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Unit 1: ChecKk site conditions, collect tools and raw materials

1.1. Basics on solar energy and power generation systems

Solar power generation systems use sunlight to create electricity, either directly through
photovoltaic (PV) cells or indirectly by converting sunlight into heat to power turbines. The most
common method, PV, uses semiconductor materials like silicon to convert light into electricity.
Another approach, concentrated solar power (CSP), focuses sunlight onto a small area to

generate heat, which drives turbines.
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Fig.1.1 Solar System

e Solar Panels: Made up of photovoltaic (PV) cells, which are semiconductor devices that
convert sunlight directly into electricity.

o Inverters: Convert the direct current (DC) electricity generated by the PV panels into
alternating current (AC), which is compatible with household appliances and the
electrical grid.

o Transformers: Raise the voltage of the AC electricity for long-distance transmission.

e Arrays: A collection of solar panels wired together to provide power for a specific
application.

Concentrated Solar Power (CSP) Systems:

A CSP plant essentially consists of primary solar collector (or solar field), a solar receiver and a
power block. Solar collector is the component which concentrates the solar energy at the focus;
the receiver is the component which is located at the focus of the collector and absorbs the
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concentrated solar radiation and heats the working fluid. On the other hand, the power block
consists of the heat engine which utilizes the heated working fluid to drive a power cycle and
generate power. A schematic of a CSP plant is as shown in fig. 1.2
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Fig.1.2 Concentrated Solar Power (CSP) Systems

e Mirrors or Lenses: Used to focus sunlight onto a receiver, which is often a heat transfer
fluid.

o Heat Transfer Fluid: Absorbs the concentrated solar heat and heats water to create
steam.

e Turbine: Steam from the heated water drives a turbine, which is connected to a generator
to produce electricity.

e Generator: Converts the mechanical energy of the turbine into electrical energy.

1.2. Use and handling procedure of solar panels

Solar panels use sunlight to generate electricity through the photovoltaic effect. The panels are
typically installed in arrays, with each panel consisting of solar cells that convert light into
electricity. After installation, maintenance includes regular cleaning, visual inspection, and
monitoring.

1. Installation:

e Mounting: Solar panels are typically mounted on rooftops or other suitable surfaces,
often using racking systems.

e Placement: Panels should be positioned to maximize sunlight exposure, often facing
south in the Northern Hemisphere.

e Wiring: Electrical wiring is installed to connect the panels to the inverter and other
components of the solar system.

o Inverter Connection: The inverter converts the DC electricity generated by the panels
into AC electricity that can be used by appliances.
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Grid Connection: Grid-tied systems are connected to the electrical grid, allowing excess
energy to be sent back to the grid and energy to be drawn from the grid when needed.
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Fig.1.3 Installation of Solar Panel

2. Operation:
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Fig.1.4 Operation of Solar System

Sunlight Absorption: When sunlight hits the solar cells, they absorb the energy and
create a flow of electrons, generating electricity

DC to AC Conversion: The DC electricity is then converted to AC electricity by the
inverter. Energy Usage: The AC electricity can then be used to power devices, charge
batteries, or be sent to the electrical grid.



3. Maintenance:
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Fig.1.5 Maintenance of Solar Panel

Regular Cleaning: Cleaning the panels removes dirt and debris that can reduce their
efficiency.

Visual Inspection: Regularly inspecting the panels for damage or wear can help identify
potential problems.

Monitoring: Monitoring the system's performance can help ensure it's operating
efficiently and identify any issues that may need to be addressed.

4. Handling and Safety:

Avoid Direct Contact: Never touch the solar panels with bare hands, especially when
they are exposed to sunlight, as this can be dangerous.

Use Appropriate Tools: Use appropriate tools and equipment when handling and
installing solar panels.

Follow Safety Guidelines: Always follow the manufacturer's safety guidelines and local
regulations.

1.3. Energy storage, control and conversion
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Fig.1.6 Energy conversion



Solar panels, energy storage, control, and conversion systems work together to provide a
sustainable and efficient electricity source. Solar panels capture sunlight and convert it into
electricity, while storage systems like batteries store excess energy for later use. Control systems
manage the flow of electricity, and conversion systems ensure the energy is in the right format
(AC or DC) for use.

1. Energy Storage:

Energy storage systems, such as batteries, are crucial for making solar power more
reliable and useful.
They allow the storage of excess solar energy generated during periods of high sun
exposure, enabling its use when the sun isn't shining
This helps to smooth out the fluctuations in solar power output and ensures a more
consistent electricity supply.
Common storage methods include:

o Batteries, often used in residential applications.

o Thermal energy storage, which can store energy as heat.

o Flywheels, which store energy by spinning a heavy wheel.

2. Control and Conversion:

Control systems are responsible for managing the flow of electricity within the solar
power system.
These systems include:
o Charge controllers, which regulate the charging of batteries and prevent
overcharging.
o Inverters, which convert the DC power generated by solar panels into AC power,
which is the standard form of electricity used in homes and businesses.
Conversion systems can be designed to work with both AC and DC grids, allowing for
flexibility in system design.

Key Takeaways:

Solar panels, energy storage, and control/conversion systems are essential components of
a complete solar power system.

These systems work together to convert sunlight into electricity, store excess energy, and
manage its flow and conversion for optimal use.

The integration of these components enables more reliable and efficient solar power
generation, making it a valuable renewable energy source.

1.4. Basic electrical system and functioning

A basic electrical system functions by converting one form of energy, like chemical energy from
a battery, into electrical energy, which then flows through a circuit to power a device. This flow
of electricity is controlled by components like switches, which can interrupt the flow of
current. The system also includes conductors, like wires, which carry the electrical current, and a
load, which is the device that uses the electrical energy.
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Fig.1.7 Basic Electrical Circuit
Here's a more detailed breakdown:

Power Source: This is the initial source of energy, such as a battery or a generator. The battery
uses a chemical reaction to create voltage, whi ch is the electrical potential difference.

Conductors: These are materials that allow electricity to flow easily, like wires made of
copper. They are often insulated to prevent energy from escaping.

Load: This is the device that uses the electrical energy, like a light bulb, motor, or heating
element. The load converts electrical energy into another form, such as light, heat, or motion.

Switch: This device controls the flow of electricity by opening or closing the circuit. When
open, the circuit is broken, and no current flows; when closed, the circuit is complete, and
current flows.

Voltage: This is the electrical potential difference, or the "push" that drives the electrical
current. It is measured in volts (V).

Current: This is the flow of electric charge, which is measured in amperes (A).

Resistance: This is the opposition to the flow of current, measured in ohms ().

Power equation: P=1*V
Where
P is for power measured in Watts, I is for current and the V is for voltage

Ohm’s law: V=I*R.
Where
V is for voltage & I is for current

1.5. Mechanical equipment and its functioning

In a solar power system, mechanical equipment is crucial for capturing and converting sunlight
into usable electricity, as well as for managing and storing energy. Key components include solar
panels, mounting structures, and inverters, all working together to harness and transform solar
energy efficiently

Key Mechanical Equipment and Their Functions:

e Solar Panels:



These are the primary components that convert sunlight into electricity through the
photovoltaic effect. They are typically made of silicon or other semiconductor materials,
and their performance depends on their ability to absorb sunlight and generate an electric
charge.

e Mounting Structures:

These structures, like racking systems, are essential for securely positioning solar panels to
maximize sunlight exposure and prevent damage. They can be static (roof-mounted or
ground-fixed) or tracking systems that follow the sun's movement.

o Inverters:

Inverters are crucial for converting the direct current (DC) electricity produced by solar
panels into the alternating current (AC) electricity used in homes and businesses. They also
regulate the voltage and power output to match the needs of the electrical grid.

e Charge Controllers:

These devices are used in battery-based solar systems to prevent overcharging and ensure
the battery receives the appropriate voltage. They are a safety measure, protecting the
battery from damage and ensuring its longevity.

e Micro-inverters and Power Optimizers:

These are more advanced inverter technologies that can improve the efficiency of solar
systems, particularly in scenarios with shading or panels facing different directions.

e Laminating Machines:

In PV module production, laminating machines bond solar cells together with glass, EVA
film, and a backsheet to create a weather-resistant and efficient module.
o J-Box Station and Framer:

These machines are responsible for connecting the solar module to the junction box (J-Box)
and installing the frame for mounting.

e Stringer Machine:
This machine is used in PV production to connect the individual cells together to form a
string.

o DC Distribution Panels:
These panels are used to distribute the direct current (DC) produced by the solar panels to
the inverter.

1.6. Maintenance procedure of equipment

The maintenance of solar panels and regular cleaning to remove the accumulated dirt or debris
are the best option to extend their useful life. To make sure you have no doubts about what tools
to use and in what order you should do it, let's see how to clean solar panels step by step.

1. Schedule regular cleaning
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To keep solar panels in good condition, you must clean them at least twice a year: one at the end
of fall and another at the start of winter. If they're installed in an area with a high dust, pollen, or
dirt concentration, it's recommended to clean them more often, for example every three months.
2. Choose the right time

The maintenance and cleaning of solar panels must be carried out during the early hours of the
morning, when the panels are fresher. Cleaning them when they are still warm or exposed to
direct sunlight may be counterproductive, as the combination of heat and cold water can generate
thermal stresses and damage the equipment. Avoid when windy, rainy, or snowy.

Steps for maintaining your
onby will ens an optimized performance of our
we money and extend their service life.
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Fig.1.8 Steps for maintaining solar panel

3. Gently clean

If you haven't detected any problems, you can start with the cleaning. Make sure you remove
any kind of dirt, dust, or debris that may affect the performance of the solar panels.

4. Carry out a visual inspection

Before starting, carry out a visual inspection of the solar panels to identify possible damages
such as cracks, breaks, or loose connections. If you detect any problems, contact a professional
to carry out the necessary checks and repairs.

S. Dry the panels

You can let the solar panels air-dry, or you can use soft cloths. The most important thing is that
no water residue remains that may affect the efficiency of the panels.
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6. Monitoring
For proper maintenance, record the date you clean the solar panels, and schedule the next one.
This will allow you to properly monitor and maintain the installation in optimal conditions.

1.7. Site survey, design and evaluation of various parameters

Site survey and shadow analysis
The site parameters that influence performance and reliability of a PV system are - access to
solar radiation, near shadow and far shadow, ambient temperature, air flow and ventilation, wind
speed, height of building, terrain, orientation, dust level and pollution, salinity, humidity,
extreme weather conditions etc. A number of parameters are likely to be variable from one site to
another even in the same geographical area. Therefore, it is crucial to plan a solar PV project to
suit the site parameters and also to select the right components and customise the design
accordingly to ensure better performance and safety. An inaccurate site assessment will lead to
wrong design and installation of a PV system, which eventually follows into poor maintenance,
poor performance and unreliable system functioning.
Must have tools for site survey:

e  Personal protective equipment (as applicable to site condition)

e A Solar Pathfinder or Sun eye to identify / determine shadow free area

e A compass to record direction (Mobile app is available)

e A measuring tape/ digital distance meter to measure distance

e An angle measuring equipment (Mobile app is available)

e A notebook

e A working partner (Never survey a site alone)

1. Determine PV array location conducting shadow analysis:

* Carry out shadow analysis to find the area which is free from shadow in all days of the year
* Ensure that the PV array will have safe access for maintenance and fire safety

* Ensure that PV array has ample space for air cooling

* Ensure that modules are protected from theft and vandalism

Conduct shadow analysis at site:
Objects that come in the path of the incident solar rays any time during the day, will cast

shadows and hence reduce the solar generation. A taller object located in the east direction would
cast shadows during morning and a taller object located on the west direction would cast
shadows during the afternoon. When multiple rows are placed, one row can cast shadow on the
other if not properly placed.

Shadow analysis — analyzing sun position:
When the position and height of the object are known, it is easy to calculate shadow length at

different times of the day using a simple trigonometry formula as shown below. Azimuth angle
and altitude angle can be derived from various web tools that are available in web domain.
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Fig.1.9 Solar Pathfinder and sun path diagram

2. Determine suitable location for inverters and other electrical equipment:

* Location of string combiner box, inverters and instruments should be such that their access is
Controlled;

* Minimum distance from the PV array to reduce losses;

* Protection from the environment as needed by the inverter class;

* Inverter should be installed in such a place where there is enough space for cross ventilation,
heat dissipation and maintenance. The inverter manufacturer generally recommends this in their
Installation manual,;

» The location of over current protection devices and/or load breaking disconnecting means
should be at the end of the cable that is electrically most remote from the PV modules.

3. Identify cabling routes and therefore the required cable run distances:

Determine cable routes and hence cable length based on array location, combiner box location,
inverter location and location of main switch board. Cable routes are not always the shortest
paths of the cables. The cable routes have to be decided based on wiring rules, considering the
safety of cables and personnel alike.

Please follow the steps below:

* Verify the location of equipment and routing of the cable at the site and measure cable length
and compare with the drawing / design documents;

* Determine the length of conduit or cable tray required for the installation;

* Prepare the cables according to the length and size as determined after site measurement.

1.8. Tools involved in installation of system

During solar panel installation, a variety of tools are used, including measuring tools like tape
measures and levels, power tools like drills and impact drivers, and electrical tools like wire
cutters and testers. Safety equipment, such as helmets, harnesses, and safety glasses, is also
crucial.
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Power Tools:

Fig.1.10 Power Tool

e Drill: For drilling holes for mounting systems.

o Impact driver: For driving screws into mounting surfaces.
o Hack Saw: For cutting metal rails.

e Conduit Bender: For shaping conduit to fit around corners.

Electrical Tools:
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Fig.1.11 Electrical Tool

e Screwdriver: For fastening panels, inverters, and other components.
e Wire cutters and strippers: For cutting and preparing wires.

o Electrical tester: To verify connections.

e Wire stripper: For stripping the insulation off wires.

e Crimping pliers: To create secure wire connections.

o Digital Multimeter: To measure voltage, current, and resistance.
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Mounting and Racking Tools:
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Fig.1.12 Mounting & Racking Tool

e Torque & Monkey Wrench: To ensure bolts are tightened to manufacturer
specifications.

e Roof Flashing Tools: To prevent water ingress.

e Solar Panel Hanger: To hold and position panels on rails.

e Measuring tape: For accurate measurements of the roof and panels.

e String: To ensure panels are installed evenly.

o Fine point marker: To mark positions for drilling and mounting.

Safety Equipment:

Fig.1.13 Safety Equipment

o Safety Jacket helmet & Footwear: To protect from falling debris.
o Safety harness and lanyard: For fall protection.

o Safety glasses: To protect eyes from debris.

e  Work gloves: To protect hands.



1.9. Quality and process standards

Quality and process standards in the solar PV industry are crucial for ensuring reliable and
efficient solar energy systems. These standards cover various aspects, including manufacturing,
testing, installation, and maintenance. They help guarantee that solar panels and systems meet
performance expectations, safety requirements, and environmental standards.

Quality Control in Manufacturing:

e Visual Inspection: Checking panels for physical defects like cracks, discoloration, or
damage.

e  Workmanship Assessment: Evaluating the quality of panel components and assembly,
including framing, glass, junction boxes, and wiring.

o Labelling and Alignment: Verifying that panels are properly labeled and aligned according
to specifications.

e Automated Optical Inspection (AOI): Using Al-powered systems to detect microscopic
defects.

e X-ray Inspection: Examining internal components without disassembly.
e Thermography: Identifying potential hot spots that could lead to performance issues.

o Data Analytics: Using big data to analyze production trends and identify potential
problems.

Testing and Certification:
o [IEC 61215: A fundamental testing standard for crystalline silicon terrestrial PV modules.

e STC (Standard Test Conditions): Testing panels under standardized conditions to
determine performance metrics like temperature coefficient, open-circuit voltage, and
maximum power output.

e Field Tests and Measurements: Assessing the performance of panels and systems in real-
world conditions.

e Continuity Testing: Verifying electrical connections.
o Insulation Resistance Testing: Ensuring no electrical leakages.

e I-V Curve Tracing: Comparing actual output against expected benchmarks.

1.10. Occupational health and safety standards

Occupational health and safety in the solar industry, specifically related to solar panel installation
and maintenance, involves a wide range of measures to protect workers from various
hazards. These include fall protection, electrical safety, fire prevention, and the use of personal
protective equipment (PPE) like safety glasses, hard hats, gloves, and protective
clothing. Additionally, proper training, lockout/tagout procedures, and emergency response plans
are crucial for ensuring a safe working environment.
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Specific Safety Measures:

Fall Protection:

Since much of solar work is done at heights, fall protection is paramount. This includes using
guardrails, safety nets, or personal fall arrest systems, as well as ensuring safe access to
elevated areas.

Electrical Safety:

Electrical hazards are a significant concern. Workers must be trained in proper handling of
electrical equipment, using insulated gloves and other PPE, and following lockout/tagout
procedures before servicing or maintaining equipment.

Fire Prevention:

Fire safety is essential, including having fire detection and suppression systems, regular fire
safety training for workers, and ensuring the use of quality components and surge
protection.

Personal Protective Equipment (PPE):

PPE, such as safety shoes, safety helmets, reflective jackets, gloves, and safety belts, is
crucial for protecting workers from various hazards.

Hazardous Material Handling:

Proper procedures for handling hazardous materials, such as cleaning solvents, are also
necessary.

Training and Supervision:
Employers are responsible for providing adequate training, supervision, and tools for their
workers, as well as ensuring they have emergency response plans in place.

Key Standards and Regulations:

OSHA (Occupational Safety and Health Administration):

OSHA regulations, such as 1910.269, provide guidelines for electrical safety and require
employers to provide adequate training, supervision, tools, equipment, PPE, and emergency
response plans.

ISO 45001:

This international standard for occupational health and safety management systems helps
organizations reduce risks and continuously improve their OH&S performance.

Industry Best Practices:
In addition to legal requirements, the solar industry also follows industry best practices for
safety, such as using qualified and certified installers and regularly inspecting equipment.

In essence, a comprehensive approach to occupational health and safety in the solar industry
involves a combination of regulatory requirements, industry standards, and best practices to
minimize risks and ensure the well-being of workers
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MCQ

. Which of the following is a fundamental aspect covered under "Basics on solar energy and
power generation systems"?

(a) Detailed wiring diagrams for solar panels

(b) The process of converting sunlight into electricity

(c) Marketing strategies for so/6

lar energy companies

(d) Government subsidies for solar installations

. What is a key consideration when dealing with the "Use and handling procedure of solar
panels"?

(a) The aesthetic design of the panels

(b) Safety precautions during installation and maintenance

(c) The brand reputation of the manufacturer

(d) The color of the solar cells

"Energy storage, control and conversion" in solar power systems primarily involves:
(a) Determining the optimal location for solar farms

(b) Processes like battery charging, inverting DC to AC, and regulating power flow
(c) Calculating the payback period of a solar investment

(d) Negotiating electricity tariffs with utility companies

. Understanding the "Basic electrical system and functioning" of a solar setup is crucial for:
(a) Predicting weather patterns

(b) Ensuring proper connection and operation of components

(c) Landscaping around the solar installation site

(d) Filing warranty claims

. Which of the following falls under "Mechanical equipment and its functioning" in a solar power
system?

(a) Inverters

(b) Charge controllers

(c) Mounting structures

(d) Wiring harnesses

. What might be included in the "Maintenance procedure of equipment" for a solar power system?
(a) Daily cleaning of windows in the building

(b) Regular inspection and cleaning of solar panels

(c) Monthly electricity bill payment

(d) Annual tree trimming around the property

. A "Site survey, design and evaluation of various parameters" for a solar installation would likely
consider:

(a) The interior decor of the building

(b) Shading from nearby objects and roof orientation
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(c) The homeowner's favorite colors
(d) The stock market performance of solar companies

Which of the following is an example of "Tools involved in installation of system"?
(a) A microwave oven

(b) A torque wrench

(c) A television remote

(d) A recipe book

"Quality and process standards" in the context of solar energy aim to ensure:
(a) Low installation costs

(b) High efficiency and reliability of the system

(c) Minimal paperwork for permits

(d) Quick completion of the project

"Occupational health and safety standards" during solar installation are primarily concerned
with:

(a) The comfort of office staff

(b) Preventing accidents and injuries to workers

(c) The aesthetic appeal of the final installation

(d) Minimizing noise pollution in the neighborhood

MCQ Answers

(b) The process of converting sunlight into electricity

(b) Safety precautions during installation and maintenance

(b) Processes like battery charging, inverting DC to AC, and regulating power flow
(b) Ensuring proper connection and operation of components

(c) Mounting structures

(b) Regular inspection and cleaning of solar panels

(b) Shading from nearby objects and roof orientation

(b) A torque wrench

(b) High efficiency and reliability of the system

(b) Preventing accidents and injuries to workers

Short Questions

. Briefly explain the fundamental principle behind solar power generation.

What are two key safety considerations when handling solar panels?

Name two essential processes involved in energy storage, control, and conversion in a solar
power system.

Why is understanding the basic electrical system of a solar setup important?

Give two examples of mechanical equipment used in a solar power system.
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Long Questions

1. Describe the typical steps involved in a site survey for a solar power installation. Explain the
significance of evaluating various parameters during this process.

2. Discuss the importance of establishing maintenance procedures for the equipment in a solar
power system. What are some common maintenance tasks that should be performed regularly?

3. Elaborate on the significance of quality and process standards, as well as occupational health and
safety standards, in the context of solar energy system installation. Explain how adherence to
these standards contributes to the success and safety of a project.

QR CODE

https://waaree.com/blog/step-by-step-solar-installation-
guide/?hl=en-US
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UNIT 2: INSTALLATION OF SOLAR PANEL
2.1 Solar energy system components such as panels, batteries,
charge controllers, inverters

A solar panel installation requires several key components: solar panels (or modules), an
inverter, racking and mounting hardware, and wiring. Depending on the system, additional
components like batteries, charge controllers, and disconnects may also be needed.

Here's a more detailed look at the components:

Main Components of Solar Photo Voltaic System

The solar power system consists of the following components:

1. Solar array.
2. Battery Bank
3. Solar Charge Controller
4. Field Junction Box
5. Solar Module Mounting Structure
6. Earthing kit
7. Cables.
e e P e |
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Fig.2.1: Block diagram of Solar Photo Voltaic System
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1. Solar Array

Solar array consists of series/parallel combination of modules, which are mounted on the
metallic structure in sunny and shadow free area at a fixed angle as recommended by designer.
All the modules will face the South in Northern hemisphere. Cables from the array area will
come to the control and battery room through junction boxes from panels of modules.

HH

HHHHH
11

HE

T

Cell

Fig.2.2: Sketches showing Cell, Module and Array
Solar Panel

A Solar panel consists of a number of solar modules, which are connected in series and parallel
configuration to provide specific voltage and current to charge a battery. A diode is connected on
the +ve terminal of such string in forward bias. This is called Blocking diode.

Blocking
Daode

H
Battery set

k5w d
P g IR J"U\ -\ a3
]
-
Charge Controller

e . ;
" x Byvpass
-

Fig.2.3: Structure of a Solar Panel
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This diode is provided so that in daytime current can flow from module to battery, but at night or
in cloudy day current should not flow back from battery to module or from one string to another
string Drawing shown in Fig 4 below illustrates a Solar panel.

2. Battery Bank

The Sun is not always available and it is not regular. However, loads are to be fed any time of the
day. Therefore power should be stored in a battery bank. Low maintenance Lead acid battery as
per IRS: S 88/2004 or latest of specified capacity will be provided. The capacity of this battery
bank is given in Ampere - Hour (AH) and bus bar voltage. The bus-bar voltage is decided by the
voltage requirement of the load.

3. Solar Charge Controller

Charge controller is the interface between Array and battery bank. It protects the battery from
overcharging and moderate charging at finishing end of charge of battery bank. Therefore it
enhances the life of the battery bank. It also indicates the charging status of batteries like battery
undercharged, overcharged or deep discharged through LEDs indications. Some switches and
MCBs are also provided for manual or accidental cut-off of charging. In some charge controllers
load terminals are also provided through a low battery charge cut-off device so that it can protect
the battery bank from deep discharge. Solar Charge Controller units for Indian Railways are
manufactured as per RDSO Specification No.RDSO/SPN/187/2004. The front view of a typical
CEL make Charge Controller is shown in Fig.1.7.

Fig.2.4 : Front view of a Charge Controller

The technology adopted nowadays for manufacturing solar charge controller is MOSFET/IGBT
technology. With this technology the idle current of the controller is less than 50 mA depending
upon the rating of the charge controller and its current. First the controller is connected to battery
bank and then it is connected to Solar Array/Solar module for sensing the voltage from the
module. When the system is put into operation, the SPV modules start charging the battery bank.
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Care should be taken that in no case the battery connections are removed from the controller
terminals when the system is in operation, otherwise SPV voltage may damage the Charge
controller, since the Solar voltage is always higher than the battery voltage.

LED indications of Charge Controller

Sr. No. | LED Colour Indication
L: GREEN Boost Charging (SPV1 & SPV2)
2 YELLOW Float Charging (SPV)
3 RED Battery LOW
4 RED Battery REVERSE with Alarm
5 RED PV REVERSE with Alarm

Selection of Charge Controller

Charge controllers are included in most PV systems to protect the batteries from overcharge
and/or excessive discharge. The minimum function of the controller is to disconnect the array
when the battery is fully charged and keep the battery fully charged without damage.

The charging routine is not the same for all batteries. A charge controller designed for lead- acid
batteries should not be used to control NiCd batteries.

Charge controllers can be used in parallel to add more modules to a battery bank.

Salient feature of Charge controller

e Power devices should be of Solid state, High efficiency with Two stage charging

technique.

¢ Protection against Transient/Surge.

e Prevent discharge of battery through solar panel during night.

e Protection against overcharge of the battery.

¢ Protection against reverse connection of battery and module.

e Robust enclosure and cooling with heat sink.

e Control, temperature compensated set points and equalization.

e Suitable MCB’s provided at Solar input of 100 Amp.

Typical per cell voltages at ambient temperature 24° - 25° C

Boost charging upto : 2.34 V

Float stage voltage maintains : 2.29 V

Boost stage reactivates at : 2.14 V

Battery low at: 1.74 V

Calculate total current that Charge Controller will control

No. of Parallel Modules X Isc X 1.25 = Charge Controller Capacity ( Few manufacturers already
have built in extra current capacity)
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2.2 Significance of volts, amps and watts: series and parallel
connection

In solar panel installations, series and parallel connections are crucial for optimizing voltage,
current, and power output. Series connections increase voltage while keeping current constant,
while parallel connections increase current while maintaining the same voltage. Understanding
these connections helps in designing efficient solar systems and matching them with specific
equipment like inverters and batteries.

Series Connection:

o 0 e 2 0 e g

i ¢ — —

take 6V + 6 V=12V

Fig.2.5: PV Module in Series Connection

e Voltage: When solar panels are wired in series, the positive terminal of one panel is
connected to the negative terminal of the next, and so on. This increases the overall
voltage of the system. The voltage of each panel is added together, so more panels in
series results in a higher voltage output

e Current: The current (amperage) remains the same as the individual panel's current. It's
limited by the panel with the lowest current rating in the series string.

o Power: While the voltage increases in series, the current stays the same. The overall
power output of the series string is the product of the higher voltage and the individual
panel current, resulting in a higher total power output.

o Shading: Series connections are more sensitive to shading. If one panel in a series string
is shaded, it will reduce the voltage and current of the entire string, impacting the
performance of all panels.
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e Benefits: Series connections are beneficial when you need to increase the voltage of the
system to meet the requirements of the inverter or charge controller. They are also more
efficient for long distances, as higher voltage means less current and therefore less
voltage drop in the wires.

Parallel Connection:

Fig.2.6: PV Module in Parallel Connection

e Current: When panels are wired in parallel, the current (amperage) of the system
increases. The current of each panel is added together

e Voltage: The voltage of a parallel circuit is the same as the voltage of each individual
panel.

o Power: The overall power output of a parallel string increases with the addition of more
panels. The power is the product of the individual panel voltage and the total current.

o Shading: Parallel connections are more tolerant of shading. If one panel is shaded, the
other panels in the parallel string can still produce power, and the overall current of the
string is not significantly affected.

o Benefits: Parallel connections are useful when you need to increase the current output of
the system, for example, to charge a larger battery or to meet the requirements of an
inverter with a lower voltage range.
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Summary Table:

Feature Series Connection

Voltage Increases

Current Remains the same as individual
panels

Shading More sensitive to shading

Use Increase voltage for inverters, longer

Cases distances

Key Considerations:

e Inverter/Charge Controller Requirements:
requirements of your inverter or charge controller are crucial in determining whether to
use series or parallel connections.

e Wiring Gauge: Parallel connections may require thicker wires to handle the increased
current, potentially increasing costs.

o Shading: If the solar panels are likely to experience shading, parallel connections may be

more suitable.

o System Design: The choice between series and parallel connections should be made

Parallel Connection
Remains the same as individual panels

Increases

More tolerant of shading

Increase current for larger loads, more

tolerant shading

based on the overall system design and the specific needs of the installation.

2.3 Voltage requirement of various equipment
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Fig.2.7: Electrical sub-system of Solar system

During solar panel installation, different equipment like solar panels, micro inverters, and grid-

tied inverters have varying voltage requirements. Solar panels typically output DC voltage

The specific voltage and current



between 18-58 volts, with microinverters requiring a minimum of 22 volts to activate, and grid-
tied inverters often require a DC input voltage range of 150V to 850V.

Voltage Requirements of Specific Equipment:
e Solar Panels:
Open Circuit Voltage: Generally between 21.7V to 43.2V.
Maximum Power Voltage: Usually between 18V to 36V.
Nominal Voltage: Varies, but common values are 12V, 18V, 20V, or 24V.
String Voltage: In grid-connected systems, solar panels are often connected in
series to produce a higher DC voltage, ranging from 150V to 850V as input to the
grid-tied inverter.
e Microinverters:
o Startup Voltage: Require the solar panel to output between 18-58 volts to wake
up.
o Activation Voltage: Will turn on automatically when 22 volts are detected from a
50-volt panel.
e Grid-Tied Inverters:
o DC Input Voltage: Typically require a DC voltage input range of 150V to 850V,
depending on the system configuration.
o AC Output Voltage: The output of the inverter is usually 230V or 415V AC.

o O O O

2.4 Panel mounting and inclination and angle of tilt

e Panel mounting of Solar Modules
For mounting the solar panels first determine mounting method i.e. Roof mount or Ground

mount.

Fig.2.8: A solar panel installation
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While mounting the solar Modules, following points should be considered for getting maximum
output from the solar modules:

e Modules should be oriented south facing to receive maximum sunlight..

e The Modules produce more power at low temperature and full sun.

e Tracking the Sun increases the amount of power from an array

Mounting Options: Solar panels can be mounted on roofs, ground, or other structures. The
specific mounting method will influence the tilt angle and orientation.

e Angle of Tilt: The tilt angle is the angle between the plane of the solar panel square and the
horizontal ground, and it is hoped that this solar panel angle is the best angle of tilt when the
power generation of the square array is the largest in a year.

NORMAL

VECTOR |

Fig.2.9: Angle of Tilt

e Compromise: For a compromise between summer and winter performance, a tilt angle
slightly less than the latitude (e.g., 20-25 degrees for Nilokheri) can be used.

o Importance of Tilt: The tilt angle is crucial for maximizing sunlight absorption. A
higher tilt (closer to the latitude) is better during winter when the sun is lower in the sky,
while a lower tilt is better during summer when the sun is higher.
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2.5 Placement of solar panel mounting

For optimal solar panel performance in the mounting structure should be oriented south and tilted
approximately at the latitude. This maximizes sunlight exposure throughout the day and allows
the panels to capture the most energy.

e Space Between Panels: It's essential to leave enough space between the panels to allow
for proper ventilation, prevent shading, and make maintenance easier.

H=Lssin(g)

Fig.2.10: Sketch showing Panel Height, spacing between adjacent rows and angle of
tilt

e Roof Orientation: The orientation of the roof itself also plays a role. If the roof is not
ideally oriented towards the south, it might be necessary to explore alternative mounting
solutions, such as ground-mounted systems or panels installed on the walls.

Fig.2.11: A Solar Panel Orientation
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e Mounting Structure: The mounting structure needs to be sturdy and durable to support
the solar panels and withstand the weather conditions. Commonly used structures
include:

o Railed systems: These are attached to the roof and use flashings, screws, and
bolts to secure the rails and prevent water leakage, as mentioned by Bluebird
Solar.

o Ballast or concrete blocks: These are used for flat roofs to provide a stable base
for the panels, according to Bluebird Solar.

2.6 Sunlight and direction assessment

During solar panel installation, assessing sunlight and direction is crucial for maximizing energy
production. In the Northern Hemisphere, south-facing panels are generally optimal, but east-west
orientations can also be productive, especially if aligned with energy consumption patterns. The
ideal angle for solar panels is typically between 30 and 45 degrees, but this can vary based on
location and seasonal changes.

Sun’s Path During Summer and Winter

= O June 21

December
21

East
North - )

-
o

Solar panel
(module)

Fig.2.12: Sun Path
1. Optimal Direction (Northern Hemisphere): South-facing: This is the most common and
generally most efficient orientation for solar panels in the Northern Hemisphere, as it aligns with
the sun's path throughout the day.
o East-West: Panels facing east or west can still produce electricity, especially if energy

demand is higher in the morning or evening.

31



2. Optimal Angle:
e General Range: A 30-45 degree tilt angle is often recommended for optimal solar
energy production.
o Seasonal Adjustment: The ideal angle can be adjusted depending on the season. Lower
angles in the summer and steeper angles in the winter can improve energy capture.

3. Factors Affecting Optimal Orientation and Angle:

e Location: Latitude and longitude significantly impact the sun's path and the optimal
angle for solar panels.
Time of Year: Seasonal changes affect the sun's position in the sky, which influences the
optimal angle.
Shading: Trees, buildings, and other obstructions can cast shadows on solar panels,
reducing their efficiency. Careful assessment of shading patterns is crucial.
Local Weather: Snowfall in winter can affect the efficiency of solar panels. Steeper
angles can help snow slide off the panels.
Energy Consumption Habits: If you have a large energy demand in the evenings, west-
facing panels may be a better choice.

4. Site Assessment:
e Roof Condition: Check the roof for structural integrity, leaks, and compatibility with
solar panel installation.
e Roof Orientation: Determine the direction the roof faces and the potential for shading.
e Nearby Obstructions: Assess the presence of trees, buildings, or other obstructions that
could cast shadows on the panels.

5. Alternatives to Rooftop Installation:
e Surface-Mounted or Pole-Mounted Panels: If the roof is not suitable for solar panel
installation, these alternatives can provide a way to capture sunlight.

2.7 Site surveying methods and evaluation parameters

Solar site surveying involves evaluating a location for solar panel installation, focusing on
factors like shading, orientation, and roof condition to optimize energy production and system
design. Key methods include shade analysis, measuring available space, assessing roof
condition, and analyzing the electrical system.

Here's a more detailed look at the methods:

1. Shade Analysis:

o Importance: Shading from trees, buildings, or other structures significantly impacts solar
panel performance.

e Methods:
o Visual inspection: Assess shading patterns during different times of the day and
year.

32



o Shade modeling software: Use software to simulate shading patterns and project
energy production losses.

o Shade meters: Measure the amount of sunlight received by a surface at different
times of the day.

Shadow from nearby wall Shadow from mumty

Fig.2.13: A Solar Panel Shadow Effect

e Goal: Identify areas with optimal sun exposure and areas that may require shading
mitigation techniques.

2. Space Measurement:

Critical Angle

Distance

Fig.2.14: A Solar Panel Space Measurement

o Importance: Determines the maximum size of the solar panel system that can be
installed.
o Methods:
o Roof measurements: Measure the roof area, including dimensions and pitch.
o Ground space measurements: Measure the area for ground-mounted solar
panels.
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e Goal: Ensure that the system design fits the available space and maximizes panel
placement.

3. Roof Condition Assessment:
o Importance: Ensures that the roof can structurally support the solar panels.
e Methods:
o Visual inspection: Assess the roof's material, condition, and age.
o Structural analysis: Determine the roof's load-bearing capacity and any potential
issues.
e Goal: Identify any roof repairs or replacements needed before installation.

4. Electrical System Analysis:

DC Electricitv.

IDC{M: Inverter
AC Electricity

L _ " W Electricity Meter

Fig.2.15: A Solar System Electrical System

o Importance: Ensures that the electrical system can handle the solar system's output and
integrate with the existing grid.
o Methods:
o Panel inspection: Inspect the main service panel and check for available space
for a solar circuit.
o Load calculations: Assess the existing electrical load and determine the capacity
of the solar system.
e Goal: Identify any electrical upgrades or modifications needed for a smooth installation.

By conducting a thorough site survey, solar professionals can gather the necessary

information to design a solar system that is efficient, cost-effective, and meets the customer's
energy needs.
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Evaluation Parameters:

The The site parameters that influence performance and reliability of a PV system are mentioned
below.

e Solar Radiation: Assessing the amount of sunlight the site receives, which is a crucial
factor in determining the potential energy output of the solar panels.

o Shading: Analyzing potential shading sources and their impact on solar panel
performance.

e Roof Condition: Evaluating the suitability of the roof for solar panel installation,
including its age, materials, and any potential damage.

e Electrical Infrastructure: Assessing the existing electrical system and its capacity to
accommodate the solar panels.

e Structural Integrity: Ensuring the roof can withstand the weight and stress of the solar
panels and racking system.

e Orientation and Angle: Determining the optimal orientation and angle of the solar
panels for maximum energy production.

e Climate Conditions: Considering factors like temperature and wind speed, which can
affect solar panel performance.

e Space Availability: Measuring the available roof space and determining the maximum
number of solar panels that can be installed

o Local Regulations and Permits: Checking for any local regulations or permits required
for solar panel installation.

2.8 Tools involved in installation of system

During solar panel installation, a variety of tools are used, including measuring tools like tape
measures and levels, power tools like drills and impact drivers, and electrical tools like wire
cutters and testers. Safety equipment, such as helmets, harnesses, and safety glasses, is also
crucial.

Here's a more detailed breakdown:

Power Tools:

Fig.2.16:Power Tool
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e Drill: For drilling holes for mounting systems.

o Impact driver: For driving screws into mounting surfaces.
o Hack Saw: For cutting metal rails.
e Conduit Bender: For shaping conduit to fit around corners.

Electrical Tools:
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Fig.2.17: Electrical Tool
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e Screwdriver: For fastening panels, inverters, and other components.
e Wire cutters and strippers: For cutting and preparing wires.

o Electrical tester: To verify connections.

e Wire stripper: For stripping the insulation off wires.
e Crimping pliers: To create secure wire connections.
o Digital Multimeter: To measure voltage, current, and resistance.

Mounting and Racking Tools:
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Fig.2.18: Mounting & Racking Tool

36




e Torque & Monkey Wrench: To ensure bolts are tightened to manufacturer
specifications.

e Roof Flashing Tools: To prevent water ingress.

e Solar Panel Hanger: To hold and position panels on rails.

e Measuring tape: For accurate measurements of the roof and panels.

e String: To ensure panels are installed evenly.

o Fine point marker: To mark positions for drilling and mounting.

Safety Equipment:

Fig.2.19: Safety Equipment

o Safety Jacket helmet & Footwear: To protect from falling debris.
o Safety harness and lanyard: For fall protection.

o Safety glasses: To protect eyes from debris.

e Work gloves: To protect hands.
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MCQ

. Which of the following is a key component of a solar energy system?

(a) Wind turbine

(b) Solar panel

(c) Hydroelectric generator
(d) Nuclear reactor

. What units are commonly used to describe the electrical characteristics of solar panels and

batteries?

(a) Joules, Newtons, Pascals
(b) Watts, Ohms, Farads

(c) Volts, amps, watts

(d) Celsius, Kelvin, Fahrenheit

Connecting solar panels in series primarily aims to increase the:
(a) Current

(b) Voltage

(c) Power

(d) Resistance

Connecting batteries in parallel primarily aims to increase the:
(a) Voltage

(b) Current capacity

(c) Power output

(d) Internal resistance

. What is an important consideration when determining the voltage requirement of various

equipment in a solar system?

(a) The color of the equipment

(b) The weight of the equipment

(c) Ensuring compatibility with the system's voltage
(d) The material the equipment is made of

. The angle of tilt of a solar panel is primarily adjusted to optimize:

(a) The aesthetic appearance of the installation

(b) The structural stability of the mounting

(c) The amount of sunlight received throughout the year
(d) The ease of cleaning the panel

. Proper placement of solar panel mounting structures is crucial for:\

(a) Minimizing the cost of materials

(b) Maximizing exposure to sunlight and ensuring stability
(c) Simplifying the wiring connections

(d) Reducing the overall weight of the system
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8.

10.

Sunlight and direction assessment is important for determining:
(a) The best time of day to use the stored energy

(b) The optimal location and orientation of the solar panels

(c) The type of inverter required for the system

(d) The number of batteries needed for backup

Which of the following is a key aspect of site surveying methods and evaluation parameters for
solar panel installation?

(a) Assessing the local bird population

(b) Evaluating shading from nearby obstacles

(c) Measuring the ambient noise levels

(d) Analyzing the soil composition for gardening

Which of the following is likely to be a tool involved in the installation of a solar panel system?
(a) A microscope

(b) A stethoscope

(c) A multimeter

(d) A telescope

MCQ Answers

1. (b) Solar panel

2. (c) Volts, amps, watts

3. (b) Voltage

4. (b) Current capacity

5. (c) Ensuring compatibility with the system's voltage

6. (c) The amount of sunlight received throughout the year

7. (b) Maximizing exposure to sunlight and ensuring stability
8. (b) The optimal location and orientation of the solar panels
9. (b) Evaluating shading from nearby obstacles

10. (c) A multimeter

Short Questions

1. List three key components of a solar energy system.

2. What is the primary difference in the effect on voltage and current when solar panels are
connected in series versus in parallel?

3. Why is it important to consider the voltage requirements of all equipment when designing a
solar energy system?

4. What are two critical factors to assess during sunlight and direction assessment for solar panel
installation?

5. Name three types of tools that might be used during the physical installation of a solar panel
system.
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Long Questions

1. Explain the significance of understanding volts, amps, and watts in the context of a solar
energy system. Describe how series and parallel connections of solar panels and batteries affect
these electrical parameters and why this knowledge is crucial for system design and
performance.

2. Discuss the importance of panel mounting, inclination, and the angle of tilt in solar panel
installation. Explain how these factors influence the amount of solar energy captured and how
site surveying methods help determine the optimal configuration for a specific location.

3. Describe the key steps involved in site surveying and evaluation for a solar panel installation.
What parameters need to be assessed, and why is a thorough site assessment crucial for the long-
term efficiency and success of a solar energy system.

QR CODE

http://www.youtube.com/watch?v=HOka91PxFIA
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Unit 3: Coordinate colleagues at work
3.1 Company’s policies on incentives, delivery standards, and

personnel management.

A company's policies on incentives, delivery standards, and personnel management during
coordination with colleagues involve a range of factors, including clear expectations,
performance-based rewards, and a supportive work environment. Incentives, such as bonuses,
recognition programs, and professional development opportunities, can motivate employees to
achieve company goals and improve their performance. Delivery standards should outline
expectations for work quality, timeliness, and adherence to project deadlines, ensuring consistent
and effective collaboration. Personnel management policies should address issues like
performance reviews, conflict resolution, and employee development, fostering a positive and
productive work environment.

Incentives:

Employee Leadership
Loyalty
Job
Incentives » performance

Fig. 3.1 Impact of Incentive on Employee

o Types of incentives: Companies may offer various incentives, including monetary
rewards (bonuses, raises, profit sharing), non-monetary rewards (additional PTO, flexible
work hours, recognition programs), and professional development opportunities.

o Incentive programs: Incentive programs should be designed to align with company
objectives and key performance indicators (KPIs).

e Transparency: Clear communication about the criteria, eligibility, and evaluation
process for incentives is crucial for fostering trust and engagement.

o Fairness: Incentive programs should be equitable and fair, considering individual
contributions and team efforts.

o Impact: Incentives can motivate employees, boost productivity, improve employee
engagement, and reduce turnover.

Delivery Standards:
o Clear expectations: Employees should have a clear understanding of what is expected of
them in terms of quality, quantity, and timelines.
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e Performance metrics: Companies should track and measure employee performance
against established metrics to ensure accountability and identify areas for improvement.

e Communication: Regular communication and feedback are essential for keeping
employees informed about progress, challenges, and expected outcomes.

e Compliance: Delivery standards should be aligned with company policies and legal
requirements.

,/ \\.
/ Examples of \
Compliance \

Policies and
\ Procedures /
\ /

Fig. 3.2 Examples of Compliance and Policies and procedure

Personnel Management:

KEY FUNCTIONS OF PERSONNEL
MANAGEMENT

_ peEeee

Fig. 3.3 Key Function of personnel Management

e Recruitment & Selection: Finding and hiring the right talent through job analysis,
advertising, screening, interviews, and background checks. A strategic approach ensures
the company attracts top candidates who align with its culture and goals.

e Performance Management: Regular performance reviews provide opportunities for
feedback, goal setting, and professional development.

o Employee Relation: Creating a positive and supportive work environment is crucial for
employee well-being, productivity, and collaboration.

e Training & Development: Providing employees with opportunities for training, skill
development, and career advancement fosters a sense of growth and engagement.
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o Compensation & Benefits: Attractive compensation packages not only attract top talent
but also enhance employee satisfaction and loyalty. Providing flexible benefits tailored to
employees’ needs can further improve workplace morale and productivity.

e Compliance & Safety: Adhering to labor laws, implementing safety programs,
conducting risk assessments, and enforcing ethical policies. A proactive approach to
compliance minimizes legal risks and ensures a secure working environment for all.

By implementing robust policies on incentives, delivery standards, and personnel management,
companies can create a more productive, engaged, and collaborative work environment,
ultimately leading to better performance and outcomes

3.2 Importance of the individual’s role in the workflow

In a workflow, each individual's role is vital for efficient coordination and smooth
operations. Clearly defined roles ensure everyone knows their responsibilities, promotes
accountability, and prevents duplication of effort. This leads to increased productivity, improved
hiring processes, boosted team morale, and more efficient resource utilization.

Here's a more detailed look at why each individual's role is important:

1. Clear Responsibilities and Accountability

4 reasons to establish roles and responsibilities

% Increased productivity
e Clear roles and responsibilities
2 increase team productivity.

Improved hiring process
Clarifying job descriptions makes it
easier for recruiters to meet team neeads.

+ e Boosted team morale
) o Giving everyone a specific task to
.*_ accomplish can boost team morale.

Reduced time and money spent

Aligning team members to correct job
roles reduces waste of time and money.

Fig. 3.4 Reasons to establish roles and responsibilities

e Understanding the Task: When individuals know what they are responsible for, they
can focus on their specific tasks and contribute effectively.
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e Preventing Duplication: Clear roles prevent team members from doing the same work,
which saves time and resources.

o Holding Individuals Accountable: When responsibilities are defined, it's easier to hold
individuals accountable for their work.

2. Improved Team Dynamics and Morale:
e Sense of Purpose: Knowing how their work contributes to the team's overall goals can
boost team morale and make individuals feel more engaged.
e Increased Confidence: Defining roles to align with individual strengths allows people to
take on challenges and feel more confident in their abilities.
e Reduced Conflict: When roles are clear, there's less room for confusion and potential
conflicts over who should be doing what

3. Enhanced Productivity and Efficiency:
e Focus on High-Impact Work: When individuals know their priorities, they can focus on
the most important tasks and achieve better results
o Efficient Resource Allocation: Clear roles ensure that the right people are doing the
right work, leading to more efficient use of time and resources.
e Streamlined Workflow: A well-defined workflow with clear roles ensures that tasks
flow smoothly from one individual to the next, reducing delays and bottlenecks.

4. Improved Communication and Collaboration:

e Clear Expectations: Knowing what is expected of them helps individuals communicate
more effectively with their colleagues.

o Effective Collaboration: When individuals understand their roles and responsibilities,
they can collaborate more effectively to achieve shared goals.

e Shared Understanding: A shared understanding of the workflow and individual roles
promotes a more collaborative and positive work environment

In essence, each individual's role in a workflow is a crucial building block for successful
coordination. When these roles are clearly defined and understood, the entire team benefits from
improved productivity, efficiency, and morale

3.3 Reporting structure

A clear reporting structure ensures colleagues know who they should report to and who has the
final say in decisions, which is crucial for effective coordination and collaboration. It defines the
chain of command and helps prevent confusion about who to approach for information or
decision-making. In a typical hierarchical structure, employees report to a supervisor or manager,
who in turn reports to a higher-level manager, and so on.

Here's a more detailed explanation:

1. Defining the Hierarchy:

A reporting structure outlines the formal hierarchy within an organization. It clarifies who
reports to whom, creating a clear chain of command.
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2. Types of Reporting Structures: Hierarchical: This is the most common type, with a top-
down structure where authority flows from senior management down to employees.
e Matrix: In a matrix structure, employees may report to two or more managers, which can
be helpful for cross-functional projects but can also lead to ambiguity.
o Flat: Flat structures have fewer management levels, promoting more collaboration and
direct communication.

3. Benefits of a Clear Reporting Structure:
e Clarity: Employees understand who to contact for information, decisions, or help.
e Accountability: It defines who is responsible for specific tasks or outcomes.
e Productivity: Clear lines of communication and responsibility can improve efficiency
and productivity.
e Coordination: Employees can easily coordinate their efforts with colleagues, knowing
who has the final say.

4. Implementing a Reporting Structure:
e Communication: The structure needs to be clearly communicated to all employees,
perhaps through an organizational chart or in employee handbooks.
e Training: Managers should be trained on how to effectively manage their teams and
handle reporting relationships.
o Flexibility: While a clear structure is important, it's also beneficial to be flexible and
adaptable to changing needs.

5. Reporting Lines vs. Reporting Structure:
o Reporting Lines: Refer to the specific hierarchical paths within the structure, such as an
employee reporting to their manager.
e Reporting Structure: Is the overall system that defines how the organization is
organized and how authority flows.

By establishing and clearly communicating a reporting structure, organizations can ensure
efficient coordination, improved communication, and better accountability among colleagues.

3.4 Communicating effectively

To communicate effectively with colleagues at work, prioritize active listening, use clear and
concise language, and be mindful of different communication styles. Building trust and rapport
through open communication and positive feedback can also significantly improve workplace
interactions.

Here's a more detailed look at how to communicate effectively:

1. Active Listening:
o Engage fully: Pay attention to the speaker, make eye contact, and avoid interrupting.

e Ask clarifying questions: Ensure you understand the message and address any
ambiguities.
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Provide verbal and non-verbal cues: Nodding, paraphrasing, and leaning forward show
you are actively engaged

2. Clear and Concise Communication:

Use simple language: Avoid jargon and technical terms that might confuse others.
Be specific: Provide clear instructions and expectations.
Organize your thoughts: Present information in a logical and coherent manner.

3. Adapt to Different Communication Styles:

Be aware of individual preferences: Some prefer face-to-face communication, while
others may prefer written or digital communication.

Consider cultural differences: Be mindful of variations in non-verbal communication
and communication preferences.

Use multiple communication channels: Combine different methods to cater to diverse
needs.

4. Building Trust and Rapport:

Be approachable and friendly: Create a positive and open environment for colleagues
to share ideas and concerns.

Give constructive feedback: Provide feedback that focuses on specific behaviors and
offers suggestions for improvement.

Acknowledge and praise good work: Recognize contributions and achievements to
foster a culture of appreciation.

5. Other Important Considerations:

Use body language effectively: Pay attention to your posture, facial expressions, and
tone of voice.

Be mindful of tone and language: Avoid negative or gossipy talk and maintain a
positive and respectful demeanor.

Resolve conflicts constructively: Address disagreements in a calm and respectful
manner, seeking win-win solutions.

Lead by example: Demonstrate effective communication practices to inspire others.
Encourage feedback: Create a culture where colleagues feel comfortable providing
constructive feedback to peers and managers.

3.5 Building team coordination

To build strong team coordination, focus on establishing clear communication channels, defining
roles and responsibilities, and fostering collaboration through regular meetings and shared goals.
Utilizing project management tools, celebrating successes, and encouraging open communication
will also contribute to a more cohesive team.
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Key Strategies for Building Team Coordination:

e Clear Communication: Establish clear communication protocols and channels for
information sharing within the team. This includes regular meetings, project updates, and
readily available documentation.

o Defined Roles & Responsibilities: Ensure each team member understands their specific
role and responsibilities, promoting accountability and preventing duplication of effort.

e Shared Goals & Objectives: Align team members on a common vision and goals,
fostering a sense of purpose and collaboration.

e Collaboration & Cooperation: Encourage team members to work together, share ideas,
and assist each other. This can be achieved through regular team meetings, collaborative
projects, and informal check-ins.

e Project Management Tools: Utilize project management software to track progress,
manage tasks, and facilitate communication, ensuring everyone stays on the same page.

e Celebrate Successes: Acknowledge and celebrate team achievements to boost morale,
strengthen bonds, and encourage continued teamwork.

e Open Communication & Feedback: Foster a culture where team members feel
comfortable sharing feedback, expressing concerns, and offering suggestions for
improvement.

e Regular Meetings & Updates: Schedule regular team meetings to discuss progress,
address issues, and ensure everyone is informed about key developments.

e Trust & Respect: Building trust and respect among team members is crucial for
fostering effective collaboration. This can be achieved by demonstrating integrity, acting
fairly, and valuing diverse perspectives.

e Problem-Solving & Conflict Resolution: Equip team members with the skills to
effectively identify and resolve conflicts, promoting a positive and productive work
environment.
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MCQ

1. Which of the following is an aspect of a company's policies that can influence how colleagues
are coordinated?

a) The color of office stationery

b) The CEQ's favorite food

¢) Incentives and delivery standards

d) The number of windows in the office

2. Understanding the importance of an individual's role in the workflow primarily helps in:
a) Reducing the need for communication

b) Ensuring tasks are completed efficiently and effectively

¢) Making some roles seem more important than others

d) Creating unnecessary competition among colleagues

3. A clear reporting structure in an organization helps to:
a) Confuse employees about who to report to

b) Increase the number of management layers

c) Establish lines of authority and communication

d) Make decision-making processes slower

4. Effective communication among colleagues is crucial for:

a) Avoiding all disagreements

b) Ensuring everyone has the same personality

c¢) Sharing information, clarifying expectations, and resolving issues
d) Keeping information secret to maintain power

5. Which of the following is a key element in building strong team coordination?
a) Discouraging individual contributions

b) Promoting isolation among team members

c¢) Fostering trust and mutual respect

d) Ignoring conflicts within the team

6. Company policies on personnel management directly impact:
a) The price of office supplies

b) The location of the company's headquarters

c) How employees are hired, trained, and evaluated

d) The type of coffee served in the breakroom

7. When an individual understands how their work contributes to the overall workflow, it can
lead to:

a) Decreased motivation

b) A feeling of insignificance

¢) Increased sense of purpose and accountability

d) More errors in their work
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8. A poorly defined reporting structure can result in:

a) Enhanced collaboration

b) Faster decision-making

c¢) Confusion about responsibilities and communication breakdowns
d) Increased employee autonomy

9. Which of the following is NOT a characteristic of effective communication at work?
a) Clarity and conciseness

b) Active listening

¢) Ambiguity and indirectness

d) Respectful tone

10. Building team coordination often involves:

a) Creating silos between different departments

b) Focusing solely on individual achievements

¢) Encouraging collaboration and shared goals

d) Ignoring the diverse perspectives of team members

MCQ ANSWERS

¢) Incentives and delivery standards

b) Ensuring tasks are completed efficiently and effectively

c) Establish lines of authority and communication

c¢) Sharing information, clarifying expectations, and resolving issues
c¢) Fostering trust and mutual respect

c) How employees are hired, trained, and evaluated

c) Increased sense of purpose and accountability

c¢) Confusion about responsibilities and communication breakdowns
c) Ambiguity and indirectness

. ¢) Encouraging collaboration and shared goals

Short Questions

Briefly explain how company policies on incentives can impact team coordination.
Why is understanding an individual's role in the workflow important for overall team efficiency?
In a workplace, what is the primary purpose of a clear reporting structure?

Identify two key elements of effective communication that contribute to better coordination
among colleagues.

What is one practical strategy for building stronger team coordination in a work environment?
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1.

Long Questions

Discuss the interconnectedness of company policies (on incentives, delivery standards, and
personnel management) in fostering a collaborative and productive work environment. Provide
specific examples of how these policies can either support or hinder effective coordination
among colleagues.

Elaborate on the significance of recognizing each individual's contribution to the workflow. How
does this understanding influence motivation, accountability, and ultimately, the ability of a team
to coordinate effectively and achieve its goals?

Analyze the role of effective communication and a well-defined reporting structure in navigating
workplace challenges and promoting seamless coordination. Consider potential issues that might
arise from poor communication or an ambiguous reporting structure and suggest strategies to
mitigate these challenges.

QR Code

http://www.youtube.com/watch?v=4GNQj2K9I14A
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Unit 4: Safety at workplace

4.1 Maintaining the work area safe and secure

Maintaining a safe and secure work area involves a combination of physical security measures,
hazard identification and prevention, and ongoing safety training and awareness programs. This
includes keeping the workplace clean and organized, utilizing appropriate safety equipment, and
having clear communication and reporting systems for any safety concerns.

Here's a more detailed breakdown of key elements:

1. Physical Security and Workplace Organization:

Cleanliness and Organization: Regularly clean and organize the workplace to remove
tripping hazards, spills, and other potential dangers.

Access Control: Implement access control measures like security badges, designated
entry points, and restricted areas (e.g., HR, accounting) to limit unauthorized access.
Clear Visual Aids: Use labels, signs, and color codes to clearly communicate safety
hazards and instructions.

Emergency Exits: Ensure emergency exits are clear, unobstructed, and readily
accessible.

Proper Storage: Store materials and equipment safely, using appropriate containers and
shelves.

2. Hazard Identification and Prevention:

Regular Inspections: Conduct routine workplace inspections to identify potential
hazards and assess the effectiveness of safety measures.

Risk Assessments: Perform risk assessments to identify potential hazards and implement
appropriate controls

Reporting System: Establish a clear reporting system for near misses, incidents, and
unsafe conditions.

Safety Equipment: Provide and maintain necessary personal protective equipment (PPE)
and other safety tools

Equipment Maintenance: Ensure equipment and tools are in good working order and
regularly maintained.

3. Safety Training and Awareness:

Training Programs: Provide comprehensive safety training to employees, including safe
work practices, emergency procedures, and the use of safety equipment.

Emergency Drills: Conduct regular emergency drills to prepare employees for potential
incidents.

Open Communication: Foster open communication about safety concerns and
encourage employees to report any issues.

Safety Culture: Promote a strong safety culture where safety is valued and prioritized at
all levels.
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4. Additional Considerations:

o Situational Awareness: Encourage employees to be aware of their surroundings and
potential hazards.

e Proper Use of Equipment: Train employees on the proper use of tools, equipment, and
machinery.

e Workplace Culture: Promote a positive and supportive work environment where
employees feel comfortable reporting safety concerns.

e Legal Compliance: Ensure compliance with all relevant safety regulations and
standards.

By implementing these measures, businesses can create a safer and more secure work
environment for all employees, reducing the risk of accidents and injuries.

4.2 Handling hazardous material

Safe handling of hazardous materials in the workplace requires a multi-faceted approach,
including thorough training, proper use of personal protective equipment (PPE), strict adherence
to safety procedures, and effective storage and disposal practices. Key elements involve
understanding material hazards, reading and understanding Safety Data Sheets (SDSs), and
maintaining a clean and organized work environment.

Here's a more detailed look at crucial aspects:

1. Training and Knowledge:

o Hazard Identification: Recognize and understand the specific hazards associated with
the materials being handled, including flammability, toxicity, corrosiveness, and
reactivity.

e SDS Understanding: Familiarize yourself with Safety Data Sheets (SDSs), which
provide comprehensive information on proper handling, storage, and disposal procedures,
as well as emergency response measures.

e Training Programs: Receive comprehensive training on safe handling practices,
emergency procedures, and the use of PPE.

2. Personal Protective Equipment (PPE):
o Appropriate Gear: Wear the appropriate PPE for the specific hazards, including gloves,
goggles, face shields, respirators, and protective clothing.
o Inspection and Maintenance: Inspect PPE before use and ensure it's properly
maintained and replaced when needed.

3. Safe Handling Procedures:
o Adherence to Procedures: Follow established procedures and protocols for handling,
storage, and disposal of hazardous materials
e Proper Containerization: Use appropriate containers for storage, ensuring they are
properly labeled and in good condition
e Preventing Contamination: Avoid eating, drinking, or smoking while handling
hazardous materials, and wash hands thoroughly after use
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4. Storage and Disposal:
e Proper Storage: Store hazardous materials in designated areas, away from incompatible
materials and sources of ignition, following established storage guidelines.
e Waste Disposal: Dispose of hazardous waste properly, adhering to all applicable
regulations and guidelines

S. Emergency Preparedness:
e Emergency Procedures: Understand and be familiar with emergency procedures,
including evacuation plans, spill cleanup procedures, and first-aid protocols.
e Emergency Equipment: Know the location and operation of emergency equipment,
such as eyewash stations, showers, and spill kits.

6. Maintaining a Safe Work Environment:
e Cleanliness: Keep the work area clean and organized to minimize the risk of spills and
accidents.
o Housekeeping: Implement regular housekeeping practices, including proper cleaning of
spills and maintaining emergency equipment.

4.3 Operating hazardous tools and equipment

Operating hazardous tools and equipment safely at the workplace requires thorough training,
understanding of operating procedures, and adherence to safety guidelines. Employees should be
trained on specific equipment, wear appropriate personal protective equipment (PPE), and
maintain tools regularly. Regular inspections, reporting of hazards, and adhering to safe work
instructions are crucial for preventing injuries and ensuring a safe working environment.

Key Safety Practices:

e Training and Competency: Ensure all employees are fully trained on the specific tools
and equipment they operate, including understanding operating procedures, safety
precautions, and emergency protocols.

e Personal Protective Equipment (PPE): Wear the correct PPE for the job, which may
include safety glasses, gloves, hearing protection, and appropriate footwear.

o Inspection and Maintenance: Regularly inspect tools and equipment for damage or
wear and tear, and ensure they are properly maintained.

o Safe Work Procedures: Adhere to established safe work procedures, including proper
lifting techniques, using the right tools for the job, and following lockout/tagout
procedures.

o Hazard Identification and Control: Identify potential hazards associated with the tools
and equipment, and implement appropriate controls to mitigate risks.

o Reporting Unsafe Conditions: Report any unsafe conditions or near misses immediately
to supervisors or safety personnel

e Emergency Preparedness: Familiarize yourself with emergency procedures, including
evacuation plans, first aid, and emergency contact information.

Specific Examples:
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Power Tools: Ensure electrical cords are in good condition, and avoid overloading power
outlets.

Cutting Tools: Keep cutting tools sharp and in good condition, and use proper guards
and handling techniques.

Machinery: Ensure guards are in place and functioning properly, and adhere to safe
operating procedures.

Chemicals: Follow safe handling procedures for hazardous chemicals, including using
appropriate PPE and following storage and disposal guidelines.

Heavy Equipment: Ensure all operators are properly trained and certified, and use
appropriate safety equipment.

By following these safety practices, workplaces can minimize the risk of accidents and injuries
associated with operating hazardous tools and equipment.

4.4 Emergency procedures to be followed such as fire accidents, etc.

In the event of a fire or other workplace emergency, the first step is to alert others and evacuate
the building if possible. If the fire is small and you are trained, you can attempt to extinguish it
with a fire extinguisher, but prioritize safety and evacuate if you are not confident or the fire is
too large. Follow the designated evacuation route to a safe assembly area and stay there until
instructed to return by emergency responders.

Fire Emergency Procedures:

1.
2.

Alert i assembly area. Close doors and windows if time allows

If Route is Dangerous: If your evacuation route has excessive smoke or heat, remain in
your work area, stuff cracks around the door, open windows if possible, and signal for
help.

Use Fire Extinguisher (if trained and safe): If the fire is small and you are trained, use
a fire extinguisher to extinguish it. Remember the PASS method: Pull the pin, Aim at the
base of the fire, Squeeze the handle, Sweep from side to side.

Do Not Re-enter: Do not re-enter the building until instructed by emergency responders.

Report the Fire: Call the local emergency number from a safe location to report the fire
and its location.

Stay Out: After evacuating, stay at the designated assembly area and do not re-enter the
building unless instructed.

General Emergency Procedures:

1.

AN

Assess the Situation: Quickly assess the nature of the emergency and determine the
appropriate course of action.

Notify Others: Alert colleagues and emergency services if necessary.

Follow Evacuation Plan: Follow the designated evacuation route and assembly area
Assist Others: If safe to do so, assist others in evacuating.

Do Not Return: Do not return to the building until instructed by emergency responders.
Report the Emergency: Report the emergency to the appropriate authority, such as the
fire department or campus security.
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7. Cooperate with Authorities: Cooperate with emergency responders and follow their
instructions.

Important Considerations:

o Designated Assembly Area: Know the location of the designated assembly area for your
building.

o Emergency Routes: Be familiar with the evacuation routes and exits in your building.

e Fire Extinguisher Training: Be trained on how to use a fire extinguisher if you are
responsible for doing so.

e Regular Drills: Participate in regular fire drills and other emergency preparedness
exercises.

e Communication: Establish clear communication channels for alerting others and
reporting emergencies.

QR Code

https://en.m.wikipedia.org/wiki/Occupational safety and_ health?hl
=en-US
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MCQ

1. What is the primary goal of maintaining a safe and secure work area?
(a) To increase productivity.

(b) To minimize the risk of accidents and injuries.

(c) To make the workplace look organized.

(d) To reduce the need for safety training.

2. Which of the following is a key practice for maintaining a safe work area?
(a) Leaving spills unattended if they are small.

(b) Blocking emergency exits for convenience.

(c) Ensuring clear pathways and walkways.

(d) Storing tools and equipment in any available space.

3. When handling hazardous materials, what is the first and most crucial step?
(a) Rinsing the container thoroughly after use.

(b) Ensuring adequate ventilation in the work area.

(c) Identifying the specific hazards associated with the material.

(d) Wearing any available personal protective equipment (PPE).

4. Safety Data Sheets (SDS) provide essential information about:
(a) The company's financial performance.

(b) The proper use and hazards of chemical substances.

(c) Employee contact information.

(d) The history of workplace accidents.

5. Before operating any hazardous tool or equipment, what should you always do?
(a) Assume you know how it works based on similar tools.

(b) Quickly scan the user manual if available.

(c) Receive proper training and understand the operating instructions.

(d) Rely on the experience of nearby colleagues.

6. Which of the following is a critical safety measure when operating power tools?
(a) Wearing loose clothing and jewelry.

(b) Ensuring the tool's safety guards are in place and functioning.

(c) Using the tool for tasks it was not designed for.

(d) Ignoring unusual noises or vibrations.

7. In the event of a fire in the workplace, what is the first action you should typically take?
(a) Try to extinguish the fire yourself, regardless of its size.

(b) Immediately evacuate the area and activate the fire alarm.

(c) Gather your personal belongings before leaving.

(d) Open all windows and doors to ventilate the smoke.

8. What is the purpose of having designated emergency assembly points?

(a) To store emergency equipment.
(b) To provide a safe location to account for everyone after an evacuation.
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(c) To serve as a meeting place for managers during an emergency.
(d) To direct emergency responders to the exact location of the incident.

9. Which of the following is an important element of emergency preparedness?
(a) Keeping emergency contact information confidential.

(b) Knowing the location of first-aid kits and emergency exits.

(c) Assuming that someone else will handle the emergency.

(d) Blocking emergency exits to prevent unauthorized access.

10. After an emergency situation has been resolved and it's safe to return, what is an important
step to take?

(a) Immediately resume normal work activities.

(b) Participate in any post-incident review or investigation.

(c) Avoid discussing the incident with colleagues.

(d) Dispose of any damaged equipment without reporting it.

MCQ Answers

(b) To minimize the risk of accidents and injuries.

(c) Ensuring clear pathways and walkways.

(c) Identifying the specific hazards associated with the material.

(b) The proper use and hazards of chemical substances

(c) Receive proper training and understand the operating instructions.

(b) Ensuring the tool's safety guards are in place and functioning.

(b) Immediately evacuate the area and activate the fire alarm.

(b) To provide a safe location to account for everyone after an evacuation.
(b) Knowing the location of first-aid kits and emergency exits

(b) Participate in any post-incident review or investigation.

Short Questions

List two key practices for maintaining a safe and secure work area.

What is the significance of Safety Data Sheets (SDS) when handling hazardous materials?
Why is it crucial to receive proper training before operating hazardous tools and equipment?
Describe the immediate steps to take if you discover a fire in your workplace.

What is the purpose of designated emergency assembly points during an evacuation?

Long Questions
Discuss in detail the various aspects of maintaining a safe and secure work area. Consider factors
such as housekeeping, hazard identification, and preventative measures. Provide examples for
each aspect.
Explain the essential procedures and precautions that should be followed when handling
hazardous materials in the workplace. Your answer should cover identification, storage, usage,
and disposal of such materials.
Describe the key elements of effective emergency preparedness and response in a workplace.
Include procedures for different types of emergencies (like fire and medical incidents), the
importance of communication, and the role of emergency drills.
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Unit 5: Concept of solar tracking system

Introduction

In the current scenario, the load demand for energy increases daily, and the current resources for
feeding the electrical load demands are not sufficient. The electrical load fluctuates throughout
the day, and to fulfil these energy demands, renewable energy is highly important because
research on renewable energy is trending. Fossil fuels release greenhouse gases such as carbon
dioxide, trapping heat and causing global warming. Renewables such as solar, wind, and
geothermal energy produce no greenhouse gases that mitigate climate change impacts. As
renewable energy is abundant in nature in the form of sunlight and wind, the use of these
renewable resources for power production makes the power system efficient and smart. This
decentralization makes the grid less vulnerable to single-point failures and improves overall
resilience. Solar panels convert sunlight directly into electricity for utility-scale power plants,
and solar thermal systems capture heat from the sun for water heating, space heating, and
industrial processes. To increase the efficiency of solar panels, a solar tracking strategy is used
by automatically adjusting the angle of the panels throughout the day to directly face the sun, and
trackers can generate 20%—40% more energy than statically mounted panels can generate.

This approach can be particularly advantageous in regions with ample sunshine that benefits the
most from increased sun exposure. When space is limited, maximizing energy per unit area
becomes crucial; if electricity costs vary depending on the time of day, trackers can optimize
generation during peak periods.

An automatic solar tracking system (STS) is an emerging technology that rotates a solar panel or
solar concentrator to various positions throughout the day by monitoring the current position and
path of the sun. The main aim of any automatic STS is to maximize the amount of sunlight that
the solar concentrator or module will receive, resulting in the maximization of the overall energy
outputs of the system. Solar tracking can be performed in two ways: single-axis tracking and
double-axis tracking. Here, the single-axis STS is used to adjust the angle and position of the
solar panel or collector in one direction following the path of the sun (often east to west), and the
dual-axis tracker is used to adjust the solar panel and collector in two directions. Many studies on
solar energy have analysed solar energy markets in India, as it is the second most populated
nation in the world and is experiencing a continuous increase in electric power demand.
Consequently, the government is exploring renewable energy sources as viable substitutes for
traditional supplies.

Currently, India’s utilization of renewable energy is positioned fifth globally and is increasing,
comprising 13.22% of the aggregate energy consumption in the form of solar energy. Hence, in
this study, the current investigation involved the modelling of any substantial 20 MW solar
photovoltaic (PV) power facility to evaluate its technological and economic efficacy. This
evaluation was conducted via the system advisor model (SAM). In 2022, the global market for
solar trackers was valued at $3.2 billion. By 2033, the market is expected to grow, reaching a
value of approximately $7.2 billion. It is anticipated that solar tracker sales will increase in
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tandem with the growing awareness of energy conservation and the shift towards renewable
energy sources. A variety of electrical components are utilized by solar trackers, including
actuators and sensors, to assist the solar collector in concentrating sunlight to capture energy.
This study presents a comprehensive analysis of various solar tracking technologies, categorizing
them based on several key parameters, such as the number of axes they utilize, the activity level
of the tracking unit, the control strategies employed, and the specific tracking methodologies
implemented. This literature review helps readers understand the latest advancements in STS and
the variability of their parameters. It also traces the path of the sun and shows how solar
insolation changes over time, which is applicable to any latitude or longitude. Additionally, this
review compares data based on criteria such as the axis of rotation, tracking method, accuracy,
and energy efficiency

5.1. Solar tracking parameters

The azimuth and elevation angles are the main sun-tracking parameters that are essential for
maximizing solar energy acquisition. Solar panels are directed toward the sun as it moves across
the sky during the day because the azimuth angle tells us the horizontal direction of the sun
concerning the observer’s position on Earth. In contrast, the elevation angle refers to the vertical
angle of the sun above the horizon and is used to tilt solar panels to maximize the amount of
solar energy that reaches them.

Table 1. Parameters to be considered before framing the STS for installations.

Factors to be considered Description

Tracking method To determine the tracking method axis or dual axis:
* 25%~30% performance gain for a single axis.
s Burnps up the performance by another 5%-10% in dual axis.

Tracking accuracy » Determined by energy demands, available solar resources, and precision requirements.
« Higher precision ranging from 0.5° to 1° often leads to increased energy output but may
increase complexity and cost.

Tracking range « Single axis typically covers 1280° from east to west.
« Dual axis has a greater range for tracking azimuth and elevation of the sun.
 180°-360° for azimuth, allowing for full east-west tracking.
« The elevation range can span from 0° to 90°.

Mounting type s Fixed axis in which panels are tilted along a fixed axis.
« Polar-aligned where panels are aligned parallel to the Earth's axis.
Sensor type Sensors like LDRs, photodiodes, or digital sun sensors provide feedback for the tracking
systern to adjust panel position.
Control system The controller and software receive sensor information to adjust panel position using motors
or actuators.
Power supply It can be powered by the panels themselves or a separate source like batteries or smaller

solar panels.

Durability and resistance Materials and construction should withstand various weather conditions including wind,
rain, snow, and ternperature fluctuations.

Maintenance and servicing Accessibility to components, lubrication needs, recalibration requirements, and overall ease
of maintenance should be considered during design.

Cost and budget Installation costs, ongeing maintenance, and potential return on investment through
increased energy production.

LDR, light-dependent resistor.

Table 1
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STS can guarantee that panels are always positioned optimally for maximum energy production
by dynamically adjusting these angles based on variables such as the time of day, date, latitude,
and even weather. This greatly improves the efficiency and output of solar power installations.
Table 1 presents the parameters that should be considered before framing the solar tracking
strategy.

The angle at which the solar panels are inclined about the horizontal plane is known as the tilt
angle of a STS. This angle fluctuates based on the latitude of the installation site, the time of day,
and the season. This is essential for maximizing the quantity of solar energy captured by the
panels throughout the day. The tracking system usually dynamically adjusts the tilt angle to
ensure that the panels are oriented to receive the most sunlight possible, which maximizes the
energy output. STS can dramatically increase the total efficiency of solar power generation by
continuously modifying the tilt angle in response to the position of the sun.

The tilt angle is also a mandatory parameter for solar tracking in which the solar panels are
inclined about the horizontal plane and is known as the tilt angle of a STS. This angle fluctuates
based on the latitude of the installation site, the time of day, and the season. This is essential for
maximizing the quantity of solar energy captured by the panels throughout the day. The tracking
system usually dynamically adjusts the tilt angle to ensure that the panels are oriented to receive
the most sunlight possible, which maximizes the energy output. STS can dramatically increase
the total efficiency of solar power generation by continuously modifying the tilt angle in
response to the position of the sun. The equations related to STS are as follows.

Single-axis tracking panel tilt angle (0):

0=0¢+p *sin (o) (1)

where, 0 = tilt angle of the solar panel in degrees (°), ¢ = latitude of the location in degrees (°), B
= slope angle of the panel concerning the horizontal in degrees (°), and ® = hour angle (°)

Dual-axis tracking panel tilt angle (0):
0 = Asin (cos (Z) * sin (A)) (2)

where 0 = tilt angle of the solar panel, Z = solar zenith angle, and A = solar azimuth angle.
Figure 5.1a shows the periodic variation in the angle of the sun concerning the equatorial plane
that occurs periodically throughout the year due to the axial inclination of the Earth. Biannually,
during the equinox, the hour angle and solar declination are depicted in the second figure about
an equatorial plane. During these specified time intervals, the Sun’s angle to the equatorial plane
is precisely zero, indicating that it is situated directly above the equator. The solstices, which
occur around June 21 and December 21, designate the moment when the solar angle becomes at
its greatest value relative to the equatorial plane. In the Northern Hemisphere, the summer
solstice takes place around the 21st of June, when the sun reaches its highest point approximately
23.5° above the equatorial plane.

The sun is perceived to be directly overhead at 23.5° in northern latitude, which is the Tropic of
Cancer. In contrast, the Tropic of Capricorn, located at 23.5° south latitude, exhibits the sun’s
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apparent aspect at its minimum. The Sun achieves its minimum angle below the equatorial plane
in the Northern Hemisphere on December 21, deviating by approximately 23.5°, in the winter
solstice season. As a result, the Sun is positioned perpendicular to the Tropic of Capricorn in the
atmosphere, whereas its minimal elevation is perceived from the Tropic of Cancer. The
equinoxes, which occur around the 20th of March and the 22nd of September, are distinguished
by the Sun’s angle of 0° concerning the equatorial plane. As a result, the Sun is perceived to be
positioned directly above the equator.

Figure 5.1b shows that the azimuth angle in an automatic STS is an angle between a solar panel

and the position of the sun along the observer’s horizon.
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Fig. 5.1 (a) Hour angles and solar declination, Fig. 5.1 (b) azimuth angle, Fig. 5.1 (c) zenith
angle, Fig. 5.1 (d) elevation with the position of the observer

An azimuth solar angle for the sun is depicted; it is the horizontal angle that determines the
optimal orientation for solar panels to receive maximum sunlight .

Solar azimuth angle (A):
A = atan2 (sin (®) , (cos (¢) * tan () - sin (¢) * cos (®))) 3)

where, A = solar azimuth angle, ® = hour angle, ¢ = latitude of the location, and & = declination
angle [all parameters are in degrees (°)].
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The variation in the angle of a sun with an equatorial plane is caused by the axial tilt of the Earth
and occurs periodically over a year. Figure 5.1a shows the hour angle and solar declination about
an equatorial plane biannually during the equinox. During these periods, the Sun’s angle to the
equatorial plane is nil, indicating that the Sun is positioned above the equator. The solstices,
which take place approximately on June 21 and December 21, mark the point at which the angle
of a sun concerning the equatorial plane reaches its highest value. In particular, in the Northern
Hemisphere, the sun attains its maximum altitude above the equatorial plane, which is
approximately 23.5 degrees, during the summer solstice occurring around June 21. Over the
Tropic of Cancer, which is located at 23.5° north latitude, the Sun is observed to be overhead.
Conversely, at the Tropic of Capricorn, which is situated at 23.5° south latitude, the Sun is
perceived to be at its lowest angle in the sky. By December 21st in the Northern Hemisphere, the
Sun reaches its lowest angle below the equatorial plane, which is approximately 23.5° during the
winter solstice. Consequently, the Sun is positioned perpendicularly above the Tropic of
Capricorn, whereas it is situated at its minimum elevation in the atmosphere when observed from
the Tropic of Cancer. The equinoxes, which take place approximately on March 20 and
September 22, are characterized by the sun’s angle relative to the equatorial plane being zero.
Consequently, the Sun is observed to be directly overhead at the equator.

The zenith angle (Fig. 5.1¢) in a solar tracker pertains to the angular measurement between the
location of the sun in the sky and a vertical axis. The altitude of the sun above the horizon is
determined by the vertical angle. The zenith angle fluctuates throughout the day because of the
rotation of the sun across the sky, and the latitude of the installation site of the solar panels is a
determining factor in the variability of the zenith angle. Research into tracking systems started
immediately after the creation of solar systems in the middle of the 19th century. Different
tracking system types, drives, designs, and tracking tactics were defined along with the evolution
of tracking systems in this study. This study claims that this survey will help researchers and
practicing engineers choose the best control and structure algorithm for real-time applications as
a foundation for further advancements in current methods in India, which has broad latitude and
longitude and peak climatic and seasonal variations.

Solar zenith angle (Z):
Z = acos (sin (¢) * sin (8) + cos (¢) * cos (d) * cos (®)) 4)

where, Z = zenith angle, ¢ = latitude of the location, 6 = declination angle, and ® = hour angle,
[all parameters are in degrees (°)]. Figure 5.1d shows the fluctuation in the altitude angle of the
sun during the day, as it traverses from the eastern to the western horizon. During times of
sunrise and sunset, the altitude angle of the sun is 0°, indicating that the sun is positioned parallel
to the horizon. The sun is at its peak point during the noon hour, creating the day’s greatest
height angle. The geographic coordinates of the observer and the data affect this value.

5.2. Tracing of the sun’s path to develop an automatic STS

Figure 5.2 shows the solar insolation in kilowatts per square metre (kW/m2) per month in the
northern region of India. The graph shows how solar insolation varies over the 12 months of the
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year. STS have the potential to increase the efficiency and output of solar applications. The
principal objective of this research endeavour is to ascertain the viability of STS that incorporate
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Figure 5.2. Annual solar insolation in kilowatts per square metre (kW/m2) for the
northern region of India.

multiple-axis systems and geographic locations. The cost increase associated with increasing
power output counterbalances the benefit gained from single-axis tracking compared with dual-
axis tracking, rendering the distinction between the two relatively insignificant .
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Figure 5.3. Monthly solar isolation (in kW/m2) throughout the year from 2009 to 2024.
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In regard to increasing the efficiency of an automatic solar tracker, one of the most important
aspects to consider is the length of the sunny day as well as the amount of solar insolation (as
shown in Fig. 5.3. The figure shows how the solar insolation changes as the sun travels across
the sky. A STS is designed to ensure that solar panels and other equipment continue to be
oriented in a direction that is directly toward the sun. The length of a solar day not only changes
depending on the season but also changes depending on where an observer is located on the
surface of the Earth. Using a method that considers these fluctuations and calculates the location
of the sun at various times throughout the day and year, it is possible to compute the day that the
sun is visible to the Earth for a STS.
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Fig. 5.4 Average minimum and maximum temperatures in degree Celsius per month via
Visualisation of Earth Observation Data and Archival System (VEDAS).

To create a solar heatmap via VEDAS, as shown in Fig. 5.4, a 3D model of the site was
generated via VEDAS modelling tools. The software then uses data on the site’s latitude,
longitude, and altitude to calculate the path of the sun over different value times per day and
year. Using this information, VEDAS calculates the shading caused by surrounding buildings,
trees, and other objects, as well as the shading caused by the building itself. The model includes
information about the height and location of buildings, trees, and other objects that could cast
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shadows; by using this method, a solar heatmap for different latitudes and longitudes for the
shadow analysis of any location can be obtained.

5.3. Classification of the STS and its comparative analysis based on
different parameters

Based on the number of axes, the STS is classified into two types: single-axis trackers and dual-
axis trackers. Here, the singleaxis trackers are further divided into four parts, i.e. horizontal
single-axis trackers (HSATs), vertical single-axis trackers (VSATSs), polar-aligned single-axis
trackers, and tilted single-axis trackers. The dual-axis trackers can be further divided into two
types : tip-tilt dual-axis trackers (TTDATSs) and azimuth-altitude dualaxis trackers (AADATS), as
shown in Fig. 5.5.

Types of Solar Trackers
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Fig. 5.5. Classification of the STS on axes.

There are two types of STS based on the number of axes: single-axis trackers and dual-axis
trackers:

5.3.1 Single-axis trackers

A single-axis tracker is a form of solar tracker that follows the movement of the sun along a
single axis. Depending on the design, the axis of rotation usually aligns with the north—south or
east—west axis. Single-axis trackers are a common component of solar panel tracking systems
and are commonly used in utilityscale solar projects to increase the quantity of energy generated
by solar panels. By monitoring the sun’s movement, solar panels can maintain a perpendicular
angle with the sun’s rays, maximizing the energy captured. Depending on the design and
location, single-axis solar trackers can maximize the generation of energy by up to 25%
compared with fixed-tilt solar systems. Nevertheless, single-axis trackers are typically more
costly to install and maintain than fixed-tilt systems are; thus, the economic viability of trackers
depends on the specific project and location. A single-axis tracker simply refers to the fact that it
has a single rotational axis.
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5.3.1.1 Horizontal single-axis trackers

An HSAT (Fig. 5.6 a) rotates to track the east-west path of the sun. Since the rotation axis
matches the east—west axis, the solar panels tilt east—west as the sun moves. Utility-scale solar
projects use HSATs because they can increase energy production by 25% over that of fixed-tilt
systems. By monitoring the sun, solar panels can maximize energy collection while facing
perpendicularly. HSATs use less acreage than fixed-tilt devices do. The panels can be closer
together because they do not cast shadows on each other during the path of the sun. Owing to
their simplicity, HSATs require less maintenance than other STS do.

5.3.1.2 Vertical single-axis trackers

A VSAT (Fig. 5.6 b) enables solar panels to rotate on a vertical axis while tracking the path of
the sun from east to west. Typically, this

form of tracker is made up of several vertically positioned poles or columns that each support a
horizontal beam or arm that holds the solar panel array. The involvement of a motor in the
vertical single-axis tracking system facilitates the rotation of the array along the vertical axis of
the sun, thereby ensuring that the panel remains perpendicular (90°) to the rays of the sun over
the course of the day. The implementation of movable solar panels enables the panels to capture
a greater amount of sunlight, resulting in increased energy generation in comparison to the
stationary PV system. Compared with other tracking systems, the VSAT is a solar panel tracker
that boasts a comparatively uncomplicated design and is generally more cost-effective in terms
of installation and upkeep.

a  Horizontal Axis b Vertical Axis

A
W £

Fig. 5.6 (a) Directional movement of the HSAT and Fig. 5.6 (b) directional movement of
the vertical single-axis solar tracker

5.3.1.3 Tilted single-axis trackers

The tilted single-axis tracker is the solar panel mounting system that enables the rotation of the
solar panels on a single axis while being inclined at an angle to the ground, as shown in Fig.
5.7a. This tracking mechanism is typically composed of a sequence of vertical poles or columns
that are securely installed into the Earth at a predetermined inclination. Each pole is responsible
for sustaining a level, horizontal beam or arm that accommodates the solar panel array. A tilted
single-axis tracking system uses a motor to spin the array. This device helps keep panels
perpendicular to the light all day. The permanent mounting framework maximizes the angle of
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contact between the sunbeams and the solar panel array, increasing the energy yield, flexibility,
and adaptability, which are advantages of a tilted single-axis tracker over a vertical tracker .

5.3.1.4 Polar-aligned single-axis trackers

The polar-aligned single-axis solar tracker (shown in Fig. 5.7 b) is a type of solar tracker that
moves solar panels along a single axis of rotation to follow the position of the sun throughout the
day. Unlike fixed solar panels, which are stationary, polar-aligned single-axis trackers move in a
horizontal or vertical direction, depending upon the orientation of the rotation axis . Polaraligned
single-axis STS are simpler and less expensive than dualaxis trackers, which track the sun
horizontally and vertically.

Polar-aligned single-axis tracking systems can increase energy production by 25% over that of
fixed STS. A well-equipped ascending telescope with a tilted single axis aligns with the polar
star’s rotation axis.

Polar axis >

Rear side

Fig. 5.7. (a) Directional movement of the polar-aligned single-axis tracker. (b) Tilted single-
axis tracker

5.3.2 Dual-axis trackers

The dual-axis STS is designed to revolve around a stationary vertical axis, while the panels are

affixed to a secondary horizontal axis that synchronizes with the primary axis rotation. This STS
is designed to trace the trajectory of the sun by rotating along two axes, thereby enabling the
solar panels to remain oriented perpendicular to the sun’s rays for the day. The device monitors
the daily progression of the sun’s movement from east to west, as well as its seasonal shift from
east to north or south. The phenomenon of moving from east to west is commonly referred to as
the zenith angle, whereas the movement from east to north or south that occurs annually is
known as the azimuth angle. The solar tracker facilitates the attainment of optimal solar energy
by tracking the sun’s movement both vertically and horizontally. The solar output will increase
by 40%—-45%. They were classified by the orientation of their primary axis about the ground.
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This tracker has two standard implementations—TTDAT and AADAT—which are detailed in
the following sections.

5.3.2.1 Tip-tilt dual-axis trackers

TTDATS are solar tracking technologies that facilitate the adjustment of solar panels along two
axes, enabling them to track the trajectory of the sun throughout the day. The trackers employ a
dual-axis rotation mechanism, whereby one axis is utilized for vertical panel tilting and the other
for horizontal rotation. The tip-tilt mechanism is employed to maintain the panel’s alignment
with the sun throughout the day, despite the movement of the sun across the sky. The sensors of
the solar tracker can find the precise position of the sun, and subsequently, the control system of
the tracker can make necessary adjustments to the position of the solar panel to optimize the
amount of solar radiation it receives. Tip-tilt axis trackers have the potential to increase the
efficacy of solar panels by up to 40%, in contrast to stationary installations.

5.3.2.2 Azimuth-altitude dual-axis trackers

AADATS represent a distinct category of STS that enable the repositioning of solar panels along
two axes. Azimuth-altitude trackers employ a dual-axis rotation system, whereby one axis
facilitates horizontal rotation of the panel, whereas the other axis enables vertical adjustment of
its angle. The panel’s orientation is controlled by two axes: the horizontal axis facilitates rotation
to track the movement of the sun across the sky, and the vertical axis enables adjustment of the
panel’s angle to optimize sunlight absorption over the day.

Figure 5.8 shows how the solar trackers are classified based on two types of control strategies,
i.e. open loops and closed loops, which are based on tracking strategies, and unit tracking, which
has passive and active solar trackers.

Types of Solar Trackers
¥ T ¥
On the basis of Control On the basis of Tracking On the basis of Activity of
Strategies Strategies Unit Tracking
T ¥ T T L J T

Open Closed Microprocessor Passive Active

Loop Loop Sensors, date and Solar Solar
and time Based Microcontroller Tracker Tracker

based

Fig. 5.8 Classification of solar trackers based on different strategies
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5.3.3 Types of STS based on the activity of the tracking unit

With respect to cost, complexity, efficiency, and upkeep, every variety of STS possesses distinct
merits and demerits. Location, available resources, energy output requirements, and the trade-off
between initial investment and long-term benefits are frequently determinants in system
selection.

5.3.3.1 Passive solar trackers

To create a passive solar tracker, two identical cylindrical tubes are spaced equally from the
centre pivot and positioned on either side of the solar panel. Each tube contains fluid that is
under partial pressure. Damping the movement slows it down. This simple setup not only is easy
to build but also uses zero power from the PV cell. However, every morning, it sets out with an
erroneous orientation, trying to change its position while avoiding the sun. When cylinders are
filled with refrigerants, choosing the right cylinder is important. Despite these limitations, the
approach is extensively utilized. The energy efficiency of passive sun trackers using holographic
gratings was determined theoretically and practically. In central Russia, they improve solar panel
signals in ‘smart’ windows by 20%. A 35% signal enhancement is possible by increasing the
angular selectivity contour of the gratings while maintaining good diffraction efficiency. This
can be accomplished by creating novel materials with refractive index modulations greater than
0.1 and recording layers approximately 3 m thick or by using well-known hybrid diffractive
structures that relieve a volume grating.

5.3.3.2 Active solar trackers

STS, known as active solar trackers, employ motors and sensors and control electronics to rotate
solar collectors or panels according to the position of the sun in the sky. Although more
expensive and complex than passive solar trackers are, active solar trackers can offer greater
accuracy and energy output. The tracker controller, the sensors, the actuator, and the solar panel
mount are the four essential parts of an active solar tracker. The tracker controller uses data from
sensors to determine the best angle for the solar panel by analysing the position and intensity of
the sun. The solar panel mount is moved to the desired position by the actuator, which is

typically a motor or a linear actuator.
Sensor 1 ]
Photowoltic Panel
I I Sensor—E 1
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Fig. 5.9. Control process of an active solar tracker using the comparator and signal
subtracter.
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Active solar trackers (shown in Fig. 5.9) optimize the placement of solar panels for optimum
energy production through the implementation of a meticulous control process. A sequence of
steps is orchestrated by sensors, actuators, and a controller tocomplete this complex procedure.
By incorporating these data in conjunction with the panel orientation, the controller computes the
optimal panel alignment. Next, the actuators receive signals that initiate precise movements,
which in turn reposition the panels. By consistently monitoring the position of the panels and
utilizing feedback control to refine alignment, the controller guarantees that the panels maintain
their perpendicular to the sun’s beams. During this dynamic adjustment process, the solar panels
produce electrical energy by taking advantage of the most favourable sunlight conditions. The
generated energy is either directly used to power a variety of devices or stored in batteries for
subsequent utilization.
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Fig. 5.10 Generic block diagram of the active solar tracker using the programmable logic
controller (PLC) and the signal processing unit
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A common approach is to use several motors linked to an electrical sensor to rotate a PV cell at
its core. Figure 5.10 shows that this is probably the most basic electrical method currently
available since it uses a cell to power a motor. The sun’s rays strike the panel at a right angle
when this angle reaches zero. In addition, the design’s pivot point was not horizontal; rather, it
had one bearing that was lower to the ground than the other, which allowed it to provide the
correct elevation for areas beyond the equator. Most solar trackers are electronic, which drains
the power from the PV panel for operation and adds extra expenses for installing and
maintaining the control system and electric motor.
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5.3.4 Types of STS based on control strategies

3.4.1 Closed-loop solar trackers

The feedback control approach underpins the closed-loop solar tracker. A closed-loop tracking
system control technique uses light sensors on the solar PV panel to follow the sun at any time of
day. If the sun is not directly on the solar panel, the intensities of the light sensors will vary. The
tracker’s inclination to face the sun is calculated via this difference . The solar panel has two
similar light sensors to track the sun. The east-west or south-north orientation helps measure
light source strength. For a wide-angle search and quick sun location, an opaque item is placed
between the two sensors to isolate light from other orientations. Closed-loop trackers consider
two states. The STS is stable if the output signal levels of the two sensors are equal, indicating a
zero-output difference and zero motor drive voltage. This shows that the solar PV system
followed the sun.

5.3.4.2 Open-loop solar trackers

One type of STS, known as an open-loop solar tracker, operates according to an algorithm or
timetable rather than monitoring the real-time location of the sun or any other environmental
factors that can affect the efficiency of PV panels. Operating on a timetable or algorithm that
considers the time of day, season, and location, an open-loop solar tracker moves the motorized
platform that holds the solar panel in line with the sun’s position. To follow the yearly course of
the sun, for example, a solar panel can be programmed to travel in an east—west direction during
the day.

Instead of actively seeking the sun, an open-loop solar tracking control approach determines the
sun’s position for a certain site. The solar tracker uses time, day, month, and year to locate the
sun without feedback. The tracker uses a stepper motor to track the sun without sensors.
Therefore, it is called the open-loop tracker, and Fig. 5.11 shows an open-loop and closed-loop
tracker schematic.
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Fig. 5.11 Basic solar tracker block diagram for closed-loop systems
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5.4 Conclusion

e Automatic STS have become more efficient because of advancements in sensor
technology, control algorithms, and precision mechanics. These systems can optimize the
angle and orientation of solar panels to maximize sunlight exposure throughout the day,
leading to increased energy production

e Artificial intelligence and machine learning techniques are being integrated into
automatic STS to increase their performance. These technologies enable the system to
analyse real-time data, predict solar movement patterns, and optimize tracking algorithms
accordingly, resulting in improved accuracy and efficiency.

e Traditionally, single-axis STS, which track the movement of the sun in only one plane,
are prevalent. However, dualaxis STS have gained popularity, as they can track both the
azimuth and elevation angles of the sun. This enables the panels to capture sunlight from
different angles throughout the day, further maximizing the energy output.

e Compared with fixed-tilt systems, implementing automatic STS can be cost intensive.
The additional components, sensors, and motors required for tracking increase the overall
system cost. However, with advancements in technology and economies of scale, the
costs are gradually decreasing, making the systems more accessible.

e Automatic STS are made up of moving parts, which may need to be maintained regularly
to guarantee that they are operating correctly. Mechanical wear and tear, exposure to
weather conditions, and sensor failures can impact system reliability. Ensuring regular
inspections, maintenance routines, and robust designs can mitigate these challenges

e Automatic STS rely on accurate sun tracking, which can be affected by environmental
factors such as clouds, haze, and shading from nearby structures or vegetation. These
factors can impact the system’s ability to track the sun accurately and affect energy
generation.

An automatic STS is a promising technology that has undergone significant advancements in
recent years. It offers several advantages, including increased energy efficiency and improved
power generation from solar panels. This review highlights some of the key advancements and
challenges associated with automatic STS in the current scenario. An automatic STS is a
promising technology that has undergone significant advancements in recent years. It offers
several advantages, including increased energy efficiency and improved power generation from
solar panels. This review highlights some of the key advancements and challenges associated
with automatic STS in the current scenario
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MCQ

. What is the primary goal of a solar tracking system?

a) To decrease the temperature of solar panels.

b) To maximize the amount of solar energy captured by a photovoltaic (PV) panel or
solar thermal collector.

c) To store excess solar energy.

d) To reduce the size of solar installations.

. Which of the following is NOT a common type of solar tracking system?
a) Single-axis tracker

b) Dual-axis tracker

c) Fixed-tilt system

d) Seasonal adjustment tracker

. A single-axis solar tracker typically tracks the sun's movement along which direction?
a) East to West (azimuth)

b) North to South (altitude)

c) Both East-West and North-South simultaneously

d) Only adjusts for seasonal changes

. For optimal energy capture throughout the day and year, which type of solar tracker is

generally considered the most effective?
a) Fixed-tilt system

b) Single-axis tracker

¢) Dual-axis tracker

d) Seasonal adjustment tracker

. What is the main advantage of using a solar tracking system compared to a fixed-tilt
system?

a) Lower initial installation cost

b) Higher energy yield

c¢) Less maintenance required

d) Simpler design

. Which factor would likely discourage the use of a solar tracking system?

a) High land availability

b) Desire for maximum energy output
c¢) Limited budget and space constraints
d) Areas with consistently clear skies

. What kind of sensors are commonly used in active solar tracking systems to determine

the sun's position?

a) Temperature sensors

b) Light-dependent resistors (LDRs)
c) Pressure sensors
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d) Humidity sensors

In a passive solar tracking system, what mechanism is often utilized for movement?
a) Electric motors and gearboxes

b) Hydraulic fluids and pistons

c¢) Bimetallic strips or shape memory alloys reacting to heat

d) Manual adjustments by an operator

Which application would most likely benefit significantly from a dual-axis solar tracking
system?

a) Rooftop solar panels on a residential home

b) A small off-grid lighting system

c) A large-scale solar power plant in a desert region

d) Solar water heaters for domestic use

What is a potential disadvantage of solar tracking systems?

a) They are less aesthetically pleasing.

b) They increase the overall complexity and maintenance requirements.
c) They are less efficient than fixed systems in cloudy weather.

d) They cannot be integrated with battery storage.

MCQ Answer

b) To maximize the amount of solar energy captured by a photovoltaic (PV) panel or
solar thermal collector.

c) Fixed-tilt system

a) East to West (azimuth)

¢) Dual-axis tracker

b) Higher energy yield

c) Limited budget and space constraints

b) Light-dependent resistors (LDRs)

c) Bimetallic strips or shape memory alloys reacting to heat

c) A large-scale solar power plant in a desert region

. b) They increase the overall complexity and maintenance requirements.

Short Questions

Define solar tracking.

Name two main types of active solar tracking systems.

What is the primary advantage of a dual-axis tracker over a single-axis tracker?

Mention one common method used by passive solar trackers for movement.

In what scenario might a fixed-tilt solar panel system be preferred over a tracking system,
despite lower energy yield?
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Long Questions
1. Elaborate on the different types of solar tracking systems (fixed-tilt, single-axis, and dual-
axis), discussing their operational principles, advantages, and disadvantages.
2. Compare and contrast active and passive solar tracking systems. Discuss the key
components and operational mechanisms of each, along with suitable applications.

3. Analyze the economic and environmental considerations associated with deploying solar
tracking systems in India. What are the key benefits and challenges from an Indian
perspective?
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