminium frame, the copper in the connections amidst the cells and the constituents of
solar cells like silicon and silver, through two stages. First, the module is separated from the
glass above. The glass is then crushed and resold. At this stage, the solar cells have to be
detached from the protective plastic cover. Thus, when the process ends, only silicon
powder, copper and plastic substances are left.
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The following image shows solar panel recycling process:

Fig. 3.5.5: Solar Panel recycling process

3.5.3 Documentation
After completing an installation at a site, the technician should complete the
documentation to record the details related to the installation. Along with completing the
documentation, the solar LED technician should tell the customer about some dos and
don’ts for efficient use of the system. The customer should also be told about the important
pages to refer from the product manual. The technician should first report to the supervisor
about the work completed before handing over the documents to the customer. The
following figure lists all the document that the Solar LED technician should provide to the
customer:
•Work completion form
•Customer hand over slip
•Customer feedback form
•Servicing date or period
•Warranty documents
•Invoice of the installation
•Product manual
Fig. 3.5.6: Document list

139

Participant Handbook

Activity
Write down the steps in the maintenance of the following items:
Keep the battery
clean

•___________________________________________
___

Keep the battery
cells full of
electrolyte

•___________________________________________
___

Keep the inverter
clean

•___________________________________________
___

Check general faults

•___________________________________________
___

Mention the names of documents that need to be completed by a solar LED technician after
completion of work.
1. __________________________________________________________________.
2. __________________________________________________________________.
3. __________________________________________________________________.
4. __________________________________________________________________.
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Practical
Perform the task of connecting of LED lights with solar modules as per the wiring diagram:

Equipment used:
•
•
•
•
•
•
•
•

Solar panel
Mounting structure
Lumia lights
Charge controller
Battery
Connecting wires
Screws and bolts
Tool kit
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Practical
Perform maintenance and cleaning of solar panels post installation.
Equipment used:
1. Solar panel
2. Cleaning liquid
3. Wiper and brush
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4. Repair Solar-based LED
Lighting system
Unit 4.1 – Routine maintenance and repair
Unit 4.2 – Post repair and maintenance activities
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Key Learning Outcomes
At the end of this module, you will be able to:
•
•
•
•
•

List pre-maintenance activities
Carry out routine maintenance work
Identify and repair the faults
List the post repair and maintenance activities
Explain the importance of documentation

•

Identify the customer handling policies
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UNIT 4.1: Routine Maintenance and Repair
Unit Objectives
At the end of this unit, you will be able to:
•
•
•

List pre-maintenance activities
Carry out routine maintenance work
Identify and repair the faults

4.1.1 Pre-Maintenance Activities
Solar and LED technician, is not only responsible for installing solar panels and connecting
LEDs to it but they are also responsible for the maintenance and repairing the panels and
LEDs. In addition, it is the responsibility of the technician to efficiently handle the customer.
The following figure lists some key factors that a solar and LED technician should keep in
mind while handling the customer:
Introduce self and organization correctly, and state the
purpose of visit
Plan a customer’s security coverage requirements in detail
as per needs communicated
Speak politely and respectfully with the customer at all
times
Provide accurate information at all times in accordance
with organizational quality standards and procedures
Fig. 4.1.1: Key factors for efficient customer handling

Primarily, the technician must listen to the customer, even if the viewpoint is the same – let
the customer vent it off. After the customer has finished, express feeling and apologize for
the inconvenience in a supportive way.
Provide immediate response to the problem detailed by the customer, if possible. At times,
it may mean bending the rules, but customer satisfaction is the key, and going out of the
way can just hit the nail on its head. For example, it’s better to assist and resolve the
problem of a customer who may be creating a scene in front of other customers.
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4.1.2 Routine Maintenance Work
For a person to work, it is important to understand the work requirements. As a solar and
LED technician, there are certain roles that come by default. Yet, the job requisite of a solar
and LED technician remains to install, maintain and service the solar panel and LED and look
after its upkeep from time to time.
In addition, it is the responsibility of the technician to obtain appropriate work order from
responsible authority and confirm the type of system fault from the job specifications given.
The other responsibility of a solar and LED technician with respect to his/her routine
maintenance work is to:
Identify and obtain resources and materials needed for the type of work in accordance
with organizational standards and procedures
Select and use tools, equipment and testing devices suitable to carry out the work as per
given job specification
Verify that the identified tools and equipment are in working condition and safe to handle
Ensure that circuits or machines are safely isolated as per regulatory requirements and
organizational procedures
Check that the identified work plan conforms to environmental, architectural, structural,
site and regulatory requirements
Confirm that the required type, quality and quantity of materials are available for use

Identify and access work site in accordance with organization’s approved procedures
Fig. 4.1.2: Routine maintenance/repair work of a solar and LED technician
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Carrying out routine maintenance work
Maintenance refers to fixing any sort of mechanical, plumbing or electrical work so that the
component or equipment or system does not go out of order or break.
Maintenance can be of many different types. The following figure lists two basic type of
maintenance:
Unscheduled Maintenance

Scheduled Maintenance

• Performed when there is a sudden
fault or damage to the system or its
components
• Involves repair or replacement of
components of the system

• Performed as a routine check up to
maintain the components of a system
so that the system and its
components are in proper working
condition
• Done periodically

Fig.4.1.3: Scheduled and unscheduled maintenance

Maintenance of PV system
The PV system and its components require less maintenance as compared to other power
systems, although a few periodic maintenance tasks should be performed on the PV system
components.
While performing maintenance for PV components it is must to refer to the component
specification sheet or the catalogue provided by the supplier, so that the technician is:
• Properly familiar with the component
Informed about the essential precautions to be taken while doing the maintenance of
the component.
The associated components of a PV system, such as batteries and charge controller, need to
be maintained:
• Once a fortnight the surface of the panels should be wiped clean with a wet rag to
remove dust, fallen leaves, bird dropping, etc.
• Only water is to be used and no other cleaning agent.
• With solar panel secondary battery maintenance becomes minimum. Still general
periodical maintenance of battery should be carried out in the usual manner and as per
the maintenance manual.
• The panels and inverter should be dust-free and moisture-proof.
• The integrated connection system should not have any loose wiring, connectors using
approved testing procedures.

•
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Maintenance of Solar LED Lightings, Outdoor and Street Lightings
In order to get the required luminous intensity (Em) of LED, its maintenance factor (MF) is
combined with the initial luminous intensity (Ei) and is calculated by the formula:
Em = Ei x MF
The four factors associated with the MF of LED are:
• Lamp Lumen Maintenance Factor (LLMF)
•

Lamp Survival Factor (LSF)

•

Luminaire's Maintenance Factor(LMF)

• Surface Maintenance Factor(SMF)
The formula which shows the relation of MF with these factors is as follows:
MF = LLMF x LSF x LMF x SMF
The technician should also keep in mind about his/her targets. The targets and short-term
goals set by the organization determine the targets for the personnel. The field technician
needs to understand the goals set by the superiors. The goals may be set with respect to
timespan as listed in the following figure:
Annualy
Monthly
Weekly
Daily

Fig.4.1.4: Goals set by superiors

In addition, the solar and LED technician should keep a check on the following activities:
•

Checking the state of charge

•

Equalising the charge

•

Module maintenance

•

Checking the weather conditions

•

Wiring and control

•

Inspecting wiring, fuses, indicator lamps and switches

•

Inspecting Lamps and Other Loads
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4.1.3 Identify and Repairing the Fault
The following figure lists the probable reasons of fault in a PV system:

Cloudy
weather
Bad
connection

Shading of
PV modules

Reasons of
faults in PV
system

Tripping of
circuit
breakers

Empty
batteries

Dust
settling on
PV modules

Blowing of
fuses

Fig. 4.1.5: Probable reasons of faults in the PV system

Basic troubleshooting starts with visual inspection of different components. A PV technician
should be able to:
• Check the PV array for partial shading or dirt.
•

Check all fuses and the circuit breaker.

•

Check the junction boxes, the distribution boxes and wiring for loose connections
and/or corrosion.

•

Check the PV modules and batteries for proper series-parallel configurations.

•

Check system wiring using multimeter for proper polarity and continuity.

•

Check the meters installed in the system for proper voltage and current readings.

The solar PV power source is a reliable source of electrical energy. However, there may be
rare instances when the solar PV power source is not able to drive the connected
equipment.

149

Participant Handbook

The diagnosis of the problem in such situations starts with the battery. A panel installer must:
•

Check the voltage of the battery bank.
o If the voltage of the battery bank is correct as indicated in the charge controller, the
problem may be due to:

Inverter is tripped

Switch/load MCB is
tripped

Load fuse is blown off

Fig. 4.1.6: Checking the battery to resolve the issue

o

If none of the above faults is observed then analyses the exact gravity of electrolyte
present in the battery’s secondary cells. There may be two cases that are listed in
the following figure:

Specific gravity is above the level as specified in the maintenance manual.

•Battery is in order and the problem would be either with the charge
controller or the load.
•Disconnect the load from charge controller and connect it directly to the
battery.
•If the equipment operates, the defect may be with the charge controller.
•Disconnect the charge controller and check as per troubleshooting
instructions given in the manual supplied with it.
•If the problem is not solved, inform the manufacturer/supplier.
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Specific gravity of the electrolyte is below the specified level and red LED is
glowing.
•Loads may be drawing more current from the battery than required.
•In such case, battery is bound to get discharged, even if SPV Panel is
functioning properly.
•This would result in frequent tripping of the load.
•To avoid this, get the load equipment checked and replace any defective
components.
•The SPV Panel may not be producing required power for which the Power
Source has been designed.
•Check for any loose connection/breakage of wire in SPV module
interconnections.
•If there is no such loose connection, clean the SPV Modules with soft cloth.
•Whenever there is bright sunshine, measure the voltage and current of each
module after disconnecting the wire.
•If any of the SPV modules gives low voltage/current output during bright
sunlight inform the manufacturer/Supplier with module serial number along
with the measurement taken, for necessary investigations.
•Failure of blocking diode
•If it is failed in short circuit mode, voltage across its terminal will be zero in
place of 0.7 V while charging current flows through it.
•When it fails in open circuit mode, the current will not flow through the
diode.
•The diode may be checked as per standard method of checking of diode by
removing from the circuit.
Fig. 4.1.7: Steps to diagnose the problem

Troubleshooting
A variety of problem solving and troubleshooting techniques are applied for repair of failed
systems, processes or products. It is a reasonable, methodical search for the cause of a
problem/issues for the purpose of a resolution and so that the module/process/system can
be made functional again. Proper working of the PV system would be possible if during the
initial phase of installation, a high quality and a proper designed system is installed, and, if
regular maintenance of the system and its components, is done.
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Troubleshooting faults in a PV System
The following table lists some fault symptoms in PV system along with their possible reasons:
Symptom

Probable cause
• Break of conductor

• Replace cable

• Corrosion of cable

• Check polarity
and connection of
wires

• Loose or improper
connection

• Defective connector
• Loose connection
No output

• Corrosion of
connector
• Improper fixing of the
connector

Output voltage okay,
but no output current

Action

• Ensure wires are
non-corrosive
• Replace the
connector
• Adjust the
connector
properly

• Damaged junction
box

• Send for servicing
to the factory

• Charge controller fails

• Replace the
charge controller

• Some internal
problem

• Send to factory
for exchange in
warranty period

• Internal damage of
cell

• Return to factory
within the
warranty period

• Interconnection
problem
• Shading of the SPV
module
• Dirt on panels

No charging indication
on the Charge controller

• Remove the
shades or change
the location of
the module and
ensure maximum
sunlight falls on
the module.
• Clear the particles
on the module

• Broken module
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• Electronic failure of
charge controller

• Replace

• Break of conductor

• Replace cable

• Corrosion of cable

• Verify the wire
connections are
tight, corrosion
free and of
correct polarity.

• Loose or improper
connection

• Shading of the SPV
module
• Dirt on panels
• Improper installation
Output voltage for less
duration

• Remove the
shades or change
the location of
the module and
ensure maximum
sunlight falls on
the module.
• Position the
module in a way
that it gets direct
sunlight for more
hours.
• Clear the particles
on the module

• Broken module

• Replace

• Electronic failure of
charge controller

• Replace

• Conductor has broken

• Replace cable

• Corrosion of cable

• Verify that the
wire connections
are tight,
corrosion free and
of correct
polarity.

• Loose or improper
connection

• Insufficiently charged
battery
• Acid leak from battery
• Low capacity
• Battery terminal
broken
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• Charge the
battery to full
charge condition
and check the
output duration.
• Replace battery
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No voltage across
blocking diode

• Diode failed in short
circuit mode

• Replace diode

Voltage high across
blocking diode

• Diode failed in open
circuit mode

• Replace diode

Troubleshooting faults in Inverter

The following table lists some fault symptoms in inverter along with their possible reasons:
Symptom

Probable cause

Action

Blank display of the
inverter.

•

AC and DC breakers of
the utility service
panel are turned off

•

Switch on the
breakers in the
same sequence
as mentioned in
the manual.

The display shows
Inverter Offline with AC
Voltage Fault.

•

Breakers of the utility
service panel are
turned off.
AC grid voltage is
missing or wrong.

•

Switch on the
breakers of the
utility panel.
Inspect the AC
connections at
the terminals of
the inverter.
Ensure that the
AC voltage
adheres to the
given range and
“Output”
beneath it is
present.

•

•

•
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The display shows
Inverter Offline but with
ample sunlight.

•

•
•

DC breakers, if
installed, are turned
off or
DC fuses, if installed,
are blown.
DC array voltage is
missing.

•

•

•

The display shows
Inverter Offline with DC
Voltage Fault but with
ample sunlight.

•

DC voltage is present
but wrong.

•

•

•
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Switch on any
one of the DC
breakers and
inspect any of
the DC fuses.
Inspect the DC
connections at
the positive and
negative DC
terminals of the
inverter.
Check for PV
arrays which are
wrongly wired.
Inspect the DC
connections at
the positive and
negative DC
terminals of the
inverter.
Check for
wrongly wired
PV arrays.
Ensure that the
voltage present
at the terminals
of the inverter
adheres to the
operating
voltage range.
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The display shows
Ground Fault and just
the red LED of the
inverter is lit up.

•

The PV array has a
ground fault
condition.

The PV system
should be inspected
by a trained
electrician and the
repair work should
be done. The steps
to be followed are:
•

•

•
•
•

For inverters connected
in a daisy-chained
network, the display on
each inverter’s LCD
shows a different
system value (the power
being generated by the
system).

•

•

Inverters can show
varying system values
if one of the inverters
has a different baud
rate setting as
compared to others.
The baud rate screen
of the inverter with
different setting
shows Tx and/or Rx
error
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•

•

After ensuring
that the GT
Inverter is not
producing
power, turn off
the DC breaker.
If a DC breaker is
not being used,
then remove the
connections of
the DC input.
Turn off the AC
breaker.
Repair the
ground fault.
Make
connections and
start the unit.
Inspect the baud
rate of each
inverter and
compare their
settings.
Replace the
inverters with
wrong baud rate.
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Troubleshooting Faults in Lamps/LED Lights
The following table lists some fault symptoms in lamps or LED lights along with their
possible reasons:
Symptom
Lamps or appliances don’t
work

Probable cause
•

•

For lamps, the cause
could be:
o Switch is in off
position
o Defective tube or
globe
o Faulty ballast
inverter
o Loose/incorrect
connection of
wires
o Short lifetime of
tubes
For appliances, the
cause could be:
o Switch is in off
position
o Loose/improper
connection of
wires
o Faulty socket
o Damaged
appliance
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Action
•

•

For lamps
o Turn on the
switch
o Substitute
with a new
lamp
o Replace the
inverter
o Amend the
connections
o Inspect the
system
voltage
For appliances:
o Turn on the
switch
o Replace the
socket
o Repair or
replace the
appliance
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•
•

•

Solar charge is absent
Solar charge indicator
fails to show light at
daytime.
There is no flow of
current from the
wires to the module

•

•

•
•

Short circuit in the
wires connecting to
the
module
Loose connection
along wires
between the battery
and the terminal
A blown fuse
Damage or
accumulation of dust
in the module

•

•
•

•

•

•
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Detect and
repair the short
circuits
Amend loose
connections
Replace the
blown fuse
section above
Clean the
module using
water
and a soft cloth
Ensure that the
PV module is
facing
southwards and
the angle
of inclination is
equal to the
latitude
Ensure that the
module is in an
area which is
shadow free

Solar & LED Technician

Activity
List the probable reason for a fault in a PV system.
1.
2.
3.
4.
5.
6.
7.

______________.
______________.
______________.
______________.
______________.
______________.
______________.

List down the actions that need to be taken for the probable faults in a solar LED.
Symptom
No output

Probable cause

Action

• Break of conductor

• ___________________

• Corrosion of cable

• ___________________

• Loose or improper
connection

• ___________________

• Defective connector

• ___________________

• Loose connection

• ___________________

• Corrosion of
connector
• Improper fixing of the
connector
• Damaged junction box

• ___________________

• Charge controller fails

• ___________________

• Some internal
problem

• ___________________
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UNIT 4.2: Post Repair and Maintenance Activities
Unit Objectives
At the end of this unit, you will be able to:
•

List the post repair and maintenance activities

•

Explain the importance of documentation

•

Identify the customer handling policies

4.2.1 Post Repair and Maintenance Activities
The solar and LED technician must be aware of the timelines of work. He/she not only does
the scheduled tasks, that is to install and maintain the PV and lightning system, but also
does the following tasks to complete the work:
•
•
•
•
•
•
•
•

Clean the work area after completing the maintenance and repair activity.
Fill in the job completion form and get the signature of the customer.
Inform the customer about maintenance of the solar panels and the procedure for their
cleaning.
Follow company standards in documentation of the performed maintenance and repair
activities
Handover the completed work to the customer and demonstrate the operation of the
system as per standard quality requirements
Dispose the toxic and non-toxic waste materials as per environmental safety guidelines
and regulatory requirements
Remove all the used tools and consumables from the work area and return
them to the designated storage.
Ensure that customer’s queries, concerns and requests are addressed efficiently and
accurately in line with relevant organizational customer service practices

4.2.2 Organization’s Policies and Procedures
Working effectively in an organization requires awareness of the work policies and the
standard work processes. The following figure lists the general work policies and procedures
in an organization:
•

Customer Care Policies: The customer care centre is designed to meet the
requirements, needs and expectations of the users. It is done by providing timely
resolutions to queries and complaints. The goal is to minimize downtime and improve
the learner’s overall experience. The team comprises of experienced software
personnel. They help a user by answering questions and guiding them about using the

tools. They are solely committed to collaborating and communicating with the users.
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The following figure lists the role of a help desk:

Role of Technical Helpdesk

Easy access
Fast Response time
Quick resolution
Timely follow-up
Communication with user
Collaboration with users and feedback
Fig. 4.2.1: Role of a technical helpdesk

•

Code of Conduct Policies: In organizations, the code of conduct means the core values,
ethics, responsibilities, commitments and virtues that every employee of that
organization needs to comply with. It lays down the general guidelines that the
organizations expect from its people in specific situations. Thus, it is necessary to follow
a proper code of conduct in terms of behaviour and work output delivered.

•

Organisational Culture: Organizational culture refers to the values, beliefs and norms
shared within an organization and the demands of a job role. A solar and LED
technician’s job is a customer facing role, representing the face of the organization.
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The following figure represents the characteristics of organizational culture which every
employee should reflect:

Be polite to the
customer

Show integrity,
trustworthiness and
good inetrpersonal
skills

Be on time for the
service

Deliver the service
as per defined
quality

Be well groomed
and look
professional

Fig 4.2.2: Characteristics of organizational culture

•

Company's Policies and Rules: If the policies and rules of the company are not defined
properly, then the employees may not comply with the disciplinary standards
wholeheartedly. The following figures are a few examples of company policies:
Conduct of an Employee
Equal rights of employees
Attendance/Time off
Product’s warranty and other terms and conditions
Line of business and product portfolio and competitors
Fig. 4.2.3: Common company policies

•

Reporting Structure: There are set rules and regulations within an organization which
an employee needs to follow. These outline responsibilities of both the employers and
the employees.
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The following figure explains what working in an organization requires a field technician
to ensure:
Follow the company's policies and rules
Follow the reporting hierarchy
Follow role as defined in the workflow
Follow the documentation process
Follow the sales and after sales support policy
Fig.4.2.4: Reporting and documentation process

4.2.3 Documentation
Right documentation can make a lot of the difference in getting quick resolutions. To
achieve this, certain steps need to be taken as shown in the following figure:
Document every complaint

Document common problems

Document ticket escalation process

Make documentation an on-going process
Fig. 4.2.5: Steps for right documentation

Document Every Complaint
The technicians need to document issues as they come in. In addition to recording the
symptoms described by the customers, they should probe for the right symptoms. For
example, if a customer says that his computer is running slow, the help desk needs to
differentiate whether the problem is caused by a virus or a malfunctioning hardware or an
unpatched system.
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The technician should know how to ask the right questions to try and resolve an issue within
the first call.
Document Common Problems
Majority of the issues can be reduced to a handful of common problems. If there is a good
documentation process that has resolution paths for all common problems, then the
technician does not have to reinvent the wheel for every ticket. He can use the internal
help desk knowledge base and time tested processes to resolve the issues quickly.
A well organised process enables the technician to respond to a ticket quickly and resolve
most of the customers’ problems immediately.
Document Ticket Escalation Process
A good escalation process makes sure that when the technician is not able to resolve a
problem, he addresses ticket escalation promptly. The ticket gets send to the next level of
customer support and the customer does not have to wait for days for it to get resolved.
Documentation should be an on-going effort
Documentation is not a onetime effort; it needs to be an on-going process. The field
technicians should regularly optimize the issue resolution procedures and processes. This
ensures that the customer issues are resolved promptly.
The document prepared by the technician should contain the following information:
Poduct/ equipment and system details
Nature of fault
List of items/components replaced/removed
Product history
Warranty/guarantee of the product or replaced item
Customer information
Total cost involved
Fig. 4.2.6: Content of the document
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Activity
Write down the steps involved in post repair and maintenance activities of a solar LED
installation.
1. ______________________________________________________.
2. ______________________________________________________.
3. ______________________________________________________.
4. ______________________________________________________.
5. ______________________________________________________.
6. ______________________________________________________.
Write down the points a solar LED technician needs to keep in mind while reporting.
1. ______________________________________________________.
2. ______________________________________________________.
3. ______________________________________________________.
4. ______________________________________________________.
5. ______________________________________________________.
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Practical
Perform basic troubleshooting and visual inspection of a solar PV installation.
Equipment used:
1. Multimeter
2. Electric tester
3. Solar PV set up
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Practical
Perform post repair activities on site after completion of a solar LED installation or repair.
Equipment used:
1. Documents
2. Pen
3. Bag for collecting unused items or waste
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5. Health and Safety
Unit 5.1 – Hazards and Risks at Workplace
Unit 5.2 – Equipment Usage and Safety Guidelines
Unit 5.3 – Personal Protective Equipment (PPE)
Unit 5.4 – Fire Safety
Unit 5.5 – Emergencies, Rescue and First Aid Procedures
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Key Learning Outcomes
At the end of this module, you will be able to:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Identify risks and hazards
List the precautions related to health and safety hazards
Implement safe working standards
Identify the warning signs and labels
Describe handling of tools and their usage
Explain safe working practices
Implement good housekeeping practices
Explain company policies
Describe different types of protection needed
List the components of PPE
Identify the types of fire
Explain the precautions to be taken for avoiding fire hazards
Describe how to use fire extinguisher
Identify the methods of accident prevention
Demonstrate the first aid techniques
Execute emergency procedures
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UNIT 5.1: Hazards and Risks at Workplace
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•
•

Identify risks and hazards
Identify the causes of accidents
List the precautions related to health and safety hazards
Explain incident reporting procedures
Implement safe working standards
Identify the signs and labels

5.1.1 Hazards and Risks
A hazard is a source that can have an adverse health effect on any person. Risk is the chance
of being harmed or affected adversely when exposed to a hazard. The following image
shows an example of a hazard and a risk:

Fig. 5.1.1: Example of a hazard and a risk

5.1.2 Job-Site Hazards
A solar and LED technician must be aware of the potential sources of accidents so that he/she
can avoid them or ensure minimizing their impact at the workplace. The solar and LED
technician needs to:
•
•
•
•

Spot and report potential hazard timely.
Follow rules related to hazardous materials as per the company’s policy.
Inform the relevant person about any abnormal situation of any equipment.
Handle all equipment and tools with care.
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•

Avoid mishaps that may be a result of dangerous gases, chemicals or sharp tools; and
potential hazards that may be an outcome of probable injuries like minor burns or cuts.

The solar and LED technician is exposed to:
• Sulphuric acid and explosive gas while installing battery in the PV system
• Metals, Oxyfuel and gas cylinders
• Welding radiation while connecting wires
• High temperatures
The possible cause of accidents may be unsafe activities and conditions as listed in the
following figure:

Unsafe Acts

Unsafe Conditions

• Using equipment at inappropriate
speed.
•Utilizing equipment incorrectly
•Utilizing defective equipment
•Forgetting to wear PPE
•Using wrong working position
•Servicing moving equipment
•Avoiding safety devices
•Lacking in attention
•Not following instructions
•Not following safety precautions

•Insufficient guards
•Damaged tools or equipment
•Crowded work place
•Poor maintenance and housekeeping
•Excessive noise
•Poor lighting and ventilation
•Sickness and incapacity
• Untreated injury or contagious
illness

Fig. 5.1.2: Possible causes of accidents

The following figure lists some examples of accidents that a solar and LED technician may face:
Electric shock due to loose electric connection
Cut while handling sharp edged and heavy tools
Burns while handling highly heated components and acids
Fall from height

Safety Hazards

Fig. 5.1.3: Some examples of accidents

Death or any type of illness or injury caused due to unsafe conditions are categorized under
safety hazards.
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The following figure lists some instances of safety hazards:
Spillage on floor or a person tripping due to cords lying loose across the floor
Working at varied heights or on a roof with the help of ladders or
scaffolds
A person accidently touching any unguarded machinery or moving
parts of a machinery
Electrical hazards as a result of frayed cords, improper wiring or
missing ground pins
Restricted spaces
Hazards related to machinery (boiler safety, lockout/tagout or forklifts)

Fig. 5.1.4: Instances of safety hazards

Physical Hazards

An occupational hazard caused by environmental factors is termed as a physical hazard. It
includes hazards such as:
•

Radiation caused by radio waves, microwaves or EMFs

•

Sunlight/ultraviolet rays exposure

•

Extreme temperatures, be it hot or cold

•

Noise pollution

Ergonomic Hazards

Ergonomic hazards occur due to single/multiple factors within the working environment
that pose a threat to the musculoskeletal system of an individual. An uncomfortable
workstation leading to wrong sitting postures, repetitive movement of a body part causing
sprain or strain, muscle sores and so on are categorized under ergonomic hazards. The
following figure lists some instances that may cause ergonomic hazards:

Improperly
adjusted
workstations
and chairs

Frequent
lifting

Poor posture

Awkward or
repetitive
movements

Frequent use
of too much
force

Fig. 5.1.5: Instances that may cause ergonomic hazards
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Chemical Hazards

Exposure to chemicals at a workplace is the main cause of chemical hazards. Exposure to
chemicals can be due to working around items that involve chemical preparations in any
state solid, liquid or gas. Not all chemicals pose a threat, but there may be workers who are
sensitive to even the mildest or non-toxic forms of chemical that is termed healthy. A
person can be exposed to chemicals by inhalation of fumes, ingestion or poisoning.

5.1.3 Precautions Related to Health and Safety Hazards
A solar and LED technician needs to handle corrosive batteries, work with electrical wires
and work at high temperature and height. Hence, precautions need to be taken to ensure
safety.

Safety Regarding Battery Installation

A solar and LED technician needs to install the battery in a PV system and requires to maintain
it. The following figure lists the possible hazards and the precautions to be taken during
battery installation:
Sulphuric Acid

The battery contains sulphuric acid that could cause burns and other
injuries. Sulphuric acid flows out if a battery is damaged.

• For this purpose, appropriate precaution by the means of wearing apron, wearing gloves
and protective glasses should be taken.
• In case of contact with sulphuric acid, wash thoroughly with water and consult a doctor for
treatment.
Gas

There is a possibility of an explosive gas being generated in a battery.

• Combustibles flame or spark must be avoided in the battery room.
• A battery room must be equipped with a fire extinguisher.
• All the tools required during an installation must be wrapped using an insulated electrical
tape to reduce the scope of short circuit.
• Tools, sundries and other conductive things should not be left on the battery.

Electrical Shock

A system including multiple cells may create high voltage.
• During the installation of a battery, danger of electrical impact must be avoided.

Fig. 5.1.6: Ensuring safety during battery installation
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Site Safety

The solar and LED technician should make a site safety plan and abide by the guidelines
shown in the following figure to ensure jobsite safety:
Ensure that the workplace is not messy to avoid the possibility of tripping over.

Take necessary precautionary measure if the workplace is a sloped roof with clutter, as the
possibility of falling off the roof significantly increases.

Ensure that the tools are kept in their proper places to avoid any injuries.

Use sunscreen, stay
well-hydrated and wear light-colored clothes, on bright sunny days while working on a roof top.
The chances of sunburn and heat exhaustion increases in such a case.

Use gloves while handling anything that may be rough, too hot, sharp or that might splinter.
Special insulating gloves must be worn if working with live voltages.

Ensure proper carrying of tools or materials as dropping tools or materials on oneself, someone
else or on sensitive equipment or materials is hazardous. Dropping conductive tools across
battery terminals is a hazard.
Ensure proper procedure during installation to reduce or eliminate hazards. When a PV system
is being assembled, it presents the possibility of shock to personnel. Improperly installed
systems may result in shock or fire hazards after a period of time due to wiring or arcing faults.
Fig. 5.1.7: Ensuring site safety

While working at a height, he/she should take proper measures such as guardrails, safety
harness and fall arrestors to reduce the risk of a fall.

Mechanical Safety
During installation of a PV system, mechanical safety for the onsite working professional is
the key point to be considered. The working professional should carry mechanical safety
equipment while installing the PV modules on the rooftop. There may be a few minor
hazards which include burns or cuts from sharp tools.
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Electrical Safety
One of the most potential causes of an accident may be an electric shock for working
professionals on site. The precautions are of utmost importance when it comes to the job
role of a solar and LED technician.
To ensure electrical safety, the solar and LED technician needs to check the points as shown
in the following figure:
Adequate wiring
Appropriate electrical equipment used along with its correct label and capacity
Working and good condition of equipment
Listing of current breaks for the circuit breaker
Unexposed electrical parts
Overhead power-lines to be out of contact range from work area
Proper insulation of wires
Double insulated or grounded electrical systems and tools
No overloaded circuits
Removal of damaged power tools/equipment
Usage of appropriate PPE by employees
Usage of appropriate tools by employees
Labelled and correct usage of chemicals
Ladders not conducting electricity
Dry area without any standing water
Securely installed equipment
Equipment not exposed to possible overheating due to poor air circulation or
covering of the ventilation device
Fig. 5.1.8: Ensuring electric safety
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Some electrical safety points while installation and maintenance of a PV system are mentioned in
the following figure:

Handling PV modules
exposed to sunlight

• Read the warnings mentioned at the back side of the PV
modules for handling them.
• As PV modules produce electricity when they are exposed to
sunlight, precautions should be taken so that the person
carrying or handling the PV modules does not get a shock.
• Also, the positive and negative terminals of the PV modules
should be kept away from each other to avoid the shorting of
terminals when the PV module is under sunlight.

Handling batteries in
PV system

• Always remember to disconnect the batteries before moving
or handling them.
• Avoid shorting the terminals of batteries to avoid severe
damage.
• While checking the battery voltage with multimeter, always
check if the multimeter is in voltage mode. If the multimeter in
current mode is connected to the battery terminals, then the
short circuit to the battery terminals will take place. This can
result in severe damages and also cause fire.

Safe distance from
exposed electrical
conductors

• Knowledge of the location of an exposed electrical conductor
helps in keeping a safe distance from it, but at the same time,
knowing the potential in that conductor is also very important.

Undertake proper
work practice in wet
or damp locations
containing electricity

• Working area selection is a must for electrical safety which
involves checking the location for sufficient space, conducting
material around and also, if the place is wet or damp.

The proper
lockout/tag-out
procedures for
electrical equipment
and systems

• Lockout/tag-out procedure is always required for electrical
equipment and systems to ensure that only one person is
responsible for the operation of the equipment or system.

Cleaning, adjusting,
or repairing
equipment without
unplugging them
from mains

• Unplugging from live mains is essential before doing
maintenance work or handling live conductors or equipment
to ensure electrical safety, else it may lead to severe accidents.

Fig. 5.1.9: Some electrical safety points while doing installation and maintenance of a PV system

5.1.4 Informing Incidents to Relevant Authorities
Reporting any accident or hazard to the supervisor is very important. A panel installer
should know the reporting procedure.
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TIP
Incident reporting procedure is a procedure for reporting incidents. It is essential, so that all
near misses/accidents/dangerous occurrences/occupational diseases do not go unnoticed
and that preventive measures can be taken to prevent similar recurrences.

The following figure lists the types of incidents:
First aid

Dangerous occurrence

The provision of initial care for an illness or
injury and is usually performed by non-expert,
but trained personnel to a sick or injured
person until definitive medical treatment can
be accessed

Any occurrence that poses a threat to the
safety of people at a workplace and there is
imminent risk of death or serious injury to
someone
Hazard
A source/situation, potentially a harm in terms
of human injury or ill-health, damage to
property, damage to the environment or a
combination of these
Illness
Any physical or mental ailment, disorder, defect
or morbid condition, which can be of sudden or
gradual development and also includes the
aggravation, acceleration, exacerbation or
reoccurrence of any pre-existing disease

Hazard identification
The process of recognizing that a hazard exists
and defining its characteristics

Incident
Any unplanned event resulting in or having a
potential for injury, ill health, damage or other
loss

Lost time injury

Injury
Any physical or mental damage to the body
caused by exposure to a hazard

A work related injury which results in a person
being absent from work for at least one full
shift

Medical treatment injury

Near miss

A work related injury which results in treatment
provided by a qualified health professional

An incident that does not produce an injury or
disease but has the potential to do so

Risk

System failure

The likelihood and consequence of an injury or
harm occurring

Systematic processes that fail to manage the
task, activity, process or problem

Fig. 5.1.10: Types of incidents to be reported to a supervisor
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The following figure lists the incident reporting procedure:
An employee who
encounters a near miss or an
accident should report the
incident to his superior
immediately.

If the employee is injured,
the concerned superior
should ensure the injured is
rendered first aid and sent
to a clinic/ hospital for
treatment, if necessary.

If the employee is
amputated, his/her bleeding
should be controlled at
once. Then call for an
ambulance at Tel: 102.

The superior should
immediately inform human
resources department, then
conduct an investigation of
the accident by interviewing
injured and/or witness (es).

The department concerned
has to implement the
preventive measures
accordingly. Operation or
machine involved may need
to be suspended/stopped if
the situation warrants.

The accident statistics chart
should be updated till the
last accident occurrence.

Fig. 5.1.11: Incident reporting procedure

5.1.5 Comply with Safe Working Standards
As the installation of PV modules is risky, a solar and LED technician needs to comply with
the working standards and the processes to be safe. He/she needs to be aware of the
control measures to reduce risks and hazards at site.
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The following figure lists the control measures to be followed:
Name and location of the related authority responsible for workplace health
and safety must be made available all the time so that the person can be
contacted at the time of emergency.
Access and egress from the site must be controlled while installation or
repairing work is going on.

Safe working practices must be followed.

Fig. 5.1.12: Control measures

Safe Access and Egress from Site
Safe access to the site must be planned before the installation or repairing work is started.
The solar and LED technician should be aware of the possible risks and assess them. A safe
access to the site must be ensured so that the workers can carry out their work properly.
For this:
• The access to the site must be marked with signs so that the hazards related to the site
can be identified.
• Lifting zones and the location of the crane must be separated.
• Hazardous areas of existing building structures must be marked.
• Movement of site traffic around the roads or structures within the site must be
considered.
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The following figure lists the measures that must be considered to reduce hazards:
•Security to site perimeter must be considered.
Emergency access and exit to the site must be maintained.
•It must be ensured that phased construction maintains the access
routes
•Facilities for access to the installation and repair work positions must
be considered.
•Services isolation points must be identified and displayed.
• Construction sequences must be designed to facilitate access to
work positions
•Proper space must be ensured.
Fig. 5.1.13: Measures to be considered to reduce hazards

5.1.6 Follow Warning Signs
The solar and LED technician must be aware of various warning signs and needs to follow
them to ensure safety. The signs and labels may be visible:
•
•
•

On equipment and packages
Inside buildings
In open areas and public spaces
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The following images show the signs for wet floor and flammable item:

Fig. 5.1.14: Warning signs for wet floor and flammable item

On Equipment and Packages
The following figure depicts some common warning symbols along with their meanings:

A warning or a notice that is important.

The contents of the package are sensitive to water and should be protected.

The contents of the package are fragile.

The direction in which the box should be positioned. The line shows the
bottom and the arrows point upwards.

Packaging materials have been made from recyclable materials.

Warning that the material may produce electric shock.

Fig. 5.1.15: Common warning symbols on a package
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Inside Buildings
The following images show the warning signs visible inside a building:

No Smoking

Exit

Wet Floor

Fire Exit

No Entry
Fig. 5.1.16: Warning signs visible inside a building
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In Construction Site, Open Areas and Public Spaces
The following image shows the warning signs that can be found in construction site, open
areas and public places:

Fig. 5.1.17: Warning signs in construction site, open areas and public places
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Activity
Match the following:
1.

a.

The contents of the package are sensitive
to water and should be protected.

2.

b.

Packaging materials have been made from
recyclable materials.

3.

c.

The contents of the package are fragile

4.

d.

A warning for the potential of an electrical
shock.

5.

e.

A warning or a notice that is important.
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UNIT 5.2: Equipment Usage and Safety Guidelines
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•

Describe handling of tools and their usage
Explain safe working practices
Explain handling of heavy and hazardous materials
Implement good housekeeping practices
Explain company policies

5.2.1 Equipment Usage and Handling of Tools
The tools selected for a particular set of jobs should be specifically suitable for it. The tool
should have a proper handle grip so as to avoid slipping of the tool while working. They
should be used only for the purpose they are made for and not any other purpose.
They should be used under the safe working limits as per their design specification.
The tools should be carried in proper toolbox in a managed and organised way as shown in
the following image:

Fig. 5.2.1: A technician carrying a toolbox

The tools should be kept at a secure place to avoid any unauthorised access and accident
from the tools. Before working, check the work piece to prevent any damage to the tool to
be used on the work piece. While working at heights, the tools should be tied or put in a
safe place to avoid their slipping and dropping. The tools should be operated in a correct
position with proper strength for holding and operating the tool effectively.
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The following image shows a technician working at a height:

Fig. 5.2.2: A technician working at a height

While using tools, correct procedure should be followed as per the manufacturer’s
instruction to operate the tool. While using sharp edged tools, ensure that the direction of
movement of the tool should be away from the body. After completion of work, put the
tools in the appropriate place securely.

Maintenance and Housekeeping of Tools

As the tools are essential for a solar and LED technician, regular maintenance and check
needs to be done to maintain the tools in a good condition. Using or working with a
damaged, broken or not suitable tool is hazardous. To keep the tools in a good condition,
following steps should be ensured:
• Get the tools from the store as per the requirement and return the tools in a good
condition after completion of the work.
• A regular routine check of the tools should be done to examine the conditions of the
tools.
• Get the damaged and worn out tools fixed, else get the tools replaced.
• Before and after completion of the work, clean the tools properly.
• Edges of the sharp-edged tools should be maintained sharp.
• The tools should be kept in the store department in an ordered way in proper
toolboxes.
• Sharp tools should be kept with protective guard over the sharp edges.
• Broken tools should be discarded securely.
• Regular examination, repair and maintenance of the tools should be carried out only by
a competent person.
• Report about any issue related to damage or faulty tool/equipment to the store
supervisor or senior.
The solar and LED technician also needs to:
• Check for electrical systems and equipment utilizing insulated testing tools.
• Arrange for secure functioning of access control equipment according to the
specifications.
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•

Check for defects, scaffolds being used for set up and security, raised platforms and
ladders.

Types of Set Up and Faults
The site of installation and repairing may be set up on a firm or a level base. The solar and
LED technician may require to clip or lash himself or herself to work at a height. The
technician must maintain a correct posture while leaning at the required angle and should
not carry loads more that his/her capacity.
Different faults can occur due to
• Corrosion of metal and component over time
• Deterioration of equipment
• Missing or unfixed nuts and bolts
• Splits and cracks in the timber components of the fixtures
• Improper balance
The following image shows a technician working on a ladder:

Fig. 5.2.3: A technician working on a ladder

5.2.2 Carry Out Safe Working Practices
Safety procedures and measures are dependent on the type of work. There may be a need
for electrical safety, fire safety or mechanical safety for a panel installer.
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The following figure lists the general measures an employee should be aware of to ensure
safety:
Daily safety instructions

Before starting work

•Take safety measures to prevent accidents.
•Ensure zero accidents while at work.
•Avoid damaging components caused by
negligence in electrostatic discharge (ESD)
procedure.
•Ensure no loss for company due to safety
negligence.
•Ensure proper maintainance of machine
and work process for achieving quality
output as per the company standards.

•Plan and discuss requirement of work to be
done.
•Consider potential hazards and measures
to be taken.
•Confirm permission to isolate (use a permit
system if relevant).
•Isolate the electrical equipment or circuit.
•Place a "DANGER, DO NOT OPERATE" tag.
•Put up safety barriers when required.
•Use the correct earthing equipment.
•Cover and insulate a nearby live apparatus.
•Check test instruments and get
authorization to do the work.

When working

After completion of work

•Use safety observers when required.
•Always wear PPE.
•Never rely on memory.
•Connect the earth and neutral conductors
first.
•Check the isolation points before resuming
work after a break.
•Check and clean the tools that are used
regularly.
•Use non-conducting tape measures.

•Check if tools are left after work
completion.
•Remove own earthing equipment.
•Notify all personnel involved that the
equipment will be energized.
•Hand in the work permit (if relevant).
•Remove "DANGER, DO NOT OPERATE" tags.
•Switch off all machineries.
•Remove and store all PPE properly.

Fig. 5.2.4: General safety measures for an employee

Handling Heavy and Hazardous Materials
Handling of loads manually may cause cumulative disorders such as back pain,
musculoskeletal disorders due to continuous lifting/handling activities.
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The factors, shown in the following figure make manual handling of heavy and hazardous
materials difficult:
Too heavy

Factors that make loads' handling
diffucult

The load

Too large
Difficult to grasp
Too strenuous

The task

Involves difficult
postures
Less space

The workplace
Slippery/dirty floors
The individual

Improper handling
technique

Fig. 5.2.5: Factors affecting proper handling of loads

The following points should be taken into consideration to reduce the risks associated with
handling of heavy and hazardous loads:
•
•
•

Identify the hazard
Assess the risk
Select appropriate measures to control or reduce the risk

Common injuries that can be caused due to lifting heavy loads include back ache, neck
strain, wrist sprain, back sprain and shoulder pain. Similarly, some common injuries
associated with handling of hazardous material include skin dermatitis and occupational
respiratory and lung diseases. Therefore, it is mandatory to follow the standard safety
procedures while handling an equipment, hazardous material or a tool.
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The following figure lists some key points of handling hazardous materials correctly:
Use proper lifting aids.
Use appropriate personal safety equipment such as safety boots,
gloves, helmets, goggles and so on.
Work with a team when handling heavy loads.
Fig. 5.2.6: Handling hazardous materials

Good Housekeeping Practices
Good housekeeping is an observable proof of management and their concerns for health
and safety of the employees on a daily basis. A workplace well in order adds to the safe
working environment and minimizes obstacles that are a threat to health and safety. The
following figure lists the purpose of housekeeping:
Prevents fire and accidents
Gives control to employees
Increases production
Gives employees the freedom to move
Gives employees pride
Protects products and equipment
Reduces waste

Documents

Fig. 5.2.7: Purpose of housekeeping

The solar and LED technician should be aware of different documents to know the safety
instructions and procedures while working.
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The following figure lists some of the documents:
Fire notices that includes fire signs and symbols, fire evacuation strategies
Accident reports that mentions the accidents that may occur, number of
previous accidents and actions taken for them
Safety instructions for equipment and their proper handling procedures

Company policies and documents regarding health and safety

Government notices regarding health and safety guidelines

Company Policies

Fig. 5.2.8: Some documents

In every organization, safety is at the top priority. A solar and LED technician should know
about safety and health policies followed at the workplace.
A health and safety policy is a written declaration made by an employer. It states the
company’s commitment for safeguarding the health and safety of the workers and also is an
assurance to the public. It is a signed document made by the management related to the
health and safety of the employees. A workplace requires a health and safety policy for the
following reasons:
To show complete commitment towards the health and safety of employees
To prove to the employees that safety performance and work performance are in
harmony with each other
• To give a clear statement of the company’s objectives, principles, plans, ideas and
procedures
• To increase buy-in through all divisions of the company
• To provide a definite outline of the accountability of the organization for the health and
safety of the workers and also give a clear idea of the responsibility of the employer and
the employees.
• To abide by the Occupational Health and Safety Act
• To define practices and processes to be adhered at the workplace to avoid injuries and
diseases
In an organization, there are several policies followed by the employees. As a part of the
organization, a solar and LED technician must follow the safety policies.

•
•
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The following figure lists some of them:

Occupational
Health and
Safety (H and S)

Medical Policy

Medical Policy

Fig. 5.2.9: Some safety policies

A medical policy is defined as the actions, plans and decisions undertaken to achieve
healthcare goals within an organization.

H and S Policy
The following table lists some of the objectives and key measures of health and safety policy:
Priority Actions
Measures/Key Performance Indicators
Make workplace free from injuries and illnesses
• Number of incidents/accidents and
Improve workstation ergonomics
near misses
Reduce manual handling slips, trips
•
First aid incidents
and falls
• Number of days lost
• Provide EHS (Environment, Health and
Safety) training, safety audits and
participation
Improve Occupational Health and Safety Assessment Series (OHSAS) knowledge
throughout the organization
•
•

•
•

Provide EHS training, as per defined
needs, of at least 6 hours to each
employee
Improve OHSAS knowledge by
employee participation

•
•
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Activity
List 5 points that can help a technician keep his/her tools in a good working condition:
1. _______________________________________________________________________
2. _______________________________________________________________________
3. _______________________________________________________________________
4. _______________________________________________________________________
5. _______________________________________________________________________
6. _______________________________________________________________________
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UNIT 5.3: PPE
Unit Objectives
At the end of this unit, you will be able to:
•
•
•

Describe different types of protection needed
List the components of PPE
Explain how to avoid risk of electric shock

5.3.1 Use of Safety Gears and PPE
The following figure highlights different types of protections:

Skin
protection

•The most common type of occupational diseases are related to skin and
their treatment is expensive.
•Skin damage may be due to severe cuts, punctures, burns, abraisions or
extreme temperatures.
•Any form of PPE acting as a barrier between the skin and agent of exposure
is considered a skin protector.
•Gloves are an essential PPE for skin protection. For example: heat resistant
gloves, cut-resistant gloves and chainsaw gloves.

Eye
protection

•Example of eye injury is when solid particles such as wood chips, cement,
metal slivers or sand get into the eye.
•Smaller and larger particles in smoke, such as broken glass, also account for
particulate matter causing eye injuries.
•Goggles provide better protection than safety glasses and are effective in
preventing eye injury from a dusty environment, chemical splashes and
welding.

Hearing
protection

•Industrial noise is an occupational hazard, though it is not visible to the eye.
•About 82% of occupational hearing loss cases occurred to workers in the
manufacturing sector.
•Hearing protection must be used whenever an employee's noise exposure
exceeds an 8-hour time-weighted average (TWA) sound level of 90 dBA.
Noise levels above 115 dBA require control measures for any duration.
•PPE for hearing protection consists of earplugs and earmuffs.

Foot
protection

•It may be due to exposure of foot to heavy objects such as barrels or tools
that might roll onto or fall on employees' feet, sharp objects such as nails or
spikes that might pierce ordinary shoes and molten metal that might splash
on feet; it may be due to hot, wet or slippery surfaces.
•Safety shoes have impact-resistant toes and heat-resistant soles and may
be electrically conductive for use in explosive atmosphere or nonconductive
for protection from electrical hazards.
Fig. 5.3.1: Types of protection
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Personal Protective Equipment (PPE) is essential to avoid any electrical, heat or physical
hazard. A PPE product may not eliminate a particular hazard from occurring but it avoids an
employee from being exposed to it.
PPE are specially made to protect workers from:
• Injuries caused by impacts of electricity
•

Electrical hazards

•

Heat and chemicals

•

Other occupational safety hazards

The following figure lists the components of PPE:
Rubber gloves:
Flame proof
aprons:
Helmets/hard hats:
Ear
defenders/plugs:
Safety boots:
Knee pads:
Particle masks:
Glasses/goggles:

•To protect hands from hazardous and chemical
substances
•To protect body from any burn in case of fire
•To protect head from any falling components and in case
of a fall from a height
•To protect ears from loud noise created while working
•To protect feet from sharp edged material
•To protect knees from damage in case of a fall
•To prevent any gaseous substance from entering into
body through inhalation
•To protect eyes from outside particles and dust
Fig. 5.3.2: Components of PPE

PPE also includes:
•
•
•
•

Buttoned to neck, cuff-less (without folds) shirts
Trousers
Reinforced footwear
Cap and shoulder covers

Protective clothes refer to clothing designed specially to protect workers from potential
hazards. Lab coats and ballistic vests worn by electricians, scientists and law enforcement
officials respectively fall under this category. The different items of the PPE can either be
worn individually or in complete sets.
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The following image lists the PPE used at a workplace:

Fig. 5.3.3: PPE

PPE is the last measure of control when the exposure of a worker to the safety hazards
cannot be eliminated by feasible work practices or engineering control.
The following figure lists some responsibilities of an employer and the employees regarding
use of PPE:
Responsibilities of employer

Responsibilities of employee

• Assess hazards at the workplace
• Provide PPE
• Determine the use of the PPE
• Ensure protective helmet for
employees at all times to avoid head
injuries

• Use PPE as per the instructions
received in the training
• Inspect condition of PPE regularly
• Maintain PPE and keep it in a
clean/reliable condition

Fig. 5.3.4: Responsibilities regarding PPE
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5.3.2 Risks of Electric Shock
Electric shock is a common incident while working with electrical connections. A solar and
LED technician is exposed to the risk of an electric shock. He/she must ensure that positive
isolation of electrical system and equipment has been done according to the given
standards. The technician must use insulated testing instrument while testing the
equipment.
ESD protection is essential for sensitive components, during and after production, while
shipping, during assembly of the device and in the finished device. ESD can cause severe
damage to components such as microchips. Grounding is imperative for ESD prevention. An
ESD Simulator having special output circuit called human body model (HBM), is generally
utilized to test the vulnerability of electronic devices to ESD from human contact.
The protective gears shown in the following images should be used while handling
components that are prone to ESD:
Wire strap

Gloves

Safety Clothes

Fig. 5.3.5: Safety gears for prevention from ESD
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UNIT 5.4: Fire Safety
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•

Identify the types of fire
Explain the precautions to be taken for avoiding fire hazards
Execute fire drill
Describe how to use a fire extinguisher

5.4.1 Types of Fire
Fire class refers to the type of fire based on the kind of combustion materials. The
extinguishing of fire is dependent on the class of fire. The following image lists the types of
fire:

Fig 5.4.1: Types of fire

Class A
The sources of Class A fire are common flammable materials such as paper, plastic, wood,
fabric and so on.

Class B
The sources of Class B fire are flammable liquids with flash point lower than 100 °F, gases
such as gasoline, kerosene and oils and paints that contain petroleum.

Class C
The sources of Class C fire are flammable gases such as natural gas.

Class D
The sources of Class D fire are flammable metals.

Class E

The sources of Class E fire are overloaded electrical materials and short circuiting of
equipment. Class E fire can cause severe hazards such as electric shock to a person using
water, as electricity is carried through water.
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Class K
Flammable cooking oils and fat with larger flash point are sources of Class K fire.

5.4.2 Precautions for Fire Hazards
It is essential to ensure safety from fire whether a professional is working onsite or offsite.
To ensure fire safety, an assembly operator should participate in safety workshops or fire
drills organized by the organization. A solar and LED technician should perform the following
steps in case of a fire:
• In case of a fire, the glass of the nearest manual call point must be broken and people
must be alerted. Alternatively, emergency phone numbers must be dialled to give
information about the location of the fire or a fire bell must be used.
• An attempt must be made to extinguish the fire with the help of available firefighting
equipment.
• If familiar with the plant/machinery/equipment affected by fire, try to avoid spread of
fire or isolate it.
• Avoid using water to extinguish fire in case the source of fire is from electrical power.
Instead switch the mains off.
• Hose reel and hydrants must not be used at any other time except in case of a fire.
• "No Smoking” signboard must be put up and adhered to at all times.
• A fire drill is normally carried out every six months. It is important to educate and train
people to be ready for firefighting during a fire.

5.4.3 Fire Drill
A fire drill is a practice of the procedure of evacuating a building in case of an emergency.
The points shown in the following figure should be kept in focus while conducting a fire drill:
Fire evacuation strategy
Action on hearing the fire alarm
Calling the fire brigade
Identification of key escape routes
Appropriate use of the fire extinguisher
Correct use of the emergency evacuation plan
Fig. 5.4.2: Key points of a fire drill
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After completion of the drill, one should:
• Record the total evacuation time.
• Silence the alarms.
• Bring the fire alarm system back to its normal operating condition.
• Re-evaluate and discuss concerns arising during the fire drill.
• Keep records and notes of the fire drill and update the evacuation checklist report.

5.4.4 Using Fire Extinguisher
One of the most important safety equipment in electronic industry is the fire extinguisher
because fire is the most common, serious hazard that one faces in electrical/electronic
industry.
It can be immediately used to douse and contain a small fire till the fire engine arrives, and
consequently save lives and property. The following image represents a portable fire
extinguisher:

Fig. 5.4.3: A fire extinguisher

The steps given in the following image show the correct way of operating a fire extinguisher
in case of a fire emergency:
Identify the safety pin of the
fire extinguisher which is
generaly present in its
handle.

Break the seal and pull the
safety pin from the handle.

Use the fire extinguisher by
squeezing the lever.

Fig. 5.4.4: Procedure for using a fire extinguisher
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The following image shows fire extinguishers to be used for different classes of fire:

Fig. 5.4.5: Fire extinguishers to be used for different classes of fire
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Activity
Identify the classes of fire based on combustion materials.
1. Class A

a. Electrical Appliances

2. Class B

b. Flammable Gases

3. Class C

c. Flammable Liquids

4. Class D

d. Ordinary Combustibles

5. Class E

e. Combustible Metals

203

Participant Handbook

UNIT 5.5: Emergencies, Rescue and First Aid Procedures
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•

Identify the methods of accident prevention
List the control measures of risk
Demonstrate the first aid techniques
Execute emergency procedures

5.5.1 Safety while working
It is very important to be aware of the safety instructions, guidelines and equipment used in
Solar LED technician’s job role. A solar and LED technician is exposed to electrical hazards,
safety hazards and physical hazards. The technician should always follow instructions for
own as well as for colleague’s safety. The technician must be aware of the location of the
following safety equipment at the workplace:
•
•
•
•

Safety installations manuals
Fire extinguisher
Safety instruments and clothing
First aid equipment

5.5.2 Methods of Accident Prevention
Accidents are events that can cause high damage to men and material as well as the
environment. To prevent accidents, the activities that may cause an accident need to be
controlled. For this, a safe working environment must be created and maintained. The work,
in which exposure to hazards are more, must be governed and organized.
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For prevention of accidents certain key points as shown in the following figure must be
ensured:
Safe workplace with adequate lighting and ventilation
Safe and usable tools and equipment
Continued emphasis on safe methods of work
Trained employees
Effective planned maintenance of plant and equipment
Adequate supervision
Extra protection for the employees exposed to hazardous work
Enforcement of safety guidelines, policies and rules
Proper use of all necessary clothing
Regular reviews of all systems
Fig. 5.5.1: Key points to be ensured for accident prevention

The following figure shows the control measures of risk:
Organizational
Safety Measures
Technical Safety
Measures
Elimination Safety
Measures
Fig. 5.5.2: Control measures of risk

Elimination Safety Measures

Workplace hazards can be controlled by eliminating or substituting the potential causes with
less hazardous materials. For example, a toxic chemical can be replaced by a less harmful
one. But, it is not totally possible.

Technical Safety Measures

Risks can be combated by using engineering controls and prioritizing the protective
measures. These measures such as remote control, machine guard, use of ancillary
equipment and so on, may separate harmful factors from the workers by installing barriers
between them.
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Examples of these measures include, but are not limited to, automation. It may include:
•

Designing of safe and suitable systems for working

•

Using PPE on emergency

•

Providing training on safety

The following figure lists the types of training provided in an organization:
Specific safety training
General safety training
Skill training
Induction training
Workshops
Health sessions
Fig. 5.5.3: Training provided in an organization

Organizational Safety Measures
Risk can be minimized by using special methods for working or by dividing the time and
space of work among the workers. These measures include:
•

Reduced exposure time

•

Using PPE

•

Preventive maintenance programmes

Regular review of the systems is a must to ensure:
•

Systems are in workable condition

•

Plant modifications and substituted materials are needed

•

Compliance with current legislation is done

•

New work methods and advances in technology are incorporated into the system

•

Proper precautions for the hazards are taken

•

Awareness of safe systems and continuous involvement are ensured
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5.5.3 Demonstration of Rescue and First Aid Techniques
It is important to be aware of the first aid techniques to provide help in emergency to the coworkers. It may be required to move an injured person, provide first aid and perform rescue
operation to minimize loss.

Free a Person from Electrocution
The following figure lists the steps for freeing a person from electrocution:

Turn off the switch
from the mains or the
power source and
remove the plug.

Stand on a dry and
insulating material and
push the effected
person away from the
source of the shock.

Check for breathing:
•If breathing, offer
water
•If not breathing, call
for medical help

Fig. 5.5.4: Steps for freeing a person from electrocution

Basic Techniques of Bandaging
The following figure shows the steps for bandaging:
Clean the cut with soap, water and
antisceptic lotion.
Put a clean dressing on the cut.

Wrap the cloth strips several times,
around the wound

Tie the bandage but it must not be
so tight so as to affect the blood
circulation.
Check the blood circulation.
Fig. 5.5.5: Steps for bandaging a cut
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First Aid to Victims of Heart Attack
Heart attack or a cardiac arrest may be caused due to an electric shock. The technician may need to
provide first aid to the victim before emergency services arrive. He/she may need to perform the
process of Cardio Pulmonary Resuscitation (CPR) that involves compressing the heart manually to
pump blood and assisting in breathing to provide oxygen to the person.
Step 1: Check for a pulse on the wrist and the neck as shown in the following image:

Fig. 5.5.6: Checking pulse at neck

Step 2: Check for breathing and see if the person is conscious.
Step 3: Ask someone to call for medical help.

Step 4: Position the victim, making sure that the person’s face is upwards. If the person has an
injury on the head or the neck, aids must be provided without moving him.
Step 5: Apply pressure on the centre of the chest as shown in the following image:

Fig. 5.5.7: Pushing the chest
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5.5.4 Emergency Procedures
All industries have an emergency plan to manage situations of accidents that could happen
at a workplace. A technician should be aware of the plans and procedures that are to be
followed as defined by the organization. He/she must assemble at the correct assembly
point, attend the roll call and return to work after everything comes to normal.
Workshop training is required to make technicians capable of handling emergency
situations. The main focus of this training should be to make people familiar with the
emergency evacuation plan. An example of this type of training is the fire evacuation plan.
Emergency evacuation procedure is defined as the guidelines required to be followed at
workplace to escape from the building in a case of any emergency such as a fire, an
earthquake and so on.
The following image shows an evacuation procedure in case of a fire:

Fig. 5.5.8: An evacuation procedure

Regular training, practice and instruction are a pre-requisite for an efficient fire routine. The
drills should be carried out by using different escape routes, ignoring the normal evacuation
route. In case of any emergency such as a fire breakout or an earthquake, the following
should be done:
• Take necessary precautions
• Raise an alarm
• Prepare and implement an evacuation

Take Necessary Precautions
A solar and LED technician should ensure that work area is safe. There are certain
precautions which should be taken while working which includes:
• See if there is a risk of fire near the work area.
• Be alert and keep the work area clutter free so that, if a fire breaks out, it can be easily
noticed.
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•
•
•
•

Ensure that all exits are clear and easily accessible during emergency evacuation.
See and report if any fire-fighting equipment, such as a sand bucket or a fire
extinguisher, is missing or not working.
Ensure that all safety equipment is well maintained by the concerned authority and
report in case of any negligence.
Ensure that people do not smoke near electrical equipment or machinery or any other
such material which may catch fire easily.

Raise an Alarm

In case of a fire, the first one to discover it should immediately do the steps shown in the
following figure:
Shout loudly that
there is a fire.

Break the glass and
press the alarm
button.

Use a fire
extinguisher only if
it is safe to do so.

Call the fire brigade.

Evacuate the work
area.

Fig. 5.5.9: Steps for raising an alarm and acting accordingly

Prepare and Implement Evacuation
In case someone is shouting that there is a fire or a fire alarm is being raised, immediately
exit the work area using the nearest exit door. Help other people, who might have been
injured or traumatized due to the incident. During evacuation, do not try and grab personal
belongings or any tools as it may hinder the evacuation process.
After exiting from the work area, go to the designated assembly area or point. In case of
someone or a colleague missing, immediately report to the supervisor or a fireman present
there.
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5.5.5 Documentation
The potential hazards, safe methods of working and the precautions to be taken should be
documented properly to have a safe system. The document report should include the
details mentioned in the following figure:

Name

Date/time of
incident

Date/time of
report

Location

Environment
conditions

Persons involved

Sequence of
events

Injuries sustained

Damage
sustained

Actions taken

Witnesses

Signature of
Supervisor/
manager

Fig. 5.5.10: Incident report details
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Practical
One of your colleagues has a severe cut on hand. Perform the first-aid steps for bandaging.
Components Required:
• Bandage
• Cotton Pads
• Antiseptic Lotion
• Cleaning Liquid
• Water
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Practical
Perform the steps for Cardio Pulmonary Resuscitation (CPR).
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6. Soft Skills
Unit 6.1 – Work Ethics
Unit 6.2 – Communication Skills
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Key Learning Outcomes
At the end of this module, you will be able to:
• Explain work ethics
• Evaluate the practices of working in a team
• Explain communication skills
• Develop effective listening skills
• Manage a conflict
• Interact with supervisor
• Interact with colleagues
• Explain the importance of personality development
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UNIT 6.1: Work Ethics
Unit Objectives
At the end of this unit, you will be able to:
• Describe work ethics
• List the factors for creating strong work ethics
• Explain organizational work policies and its processes
• Implement quality and safety procedure
• Execute work effectively
• Evaluate the practices of working in a team

6.1.1 Defining Work Ethics
Work ethics means differentiating between the right and the wrong way of doing a job and
adopting the right conduct. Work ethics would include:
• Following timelines
• Working as per standards and guidelines
• Following the rules and policies of the organization
Work ethics is essential for an organization to achieve its objectives. Every individual in the
workplace, from the CEO to the entry-level workers, need to possess strong work ethics for the
company to scale new heights. A solar and LED technician should be aware of work ethics to
complete his/her work effectively.
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6.1.2 Factors for Creating Strong Work Ethics
The following figure lists some factors that help to create strong work ethics:

Sense of
responsibility
Sense of
teamwork

Emphasis on
quality
Work Ethics

Integrity

Integrity

Discipline

Fig. 6.1.1: Certain factors for creating strong work ethics

An employee should display integrity in all spheres of the job. This enables the person to
develop:
• Trustworthy association with clients
•

Good interaction with colleagues and supervisors

Sense of Responsibility
The quality and quantity of the work an employee produces depends largely on the person’s
sense of responsibility. The employee will be punctual and will complete all tasks on time if
he/she takes responsibility for the work. This involves:
• Completing the work effectively
•

Following quality and safety procedures

•

Adhering to health and safety norms

•

Ensuring waste management and disposal procedures and standards

•

Achieving work standards

Emphasis on Quality

Employees with good work ethics are concerned about the quality of their work. They go
beyond what is needed to complete their task and secure their job. They put in their best
efforts to effectively perform their assigned tasks. The employee should:
• Ensure quality of materials
•

Ensure proper handling of materials

•

Ensure that only company recommended quality materials are used unless specified
otherwise by the customer
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•

Ensure that the quantity of modules/panels match the voltage requirement of the
system

Discipline
The daily tasks can only be completed if the employees are totally committed towards their
work. A strong sense of discipline keeps them focused on their goals. Their dedication and
discipline enables them to finish their assignments on time. The employee should:
• Be aware of the timelines
•

Minimize absenteeism

•

Plan the day’s activities and complete the work plan for each installation

Sense of Teamwork
The employees as a team, work together to achieve company’s goals. An employee
possessing a strong sense of teamwork assists a team to meet its objectives and produce
high quality work. He/she knows the value of respect and cooperation. Thus, an employee
needs to:
•

Work as a team member for achieving smooth workflow and satisfying the customer

•

Communicate the constraints and quality requirements to the team

•

Build team coordination

6.1.3 Reporting Structure
All businesses must organize the work they do. A clear structure makes it easier to see
which part of the business does what work and enables effective communication across the
business structure. The following figure lists the ways to structure a business:
By function
•Arranging
the business
according to
what work
each section
or
department
does

By product or
activity

By area

•Organizing
business
according to
the different
products
made

•Organizing
business as
per the
geographical
or regional
structure

By customer
•Organizing
the business
as per the
different
needs of
different
customer
groups

By process
•Arranging
the business
according to
the stages
the products
have to go
through as
they are
made

Fig.6.1.2: Ways to structure a business

A solar and LED technician should be aware of the reporting structure so that the incidents
can be reported to the correct stakeholder.
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The following figure shows a basic reporting structure:
Electrical
Engineer/Manager
0
Supervisor

Solar and LED Technician 1

Solar and LED Technician 2

Solar and LED Technician 3

Fig. 6.1.3: A basic reporting structure

6.1.4 Understanding Organizational Work Policies and Its
Processes
Working effectively in an organization requires awareness of the work policies and the
standard work processes. A solar and LED technician should understand the work policies
and processes.
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The following figure lists the general work policies and procedures in an organization:
Setup the production equipment and supplies before executing the job orders.
Operate the equipment safely and effectively for production processing.
Ensure that the equipment is well maintained and is in a good and safe working condition.
Inspect the equipment to identify any replacements, malfunctions and repairs.
Perform regular equipment maintenance to ensure production capacity and quality.
Provide assistance to junior operators in their assigned responsibilities.
Repair and clean the equipment when needed.
Work under the guidance of the supervisor to perform and complete the assigned duties in a
timely manner.
Evaluate equipment performance and recommend improvements.
Follow safety procedures and company policies for equipment operation.
Recommend process improvements to enhance operational efficiency and safety.
Contribute to waste management programmes.
Identify and report unsafe operations to the supervisor immediately.
Maintain the work area to keep it clean, safe and organized.
Fig. 6.1.4: General work policies and procedures in an organization

6.1.5 Following Quality and Safety Procedures
For an organization, it is very important to maintain quality standards. A quality standard is
an account of the specifications, distinct features, necessities and varied guidelines related
to a product or service to meet its purpose and quality level. A solar and LED technician
must ensure the quality of materials is maintained as per the company work standards.
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The following figure highlights some of the key points to be followed by a solar and LED
technician to ensure quality:

Ensure all the materials
procured are QC passed.

Understand the material
handling requirement and
follow the standard
operating procedure while
moving the modules.

Cover the glass module
with an opaque material to
ensure that there is no
electricity generation
before installation.

Ensure that the modules
are stored in a way that
they are not damaged by
falling or by any external
disturbance.

Ensure the LED lights are
properly connected.

Ensure electrical codes,
policies on renewable
energy and state
legislations are followed.

Fig. 6.1.5: Ensuring quality standards

The solar and LED technician should follow the safety procedures to ensure own safety as
well as that of others. He/she must be aware of the type of accidents or hazards that can
take place while working and the probable actions to be taken. The following figure lists
some of the safety procedures that should be followed by a solar and LED technician while
working with solar panels and electrical connections:
Removing metals or jewellery to avoid possibility of electric shock
during installation activity
Wearing all safety gears such as work shoes, cotton gloves and goggles
while carrying out installation activities
Taking specified precautionary measures while handling electrical
system
Keeping the work area clean and organized
Adhering to relevant health and safety standards
Disposing off waste materials in accordance with safe working practices
and procedures
Fig. 6.1.6: The safety procedures
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6.1.6 Completing the Work Effectively
The solar and LED technician must be aware of the timelines of work. He/she not only does
the scheduled tasks, that is to install and maintain the lighting system, but also does the
following tasks to complete the work:
•

Clean the work area after completing the installation activity.

•

Remove all the used tools and consumables from the installation area.

•

Fill in the job completion form and get the signature of the customer.

•

Inform the customer about maintenance of the solar panels and the LED lights and the
procedure for their cleaning.

•

Follow company standards in documentation of the performed installation activities.

6.1.7 Team Work
A solar and LED technician cannot do all the work by himself. Hence, he/she needs to work in
a team. He/she should receive information accurately and pass on that to others as per
requirement. The following figure lists some practices to be followed by a solar and LED
technician while working in a team:
Pay attention to what other people are doing and congratulate them on their hard
work and successes.
Use positive tone, pitch and language to maintain professionalism and
politeness.
Be willing to socialize during work breaks.

Treat co-workers as one would want to be treated by them.

Face problems head on.

Deter from pushing too hard to make friends.

Offer help when it is needed, to maximize efficiency in carrying out tasks.

Fig. 6.1.7: Practices to be followed while working in a team
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Activity: Role Play
You are assigned the task to install solar LED lights. You reach the customer’s site along with
your colleague. Your colleague starts arguing and shouting at you in front of the customer.
What will you do?
Perform the role play.

Hints:

Ask one participant to play the role of the technician and the other to play the role of the
colleague who is shouting. Ask a third participant to be the customer.
After the role play, discuss with other participants/viewers about what the players could
have done better or if they missed a step/process.
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UNIT 6.2: Communication Skills
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•

Explain communication skills
Develop effective listening skills
List the barriers to listening
Manage a conflict
Explain the importance of personality development

6.2.1 Communication
“You can have brilliant ideas, but if you can’t get them across, your ideas won’t get you
anywhere.”
–Lee Iacocca
Communication is a skill, which is essential in today’s world, where there is ever-increasing
importance on the ability to communicate and the need to work with others. The nature of
work has changed. It demands faster communication, prompt action and good interpersonal
relations. Also, as one climbs up the career ladder, having excellent communication skills is a
must.
It is the exchange of thoughts, ideas, opinions, suggestions, feedback and so on. For any
communication to be complete, it is important to get feedback or a response to whatever is
communicated.
In communication, the sender of a message sends it through a medium. The message then
reaches the receiver, who then replies to it.
The basic communication process is shown in the following figure:

Sender of
Message

Medium of
Communication

Receiver
of
Message

Feedback
Noise

Noise
Fig.6.2.1: The communication process
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The skill to effectively communicate is the most effective as well as powerful tool which one
requires to be successful in personal and/or professional life. A lot of people find it
challenging to interact with friends, peers and family members. Conflict and emotion are a
part of communication which are inclusive in all types of interaction.
Effective communication:
•
•

Empowers a person to influence others
Is usually seen as a display of one’s ability and intelligence

Components of Communication
A person’s communication should include five important components listed in the following
figure:
What one is seeing/has seen

What one is hearing/has heard

What one is feeling/has felt about an issue

What one needs/wants

What result shall be received/acted on a request made by one's own self

Fig. 6.2.2: Components of a message

The following figure shows how past experiences shape the communication style:

Experiences influence
thoughts.

Thoughts, over time,
become attitudes.

Fig. 6.2.3: Experiences shaping communication style
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Types of Communication

Communication

The various forms of communication are listed in the following figure:

Verbal/Spoken
Non-Verbal
Written

Fig. 6.2.4: Different types of communication

•

Verbal Communication – it mainly consists of spoken words.

•

Non-verbal communication – it mainly consists of gestures, facial expressions and hand
movements.

Written communication – it is mainly a written form of communication such as, reports,
analysis, e-mails and so on.
In non-verbal communication, it is important to show proper gestures, otherwise the person
can be misunderstood. The following figure lists some of the steps for non-verbal
communication:
•

Turn the body and the face towards the speaker.
Use different parts of the body besides the ears to
receive the message.
• Look at the speaker to pick up non-verbal signals or cues.
• Use eyes to send signals to the speaker.
• A receptive audience enables motivation to work harder to
communicate a message.
React to the speaker by nodding the head.
Fig. 6.2.5: Few steps for non-verbal communication

6.2.2 Effective Listening
Effective communication depends on active and effective listening. There is a difference
between ‘listening’ and ‘hearing’:
• Active listening means to understand the meaning behind the sentences and words.
• It leads to understanding the facts and ideas.
• It also means to listen to non-verbal clues in the conversation.
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As one goes up the career ladder, the listening skills should become even better.
Managers generally spend 65 to 90 percent of their time listening.
• Listening skills can be consciously developed.
Some ways to develop the skill are as shown in the following figure:

•

Do not jump
to a
conclusion

During
feedback,
don't be
defensive
Show interest
by non verbal
clues

Remove
external noise

Stop talking to
listen

Develop
Active
Listening

Ask for all
details and
paraphrase

Fig. 6.2.6: Developing listening skills

An active listener pays full attention to the speaker and his words, giving inputs where
required. On the other hand, a passive listener only receives the message but does not
revert back or give any further indications in terms of nodding or shaking the head or
acknowledging.
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The following figure lists the steps to effective listening:
Keep an eye contact while
facing the speaker

Be attentive

Understand and feel what
the speaker is trying to
convey

Understand the words to
feel for the speaker

Do not interrupt or try to
impose "solutions."

Wait for the speaker to
pause if he/she allows any
questions to be clarified

Give feedback to the
speaker

Pay attention to nonverbal
cues -- gestures, facial
expressions, tone and
posture

Beware of potential barriers
impacting the ability to
listen effectively
Fig. 6.2.7: Steps to effective listening

Barriers to Listening
Sometimes people have a barrier that impedes their listening skills. Awareness of a barrier is
the first step in being able to overcome it. The following figure shows some barriers to
listening:
Past
experiences
Noise and
influencing
Individual bias
our reaction
verbal
and prejudice
to the speaker
"clutter"
or the
message
Preoccupation
Worry, anger
Semantics and
, boredom and
fear,
language
shrinking
depression
attention
differences
and grief
spans

Fig. 6.2.8: Some barriers to listening
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6.2.3 Acknowledgment
Acknowledgment to a conversation is very important. A person should keep the following
points in mind:
•
•
•

Acknowledge after listening to what the speaker says, whether there is an agreement on
the conversation or not. Expressing own point of view at this point is not essential.
Acknowledge the speaker’s thoughts and feelings as it does not mean that they are
agreed with.
Acknowledge after listening to what the speaker says, allows the latter to feel a sense of
satisfaction of being understood.

6.2.4 Emotional Obstacles
Emotions act as barriers to effective communication. The following figure lists some of the
emotional obstacles:
Vulnerability
Protecting
Expectations
Fear

• True feelings are hiden by people as they do not intend to
open themselves up to others
• True thoughts are usually hidden from people keeping in
mind the listeners' sentiments
• Social, professional, or cultural “rules” may inhibit
expression of some feelings
• The fear of rejection enables people to look for acceptance
to their thoughts by people around them
Fig. 6.2.9: Emotional Obstacles

6.2.5 Communicating Long or Emotional Messages
While communicating long or emotional messages, a person must:
• Explain the need of the conversation. The other people/listeners will attend to it better
if they have a basic understanding of the conversation.
• Communicate own thoughts and feelings using ‘I’, as it gives a personal tag to the
conversation.
• Avoid any verbal attacks on people. In order to disagree or criticize, being polite at all
times is essential. Also, disrespectful tone and actions in a conversation describes the
behaviour of a person.
• Specify needs and expectations in positive terms.
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6.2.6 Managing a Conflict
In a workplace, conflicts are very common issues. An employee must have the ability to
manage the conflicts. The following figure lists some key points to be followed while
managing conflicts:
Keep calm by breathing slowly and deeply. Remember that this is only
one temporary moment in life.
Concentrate on what is needed to move forward rather than dwelling
on the other person's mistakes.
Summarize the other person's feelings to make sure that there is
understanding of what they are communicating.
Give affirmation to the other person about what they may be feeling.

Acknowledge and apologize for any mistakes that may have been made.
Focus on positive results and make specific requests that will enable the
achievement of these goals.

Fig. 6.2.10: Managing conflict

6.2.7 Interacting with Supervisor
A supervisor can guide an employee to work efficiently. The employee must be able to
communicate with the supervisor in a proper way.
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The following figure highlights and lists the points on which a solar and LED technician must
interact with the supervisor:
Planning and organizing work
Completing the task assigned
Working as per guidelines and targets
Reporting any incidents or hazards at the workplace
Receiving feedback on behaviour and attitude
oReceiving accurate information and instructions and getting them
clarified
oPassing on information accurately to the designated persons within
the agreed timescale and getting a confirmation on it being received
Resolving any personnel issue
Escalating problems related to repetitive defects, machine failures,
process disruptions and repair and maintenance of machines
Fig. 6.2.11: Interacting with a supervisor

The solar and LED technician needs to understand the work requirements, the instructions
of the supervisor and the standard working procedures to carry out the work efficiently.
Work requirement is a document which has the date, location and the details of a task,
which must be done. It is the record of the task which must be performed. The solar and
LED technician should be able to understand the assigned task and its requirements.
Understanding work requirement involves the factors listed in the following figure:
Individual work requirement and areas of operation
Standard operating procedures including job schedules, quality,
safety, maintenance, process flow, control and so on
Requirement of tools and equipment
New technology developments
Plan and control work for efficiency
Fig. 6.2.12: Understanding work requirement
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6.2.8 Interacting with Colleagues
Sense of harmony and unity is the key to a healthy and competitive environment in an
organization or a workplace. Higher the rank in an organization, the bigger the
responsibilities get and the more complex the problems become.
The work group is united by the goals and missions of the organization. But, at times, issues
such as varied viewpoint, creates an unhealthy work environment. A solar and LED
technician needs to interact with his/her colleagues to carry out the installation work. The
following figure lists the reasons for having a good relationship with colleagues:
Share the work load and pass on important information
Meet targets
Maintain good interpersonal relations
Understand the nature of work of different functions
Assist colleagues in resolving field problems and conflicts
Achieve smooth workflow

Fig. 6.2.13: Reasons for having a good relationship with colleagues

6.2.9 Personality Development
Personality development involves developing interpersonal skill, communication etiquette
and disciplined behaviour.
Communication etiquette involves:
• Not using any abusive language while interacting with others
• Addressing the person appropriately and showing respect
• Not eating or chewing while talking
• Using appropriate tone and language to show politeness and care
Disciplined behaviour includes:
•
•
•
•
•
•

Being on time
Completing tasks within scheduled time and following standards
Not gossiping with others while working
Not wasting time
Eliminating waste and disposing the waste in a proper way
Being honest at workplace
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6.2.10 Interpersonal Skills
Interpersonal skills are important at the time of interacting with others. It is required for:
•

Cordially working with others

•

Effective communication skills

•

Receiving and giving feedback

• Working well in teams or groups
Howard Gardner described interpersonal skill as one of the multiple intelligences;
interpersonal intelligence or the ability to be able to understand and work effectively with
others. It focusses on presenting work, decision making, ensuring group effectiveness and
running meetings.
The following figure lists the benefits of developing interpersonal skills:

Personal
relationships

Professional
relationships

Employment
related skill

Team or
group work
in college

Learn about
other
perspectives

Share work
load

Fig. 6.2.14: Benefits of developing interpersonal skills

Interpersonal skills involve body language and effective expression. The following figure lists
some body language and expressions:
Body Language

Effective Expression

• Gestures
• Facial expressions
• Eye contact
• Posture
• Tone of voice

• 'I' Statements - ownership
• Matching non-verbal and verbal
• Questions
• Overcome barriers
• Positive language
• Ask for feedback
Fig. 6.2.15: Some body language and expressions
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Activity
Fill in the blanks to complete the communication process.
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