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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT

Disclaimer for AI-Assisted Content and Copyright Compliance

This academic content, including but not limited to study plans, lecture notes, descriptive
content, student toolkits, question banks, model question papers, digital resources,
and supplementary materials, has been developed with the assistance of Artificial
Intelligence (AI) tools, under the guidance and supervision of subject experts.

This content is not a replacement for the reference books mentioned in the GTU
syllabus. It serves as supporting material to aid understanding and enhance the
teaching–learning process for students and teachers.

While due care has been taken to ensure quality, relevance, and academic usefulness, users
are requested to note the following:

1. Accuracy and Academic Responsibility

AI-assisted systems may occasionally generate information that is incomplete,
simplified, or unintentionally inaccurate.
Faculty members and students are strongly advised to:

 Cross-verify critical information with standard textbooks, official syllabi, and
faculty guidance

 Use this material as a supporting academic resource, not as the sole source of
learning

2. Nature of Use

This content is intended strictly for educational and non-commercial purposes,
including:

 Classroom teaching
 Student self-learning
 Institutional academic use within the state

It is not intended for commercial publication, resale, or profit-oriented distribution.

3. Role of Human Oversight

AI-generated content may not always capture discipline-specific nuances, contextual
depth, or recent advancements.
Therefore:
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 Faculty review, contextualization, and explanation remain essential
 Practical learning, laboratory work, and instructor-led teaching are indispensable

4. Copyright and Image Usage Compliance

Special care has been taken regarding the use of images, diagrams, figures, and visual
elements included or referenced in this material.

All visuals used in this content fall under one or more of the following categories:

 Original diagrams created or redrawn by faculty/authors
 AI-generated images or diagrams
 Content sourced from public domain or Creative Commons–licensed resources,

with attribution where applicable
Images have not been intentionally copied from copyrighted textbooks, paid publications,
or restricted online sources.

Any references to images, videos, animations, or visual resources are provided purely for
academic illustration and with the understanding that:

 Their use complies with applicable copyright laws
 Institutions and users will adhere to license terms and attribution requirements,

wherever applicable
5. Disclaimer on Inadvertent Inclusion

If any copyrighted material has been unintentionally included, such inclusion is purely
incidental and unintentional.

The concerned material will be removed or replaced promptly upon notification by the
rightful copyright holder.

6. Distribution and Sharing

This content may be:

 Shared among students and faculty within the state
 Uploaded to institutional LMS, academic portals, or official repositories

However, unauthorized modification, commercial redistribution, or external
publication without institutional approval is discouraged.

7. Acceptance of Terms
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By accessing or using this material, users acknowledge that:

 They understand the AI-assisted nature of the content
 They accept responsibility for academic verification and ethical use
 They agree to abide by copyright, academic integrity, and institutional

guidelines

We encourage learners and educators to actively engage with the material, question
concepts, apply critical thinking, and complement this content with authoritative
academic resources and expert instruction.
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UNIT–1: Renewable Energy Resources – Study Plan
1. Topic-wise Breakdown
• Energy resource in India, India’s total installed capacity, energy demand–supply, environmental
impact
• Yearly generation growth, State-wise renewable energy generation
• Advanced non-conventional energy sources
• Hydrogen: Characteristics, advantages, applications
• Green / Blue / Grey hydrogen
• Biofuels: Bioethanol, Biodiesel, Advanced biofuels, Drop‑in fuels, Bio‑CNG, DME

2. Logical Sequencing of Topics
1. India’s Energy Scenario
2. Environmental Impact of Fossil Fuels
3. State-wise Renewable Energy Growth
4. Advanced Non-Conventional Resources
5. Hydrogen Energy
6. Biofuels & Emerging Alternatives

3. Core, Supporting & Application Topics
Sr. No. Topic Category Reason for Inclusion

1 India’s Energy Scenario Core Provides the baseline for India’s goal to
reach 500 GW of non-fossil capacity by
2030 and Net Zero by 2070.

2 Demand–Supply Gap &
Impact

Core Essential as peak demand hit a record 243
GW in 2025; establishes RE as the only
way to bridge the gap sustainably.

3 State-wise RE
Generation

Supporting Critical for identifying leaders like
Rajasthan (Solar) and Gujarat
(Wind/Hybrid) to understand regional
infrastructure.

4 Advanced Non- Supporting Includes emerging tech like Small Modular
Reactors (SMRs) and Offshore Wind, vital
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Conventional for future grid stability.

5 Hydrogen Energy Application-
oriented

Central to the National Green Hydrogen
Mission, targeting 5 MMT annual
production for heavy industry and export.

6 Biofuels & Emerging
Fuels

Application-
oriented

High industrial focus on Biomass-to-
Hydrogen and Ethanol blending to reduce
crude oil import dependency (currently
~85%).

4. Time Allocation (06 Hours)
Sr.
No.

Topic Category Reason for Inclusion

1 India’s Energy
Scenario

Core Provides the baseline for India’s goal to
reach 500 GW of non-fossil capacity by
2030 and Net Zero by 2070.

2 Demand–Supply Gap
& Impact

Core Essential as peak demand hit a record 243
GW in 2025; establishes RE as the only
way to bridge the gap sustainably.

3 State-wise RE
Generation

Supporting Critical for identifying leaders like
Rajasthan (Solar) and Gujarat
(Wind/Hybrid) to understand regional
infrastructure.

4 Advanced Non-
Conventional

Supporting Includes emerging tech like Small Modular
Reactors (SMRs) and Offshore Wind, vital
for future grid stability.
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5 Hydrogen Energy Application-
oriented

Central to the National Green Hydrogen
Mission, targeting 5 MMT annual
production for heavy industry and export.

6 Biofuels & Emerging
Fuels

Application-
oriented

High industrial focus on Biomass-to-
Hydrogen and Ethanol blending to reduce
crude oil import dependency (currently
~85%).

LECTURE 1 – ENERGY RESOURCES IN INDIA
(Designed for Diploma Electrical Engineering – 60 minutes)

1. Hook / Introduction (≈ 5 minutes)
Let me start with a question: Have you ever experienced a power cut during the summer?
You probably remember how uncomfortable and disruptive it was. Now imagine this
happening on a national scale—industries stopping production, trains slowing down,
hospitals switching to backup power.
India is a rapidly developing country, and our energy demand is increasing every year.
But the big question is:
Where does India get its energy from, and is it enough for the future?
This lecture will help you understand India’s energy mix, the importance of different
energy resources, and why renewable energy is becoming the backbone of India’s
growth.

2. Core Concepts (≈ 40 minutes)

2.1 Definition of Energy Resources
Energy resources are sources from which we obtain usable energy—electricity, heat, and
mechanical power. They are broadly classified into:

● Conventional resources: Coal, petroleum, natural gas, hydro
● Non-conventional resources: Solar, wind, biomass, geothermal, tidal, hydrogen

Explain to students that India still depends heavily on fossil fuels, but this dependence is
changing fast.
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2.2 India’s Energy Mix

2.3 Installed Capacity Overview
Explain that India’s installed power capacity comes from different sources:

● Coal-based thermal power plants
● Gas-based power plants
● Large hydroelectric dams
● Solar PV farms
● Wind farms
● Nuclear reactors
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2.4 Energy Demand vs. Supply in India
Introduce the concept of peak demand and base load.

● Base load: Minimum constant demand
● Peak load: Maximum demand during specific hours

2.5 Environmental Impact of Conventional Energy
Relatable examples:

● Burning coal releases CO₂, causing global warming
● Emission of SO₂ and NOx causes respiratory issues
● Mining destroys forests and displaces communities

3. Real-World / Industry Applications (≈ 10 minutes)
Connect concepts to real engineering practice:

● Solar rooftop systems are replacing diesel generators in homes and hospitals.
● Industries install wind turbines to reduce electricity costs.
● Metro stations and airports use solar power to reduce carbon footprint.
● Electric vehicles (EVs) increase electricity demand—creating new challenges for

grid engineers.
Discuss major Indian renewable projects:

● Rewa Solar Project (MP)
● Pavagada Solar Park (Karnataka)
● Gujarat’s wind and solar corridor

Explain how these help reduce import of coal and petroleum.

4. Summary & Q&A (≈ 5 minutes)
● India uses a variety of energy resources—coal, hydro, solar, wind, nuclear,

biomass.
● Coal dominates but is declining due to environmental issues.
● Renewable energy capacity is increasing rapidly.
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● Engineers must design systems that balance demand and supply efficiently.

Common Student Doubts:

● Why can’t India fully depend on renewable energy today?
→ Due to storage, cost, and infrastructure challenges.

LECTURE 2 – ENVIRONMENTAL IMPACT OF ENERGY
RESOURCES
(Diploma Electrical Engineering – 60-minute Session)

1. Hook / Introduction (≈ 5 minutes)
Let me begin with a simple question: Have you ever noticed how the sky looks hazy on
some days?
That haze is not fog—it’s pollution. Now imagine this at a national scale where power
plants, industries, vehicles, and households consume huge amounts of energy every day.
Energy generation is essential for modern life, but it comes with a cost. Most of our
electricity still comes from coal, and burning coal releases gases and particles that affect
air, water, soil, climate, and human health.
By the end of this lecture, you will understand not just “what” the environmental impacts
are, but also “why it matters” for you as future electrical engineers.

2. Core Concepts (≈ 40 minutes)

2.1 What is Environmental Impact?
Environmental impact refers to the negative effects energy generation has on nature and
ecosystems.
Examples include:

● Air pollution
● Water contamination
● Soil degradation
● Climate change
● Thermal pollution
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● Noise pollution
Each energy source affects the environment differently.

2.2 Air Pollution from Fossil Fuels
The burning of coal and petroleum produces:

● CO₂ (carbon dioxide) – causes global warming
● SO₂ (sulphur dioxide) – causes acid rain
● NOx (nitrogen oxides) – causes smog and respiratory problems
● Particulate Matter (PM2.5 and PM10) – harmful to lungs

2.3 Water Pollution and Thermal Discharge
Coal power plants use enormous amounts of water for cooling.
This results in:

1. Hot water discharged into rivers→ kills fish
2. Ash ponds leaking→ contaminates groundwater
3. Oil spills from fossil fuel storage→ marine pollution
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Use analogy: “Imagine pouring hot water into an aquarium—what happens to the fish?”

2.4 Land Degradation and Deforestation
Mining for coal requires removing forest land. This leads to:

● Soil erosion
● Loss of biodiversity
● Displacement of communities

Renewables have lesser impact but still need land—for example, large solar farms.

2.5 Climate Change and the Greenhouse Effect

“The Earth is wrapped in a blanket of gases. More CO₂ makes this blanket thicker,
trapping heat.”
Effects include:

● Rising temperatures
● Melting glaciers
● Extreme weather conditions
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2.6 Noise and Visual Pollution
● Diesel generators produce noise
● Wind turbines generate low-frequency noise
● Power plants affect natural landscapes

3. Real-World / Industry Applications (≈ 10 minutes)
Show how engineers tackle environmental issues:

● Electrostatic precipitators (ESP) remove dust from power plant emissions
● Flue Gas Desulphurization (FGD) removes SO₂
● Low-NOx burners reduce nitrogen oxides
● Ash handling systems reduce soil contamination
● Solar and wind systems reduce air pollution completely

4. Summary & Q&A (≈ 5 minutes)
● Energy production affects air, land, water, and climate.
● Coal is the biggest contributor to pollution in India.
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● Engineering solutions exist to minimize environmental damage.
● Renewable energy helps reduce carbon footprint and improve sustainability.

Common Student Doubts:

● Are renewable energy systems completely pollution-free?
→ No, but pollution is very minimal compared to fossil fuels.

LECTURE 3 – STATE-WISE RENEWABLE ENERGY (RE)
GROWTH IN INDIA
(Diploma Electrical Engineering – 60-minute Lecture)

1. Hook / Introduction (≈ 5 minutes)
Let’s start with a simple thought: Why do some states in India have more solar or wind
energy than others?
Is it because of climate? Geography? Government policies? Or industrial demand?
Imagine two states—Rajasthan, full of open desert land and bright sunshine, and Tamil
Nadu, with strong coastal winds. Naturally, each state becomes stronger in a different
type of renewable energy.
Today, we will explore how and why different Indian states lead in solar, wind, hydro,
and other forms of renewable energy—and why this knowledge is essential for future
engineers like you.

2. Core Concepts (≈ 40 minutes)

2.1 Why State-wise RE Growth Matters
India is a large and diverse country. Renewable potential varies widely due to factors
like:

● Climate and sunlight hours
● Wind speed and coastal geography
● River systems (for hydro)
● Availability of biomass
● Land availability
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● State-level policies and incentives
Understanding this helps engineers plan, design, and estimate energy projects accurately.

2.2 Solar Energy Leading States
Rajasthan, Gujarat, Karnataka, and Telangana have emerged as major solar hubs.
Reasons:

● High solar irradiance
● Vast unused land
● Favorable government policies
● Presence of solar parks
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2.3 Wind Energy Leading States
Wind energy is concentrated mainly in southern and western states such as Tamil Nadu,
Gujarat, Karnataka, and Maharashtra.
Reasons:

● Long coastline
● High wind velocity zones
● Consistent wind patterns
● Availability of transmission infrastructure

Tamil Nadu alone contributes a major share of India’s wind power due to the Western
Ghats channeling strong winds.

2.4 Hydropower Leading States
Hydropower capacity is highest in Himachal Pradesh, Uttarakhand, Sikkim, Jammu
& Kashmir, and Arunachal Pradesh.
Reasons:

● Mountainous terrain
● Fast-flowing rivers
● High rainfall
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2.5 Biomass & Small Hydro States
States with significant agricultural waste—like Punjab, Haryana, Uttar Pradesh, and
Bihar—lead in biomass energy.

2.6 Why Growth Varies Across States
● Renewable energy depends on natural resources, not just technology
● State government policies and subsidies differ
● Availability of land and transmission lines matters
● Industrial demand influences development

3. Real-World / Industry Applications (≈ 10 minutes)
● Designing solar/wind projects based on resource maps
● Selecting optimal sites using GIS tools
● Estimating project cost and energy yield
● Planning transmission lines for large RE parks
● Creating hybrid systems (solar + wind + storage) based on state potential

Examples:
● “Gujarat’s hybrid parks combine wind and solar to balance output.”
● “Rajasthan’s Bhadla Solar Park is one of the largest solar installations in the

world.”

4. Summary & Q&A (≈ 5 minutes)
● Different states specialize in different renewable sources.
● Solar: Rajasthan, Gujarat, Karnataka
● Wind: Tamil Nadu, Gujarat, Maharashtra
● Hydro: Himalayan states
● Biomass: Agricultural states
● Growth depends on geography, climate, and policy support
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Common Student Doubts
1. Can every state generate all types of renewable energy?
→ No, potential varies with natural conditions.

2. Why do some states grow faster than others?
→ Policies, land availability, industrialization.

3. Is renewable energy equally reliable in all seasons?
→ No, variations exist in wind speed, sunlight, and rainfall.

LECTURE 4 – ADVANCED NON-CONVENTIONAL ENERGY
SOURCES
(Diploma Electrical Engineering – 60-minute Classroom Session)

1. Hook / Introduction (≈ 5 minutes)
Let me start with a question:
If sunlight and wind are not available, how else can we generate clean energy?
Think about oceans, geothermal heat, waste materials, and even the temperature
difference between warm surface water and cold deep water. These are powerful energy
sources that exist naturally around us but are still underused.
Tell students an interesting fact:
“The amount of solar energy absorbed by Earth in one hour is enough to power the world
for a year.”
Yet we still rely heavily on conventional fuels because many advanced sources are only
now becoming practical and affordable.
Today’s session explores these advanced non-conventional energy sources—how they
work, where they are used, and their future potential.

2. Core Concepts (≈ 40 minutes)

2.1 What are Advanced Non-Conventional Sources?
They are renewable energy sources that are not widely used yet but have immense
potential. Examples include:

● Geothermal energy
● Ocean energy (tidal, wave, OTEC)
● Fuel cells
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● Hydrogen energy
● Waste-to-energy systems

These sources are clean, sustainable, and suitable for specialized applications.

2.2 Geothermal Energy
Geothermal energy comes from heat stored beneath the Earth’s surface.
Working principle:

1. Underground heat →
2. Converts water into steam →
3. Steam rotates turbine →
4. Generator produces electricity

Advantages:
● Continuous (24×7)
● Low emissions

Limitations:
● Limited to volcanic regions
● High drilling cost
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2.3 Ocean Energy

Tidal Energy
Generated by rise and fall of seawater.

Pros: Predictable energy
Cons: High construction cost
Wave Energy
Uses surface waves to move a piston or float system.
Pros: Abundant in coastal areas
Cons: Requires strong waves
OTEC (Ocean Thermal Energy Conversion)
Uses temperature difference between warm surface water and cold deep water.
Analogy: “Like running a heat engine using the ocean as both boiler and condenser.”
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2.4 Fuel Cells
Fuel cells generate electricity directly from chemical reactions.

Advantages:
● No combustion
● High efficiency

Used in electric vehicles and backup systems.

2.5 Waste-to-Energy (WTE)
Municipal waste is converted into electricity using incineration or biogas.

● Reduces landfill waste
● Produces useful energy

India has growing WTE plants in Delhi, Hyderabad, Pune, and Surat.

3. Real-World / Industry Applications (≈ 10 minutes)
● Geothermal plants in USA, Iceland, Indonesia
● Tidal plants in France and South Korea
● Wave farms in Portugal
● OTEC pilot plants in Japan and Hawaii
● Fuel cell backup power in telecom towers
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● Hydrogen-based buses and cars in Japan and Europe
“You may soon see hydrogen-powered trains in India.”

4. Summary & Q&A (≈ 5 minutes)
● Advanced non-conventional sources offer clean alternatives to fossil fuels
● They include geothermal, tidal, wave, OTEC, fuel cells, hydrogen, and WTE
● Some are still in experimental stages due to cost and technical limitations
● These sources are essential for future sustainable energy systems

Common Student Questions
1. Why are these sources not widely used in India?
→ High initial cost, limited locations

2. Which source has the most future potential?
→ Hydrogen and fuel cells

3. Can tidal energy be used everywhere?
→ Only in coastal areas with strong tides

LECTURE 6 – HYDROGEN ENERGY
(Diploma Electrical Engineering – 60-minute Lecture)

1. Hook / Introduction (≈ 5 minutes)
Let me start with a simple question:
If we could fuel cars, industries, and power plants using something that produces only
water as a by-product, would it solve pollution problems?
This is exactly what hydrogen promises. Hydrogen is the lightest and most abundant
element in the universe. When it burns or reacts inside a fuel cell, the only output is pure
water vapour—no CO₂, no smoke, no soot.
NASA has been using liquid hydrogen to fuel rockets since the 1960s.
If hydrogen can power a spacecraft, imagine what it can do for our daily energy needs on
Earth!
This lecture will make you understand what hydrogen energy is, how it is produced, and
why it is considered the “fuel of the future.”
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2. Core Concepts (≈ 40 minutes)

2.1 What is Hydrogen Energy?
Hydrogen energy refers to using hydrogen as a clean fuel for producing power and heat.
Hydrogen can release energy in two ways:

1. Combustion (burning hydrogen)
2. Fuel cell reaction (electrochemical process)

Both produce zero greenhouse gases.

2.2 Properties of Hydrogen
The key characteristics:

● Lightest and simplest element
● Colorless, odourless gas
● Highly flammable
● High energy per unit mass
● Non-toxic
● Burns with a pale blue flame

Analogy: “Hydrogen is like the balloon gas, except it can explode if handled carelessly.”

2.3 Types of Hydrogen: Green, Blue, and Grey

Grey Hydrogen
● Produced from natural gas/coal
● Most common, cheapest
● Emits CO₂

Blue Hydrogen
● Same as grey, but CO₂ is captured and stored
● Lower emissions
● Used in industries

Green Hydrogen
● Produced using electrolysis powered by solar/wind energy
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● No carbon emissions
● Most eco-friendly but currently expensive

●

2.4 Hydrogen Production Technologies
1. Electrolysis of Water
Water → (electricity) → Hydrogen + Oxygen
Easy diagram:
Water tank → Electrolyzer → H₂ and O₂ pipes

2. Steam Methane Reforming (SMR)
Methane + Steam → Hydrogen + CO₂
Used in industries

3. Biomass Gasification
Organic waste → Gas mixture → Hydrogen extracted

2.5 Hydrogen Storage and Transportation
Hydrogen can be stored as:

● Gas (high-pressure cylinders)
● Liquid (cryogenic tanks)
● Metal hydrides

Explain challenges:
● Requires high pressure



28
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

● Safety precautions needed
● Infrastructure not fully ready

3. Real-World / Industry Applications (≈ 10 minutes)
Explain where hydrogen is already used:

● Hydrogen fuel cell vehicles (cars, buses, forklifts)
● Backup power systems for telecom towers
● Steel manufacturing (to replace coal)
● Chemical industries (ammonia, fertilizers)
● Hydrogen blending in natural gas pipelines
● Space missions (rocket fuel)

Examples:
● Japan runs hydrogen-powered buses during the Olympics.
● Europe is developing “Hydrogen Valleys”—regions powered entirely by

hydrogen fuel cycles.

4. Summary & Q&A (≈ 5 minutes)
● Hydrogen is a clean and high-energy fuel
● Green hydrogen is produced from renewable sources
● Fuel cells convert hydrogen directly into electricity
● Hydrogen is important for decarbonizing heavy industries

Common Student Doubts
1. Is hydrogen completely safe?
→ Safe when stored correctly, but requires careful handling.

2. Why is green hydrogen expensive?
→ High cost of electrolysis and renewable electricity.

3. Can hydrogen replace petrol and diesel?
→ Yes, but infrastructure needs development.
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STUDENT AI TOOLKIT – UNIT 1: RENEWABLE ENERGY
RESOURCES
(25 Copy–Paste Ready AI Prompts)

A. LOW-LEVEL PROMPTS (10) – REMEMBER & UNDERSTAND
(For definitions, simple explanations, basic concepts)
1. “Explain the term renewable energy resources in simple words suitable for Diploma-
level learning.”
2. “Give me a short summary of India’s current energy resources and energy mix.”
3. “Describe the environmental impact of fossil fuels using easy language and practical
examples.”
4. “Explain solar, wind, hydro, and biomass energy in one sentence each.”
5. “Give clear definitions of Green, Blue, and Grey Hydrogen with simple examples.”
6. “Explain the difference between conventional and non-conventional energy sources in
a simple comparison table.”
7. “Summarize the advantages and disadvantages of renewable energy resources for
quick revision.”
8. “Explain the term energy demand vs supply with an example from daily life.”
9. “Describe the meaning of state-wise renewable energy growth in India using simple
language.”
10. “Explain advanced non-conventional energy sources in easy language suitable for
beginners.”

B. MODERATE-LEVEL PROMPTS (10) – APPLY & ANALYZE
(For comparisons, applications, case studies, and analytical understanding)
11. “Compare solar energy potential between two Indian states and explain which state is
more suitable, and why.”
12. “Analyze how fossil fuel usage affects air, water, and soil, and provide three practical
real-life examples.”
13. “Explain how hydrogen can be used as a clean energy solution and compare its
advantages with traditional fuels.”
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14. “Give me five application-oriented examples of how renewable energy is used in
industries or households.”
15. “Explain how geographical features affect the growth of renewable energy in
different states of India.”
16. “Compare geothermal, tidal, and wave energy based on availability, working
principle, and limitations.”
17. “Explain how state-level policies influence renewable energy adoption and provide
two examples.”
18. “Analyze the challenges faced in implementing renewable energy solutions in rural
areas.”
19. “Given a simple scenario of a household with daily energy usage, explain which
renewable energy resource is most suitable and why.”
20. “Break down the steps involved in converting raw biomass into useful energy and list
the advantages.”

C. HIGH-LEVEL PROMPTS (5) – DESIGN & CREATE
(For design thinking, system planning, reasoning, and advanced understanding)
21. “Design a simple renewable energy plan for a small community using solar, wind, or
biomass, and justify your choices.”
22. “Create a flowchart that shows how hydrogen is produced, stored, and used in an
energy system.”
23. “Develop a comparison framework to evaluate different renewable energy resources
based on cost, efficiency, availability, and sustainability.”
24. “Design a hybrid energy system combining two renewable sources and explain how
they complement each other.”
25. “Create a step-by-step explanation of how a state government could increase its
renewable energy capacity using realistic strategies.”

UNIT–1: MASTERy CHECK – RENEWABLE ENERGY
RESOURCES
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1. KEY DEFINITIONS / GLOSSARY (15 Terms)
(Simple, one-line, Diploma-level meanings)

1. Renewable Energy – Energy obtained from naturally replenishing sources like
sun, wind, and water.

2. Non-Conventional Energy – Energy from emerging or less commonly used
renewable sources.

3. Installed Capacity – Total maximum electricity a power plant can produce at full
load.

4. Energy Mix – The combination of different energy sources used in a region or
country.

5. Energy Demand – The total amount of energy required by all consumers at a
given time.

6. Energy Supply – The amount of energy available or generated to meet the
demand.

7. Grid – A network that transmits and distributes electricity to consumers.
8. Emissions – Gases released from energy production, especially from burning

fossil fuels.
9. Greenhouse Gas (GHG) – Gases that trap heat in the atmosphere, such as CO₂

and methane.
10. Hydrogen Energy – Clean energy produced by using hydrogen as fuel for power

or heat.
11. Green Hydrogen – Hydrogen produced using renewable electricity without

carbon emissions.
12. Grey Hydrogen – Hydrogen produced from fossil fuels with carbon emissions.
13. Biofuel – Fuel derived from organic materials such as plants or agricultural waste.
14. Solar Potential – The amount of usable sunlight energy available in a location.
15. State-wise RE Growth – Variation in renewable energy development across

different states due to geography, resources, and policy support.

2. FAQ & ASSESSMENT SECTION
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A. Multiple Choice Questions (20 MCQs)
1.Which source currently contributes the largest share in India’s energy mix?
A. Solar
B. Wind
C. Coal
D. Nuclear
2. Renewable energy is best described as energy that is—
A. Expensive and limited
B. Unlimited and naturally replenished
C. Synthetic and non-recyclable
D. Always constant
3.Which of the following is a major environmental impact of fossil fuels?
A. Increased rainfall
B. CO₂ emissions
C. Soil cooling
D. Ocean salinity
4. Green hydrogen is produced using—
A. Coal gasification
B. Solar or wind electricity
C. Diesel reforming
D. Nuclear fusion
5.Which state has the highest solar power capacity?
A. Kerala
B. Rajasthan
C. Assam
D. Bihar
6.Wind energy is highly suitable in which type of region?
A. Desert region
B. Coastal and high-wind zones
C. Forest areas
D. Snow-covered hills
7.Which energy form is obtained from organic waste?
A. Hydro
B. Biomass
C. Nuclear
D. Geothermal
8. The main disadvantage of coal-based energy is—
A. Low cost
B. High emissions
C. Easy availability
D. High calorific value
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9. The device used to measure wind speed is—
A. Anemometer
B. Hygrometer
C. Thermometer
D. Lux meter
10.Which of the following is a non-conventional energy source?
A. Coal
B. Natural gas
C. Tidal energy
D. Diesel
11.What is the byproduct of hydrogen fuel combustion?
A. Carbon dioxide
B. Dust
C. Water vapor
D. Ash
12.Which state leads in wind power capacity in India?
A. Tamil Nadu
B. Goa
C. Haryana
D. Odisha
13. Biomass is primarily derived from—
A. Soil minerals
B. Organic matter
C. Plastics
D. Metals
14. The term “energy demand” refers to—
A. Export of energy
B. Total energy required by consumers
C. Import of coal
D. Energy stored in batteries
15.Which factor most affects solar energy potential?
A. Soil color
B. Sunlight intensity
C. Air pressure
D. River flow
16. A major challenge in wind energy is—
A. No land required
B. Unpredictable wind speeds
C. No maintenance required
D. High greenhouse gases
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17.Which of the following is associated with climate change?
A. Low CO₂ levels
B. High greenhouse gas emissions
C. Fewer industries
D. Heavy snowfall
18. Biofuels are mainly used because they are—
A. Non-renewable
B. Environment-friendly
C. Harmful
D. Difficult to produce
19. Tidal energy depends on—
A. Rainfall
B. Ocean tides
C. River speed
D. Soil moisture
20. Hydrogen storage is challenging because—
A. It is heavy
B. It requires high pressure
C. It is non-flammable
D. It is solid at room temperature

Answer Key for MCQs
3C, 2B, 3B, 4B, 5B, 6B, 7B, 8B, 9A, 10C, 11C, 12A, 13B, 14B, 15B, 16B, 17B, 18B,
19B, 20B

B. Short Answer / Viva Questions (10)
1. Explain the difference between renewable and non-renewable energy with examples.
2.Why does India depend heavily on coal despite having renewable energy potential?
3.Mention two major environmental impacts of fossil fuels.
4.Why is solar energy more suitable in Rajasthan compared to Kerala?
5. Define green hydrogen and explain one method used to produce it.
6.Why do wind farms develop mainly in coastal regions?
7. Explain briefly how biomass can be converted into energy.
8.What challenges limit the use of advanced non-conventional energy sources?
9. Describe in one line what “state-wise RE growth” means.
10.Why is hydrogen considered the “fuel of the future”?

1. AI TOOLS & DIGITAL LEARNING TOOLS
(3–5 recommended tools with purpose and use-cases)
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1. AI Concept Visualizer (ChatGPT / Gemini / Copilot)
Purpose:
Generate diagrams, flowcharts, tables, simplified explanations
How it helps:

● Converts complex concepts (e.g., solar potential, hydrogen cycles) into diagrams
or step-by-step workflows

● Creates comparison tables for revision (e.g., Green vs Blue Hydrogen)
● Useful for quick summaries before exams

2. PV System Simulator (Solar Rooftop Calculator / PVWatts-Type
Simulators)

Purpose:
Simulate solar panel output, tilt angles, energy generation
How it helps:

● Helps students understand real-world calculations for PV sizing
● Shows the effect of irradiance, azimuth, and tilt angles
● Supports practical exercises on solar energy estimation

3. Wind Energy Virtual Lab (Basic Wind Turbine Simulators)
Purpose:
Simulate wind speed vs power output curves
How it helps:

● Helps visualize HAWT vs VAWT performance
● Shows how wind speed affects turbine efficiency
● Useful for interpreting wind power curves and site selection

4. Energy Mix Dashboard (Data Visualization Tools)
Purpose:
Analyze national/state-wise energy distribution
How it helps:

● Allows students to see real-time changes in India’s energy mix
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● Helps understand state-wise solar and wind energy growth
● Supports discussion on energy demand-supply trends

5. AI Study Assistant (for Revision & Practice)
Purpose:
Generate quizzes, short questions, explanations
How it helps:

● Students can generate MCQs, short answers, and flashcards
● Helps with viva preparation and last-minute revision
● Enables personalized study sessions based on weak areas

2. VIDEO LEARNING REPOSITORY (Recommended Search
Keywords)
(Use YouTube, NPTEL, SWAYAM, or official academic channels)

Recommended Video Resources Table
Topic Name Recommended Channel

/ Lecturer
Search Keywords (Copy-
Paste to YouTube / NPTEL)

India’s Energy
Scenario

NPTEL / Prof. S.P.
Sukhatme

NPTEL India energy scenario
S.P. Sukhatme

Energy Mix &
Demand-Supply

Ministry of Power / NITI
Aayog

India energy mix 2026
Ministry of Power explained

Environmental
Impact

MIT OpenCourseWare /
NPTEL

environmental impact of fossil
fuels engineering explanation

Solar Energy Basics NPTEL / Prof. Soumitra
Satapathi

NPTEL solar photovoltaics
fundamentals IIT Roorkee

Solar Irradiance & PV NPTEL / Engineering
Mindset

solar irradiance GHI DNI DHI
calculation explanation

I–V & P–V Electrical Engineering solar cell IV PV characteristics
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Topic Name Recommended Channel
/ Lecturer

Search Keywords (Copy-
Paste to YouTube / NPTEL)

Characteristics Tutorials curves explained

State-wise RE Growth MNRE / Climate Trends
India

state-wise renewable energy
India 2026 analysis

Wind Energy
Fundamentals

NPTEL / Prof. J.G.
McGowan

NPTEL wind energy basics
fundamentals lecture

Working of Wind
Turbines

Engineering Mindset /
Real Eng

how wind turbine works step
by step animation

Hydrogen Energy
Basics

BloombergNEF / Energy
101

green blue grey hydrogen
difference 2026 explained

Hydrogen Production Engineering Mindset /
NPTEL

electrolysis hydrogen
production working principle

Biomass & Biofuels NPTEL / Prof. R. Vinu
(IITM)

NPTEL biomass conversion
and biorefinery lecture

Advanced Non-
Conventional

Energy Education /
NPTEL

tidal wave geothermal OTEC
energy explained

Renewable Energy
Policies

MNRE Official / PRS India PM Surya Ghar scheme and
National Green Hydrogen
Mission

Smart Grid & Trends IEEE / Practical
Engineering

smart grid and energy storage
systems India 2026

HOW STUDENTS SHOULD USE THIS DIGITAL LIBRARY
For Daily Study

● Watch 1–2 videos per topic from the table
● Ask AI tools to generate summaries of what you watched

For Exam Revision
● Use AI visualizer to convert content into diagrams
● Ask the AI: “Explain this topic to me as if I am revising for an exam”
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For Practical Learning
● Use simulators to test real-world values
● Practice solar/wind calculations

For Viva Preparation
● Ask the AI to generate 10 viva questions for any topic
● Practice answering aloud

1. BEYOND THE SYLLABUS – EMERGING TECHNOLOGIES
(Two modern technologies closely linked to Green Technology fundamentals)

1. Smart Grids & Energy Management Systems (EMS)
What it is:
A smart grid uses digital communication, automation, sensors, and real-time data to
optimize how electricity is generated, transmitted, and consumed.
Connection to Green Technology:

● Integrates solar, wind, and other renewable sources seamlessly
● Balances demand and supply intelligently
● Uses IoT devices and smart meters to reduce losses

Why students should learn it:
Smart grids represent the future of power systems. Understanding them opens career
opportunities in:

● Power utilities
● Energy auditing
● Smart meter installation
● Automation and SCADA systems

2. Green Hydrogen & Fuel Cell Technologies
What it is:
Hydrogen produced using renewable energy (green hydrogen) can be used as a zero-
emission fuel in transport, industry, and power generation. Fuel cells convert hydrogen
into electricity efficiently.
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Connection to Green Technology:
● Extends the concept of renewable energy into industrial applications
● Reduces dependence on fossil fuels in heavy sectors
● Supports India’s “National Green Hydrogen Mission”

Why students should learn it:
Green hydrogen is expected to create new jobs and skill requirements in:

● Electrolyzer system assembly
● Fuel cell maintenance
● Hydrogen safety management
● Green mobility (buses, trucks, trains)

2. MOOC & ONLINE COURSE RECOMMENDATIONS
(Free or audit-friendly courses for deeper understanding)

1. Renewable Energy: Solar Energy Basics
● Platform: NPTEL
● How it helps:

Builds fundamental understanding of solar radiation, PV modules, and
basic design principles—ideal for strengthening Unit 2 concepts.

2. Wind Energy Technology
● Platform: SWAYAM / NPTEL
● How it helps:

Introduces wind turbines, aerodynamics, and power curves,
complementing both theoretical and practical learning from the syllabus.

3. Introduction to Sustainable Energy
● Platform: Coursera (Audit Mode Available)
● How it helps:

Gives a global perspective on solar, wind, biomass, geothermal, and
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energy management—excellent for gaining broader context and
environmental awareness.

3. INDUSTRIAL EXPOSURE / FIELD VISIT SUGGESTIONS
(REGIONAL FOCUS)
(Three realistic and beneficial visit locations for Diploma students)

1.Solar PV Power Plant / Solar Park
What they do:
Generate large-scale electricity using solar farms and inverter stations.
What students observe:

● PV module mounting structures
● Inverters, SCADA monitoring
● Tilt angle adjustments
● Performance ratio and efficiency measurement

Ideal for connecting theory to practical implementation.

2.Wind Turbine Installation Site / Wind Farm
What they do:
Generate power using horizontal axis wind turbines (HAWT).
What students observe:

● Turbine blades, nacelle, gearbox
● Anemometer and wind measurement equipment
● Cable routing and grid connection process
● Safety protocols for high mast structures

Helps students understand real-world generation challenges.

Biogas or Waste-to-Energy Plant
What they do:
Convert organic waste or biomass into useful energy (biogas, electricity).
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What students observe:
● Digester design and operation
● Gas purification and storage
● Power generation using biogas engines
● Environmental benefits and waste management process

Excellent for understanding circular economy concepts.

4. CONFERENCES, SEMINARS & TECHNICAL EVENTS
(Exposure to professional forums improves confidence and technical networking)

1.IEEE International Conference on Renewable Energy and Power
Engineering
Theme:
Renewable energy technologies, power electronics, storage systems.
Why attend:

● Learn global trends
● Exposure to research ideas
● Understand industry challenges

2.National Solar Energy Conference (MNRE / SECI / NISE)
Theme:
Solar PV innovations, manufacturing, policy updates.
Why attend:

● Latest technology demonstrations
● Interaction with industry experts
● Knowledge of government schemes
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3.Green Hydrogen India Conference
Theme:
Hydrogen production, storage, safety, and industrial applications.
Why attend:

● Insights into future energy systems
● Job opportunities in hydrogen-based industries
● Understanding of national missions and policies

CONCLUSION—WHY THIS MODULE MATTERS
This External Exposure Module helps you:

● Connect classroom theory with real industry applications
● Stay updated with fast-changing technologies
● Develop employability and future-ready skills
● Understand how renewable energy is transforming the world

1. MOST REPEATED / HIGH-PROBABILITY QUESTIONS
(Frequently asked in university/technical board exams)
These questions cover:

● Core definitions
● Short descriptive answers
● Diagram or concept-oriented explanations

A. Short Answer Type (2–3 Marks) – Very Common
1. Define renewable energy resources.
2. State any four advantages of renewable energy.
3. What is energy demand–supply gap?
4. Define solar potential.
5. List different types of hydrogen (Green/Blue/Grey).
6. Define biofuel with two examples.
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7. What is the environmental impact of fossil fuels?
8. What is meant by “installed capacity”?
9. List any four advanced non-conventional energy resources.
10. State any two limitations of non-renewable energy sources.

B. Long Answer Type (5–7 Marks) – Frequently Asked
11. Explain India’s current energy scenario with a neat block diagram of energy

resources.
12. Describe the environmental effects caused by burning fossil fuels.
13. Explain state-wise renewable energy development in India.
14. Discuss hydrogen as a clean fuel along with its types.
15. Describe biofuels. Explain biodiesel and bioethanol in detail.

C. Diagram / Concept-Based (5–7 Marks) – High-Probability
16. Draw and explain India’s energy resource distribution (pie chart format).
17. Draw the flowchart showing the formation and use of hydrogen energy.
18. Show the classification of renewable and non-renewable energy sources with a

neat diagram.
19. Draw a labeled diagram showing energy flow in a biomass-to-energy conversion

system.
20. Draw a simple map of India showing leading solar- and wind-energy states.

2. APPLICATION & LOGICAL THINKING QUESTIONS
(5 Questions – Designed to differentiate average from high-scoring students)

1.
Q: India is planning to reduce coal-based energy generation by increasing renewable
capacity. Explain how this shift will affect:
a) Environment
b) Energy cost
c) Grid stability
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2.
Q: Rajasthan and Kerala both receive high sunlight, yet Rajasthan is a leader in solar
energy. Use geographical and technical reasoning to justify why.

3.
Q: A rural village has low wind speed but high agricultural waste generation. Which
renewable energy resource is most suitable? Explain with justification.

4.
Q: Consider a state with strong coastal winds but limited land availability. Suggest the
most appropriate renewable energy option and explain why large solar farms may not be
feasible.

5.
Q: India's transportation sector heavily depends on petroleum. Discuss how hydrogen
energy and biofuels can jointly reduce this dependency. Provide a logical, stepwise
explanation.

OPTIONAL ENHANCEMENT (If Previous Papers Were Provided)
(Not applied here as no PDFs were submitted)
Had past question papers been available, I would have extracted:

● Year-wise repetition patterns
● Marking weightage
● Frequently repeated diagram questions
● Important definitions & short notes

How to Use This Question Bank Effectively
For Short Answers (2–3 marks):

● Practice writing precise answers in 3–4 lines
● Focus on definitions, lists, and diagrams
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For Long Answers (5–7 marks):
● Include introduction, explanation, diagram, and conclusion
● Use flowcharts or block diagrams whenever possible

For Application/Logical Questions:
● Think beyond memorization
● Relate theory to real-world examples
● Use reasoning and comparison

Study Plan – Unit II: Solar Energy

Course: Diploma in Electrical Engineering
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Subject: Green Technology (4360904)

Unit II: Solar Energy

Total Hours: 18

Course Outcome: CO2 – Analyze PV System Performance

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

DETAILED STUDY PLAN
--------------------------------------------------

Solar Energy Technology: Course Syllabus

Sr.

No.

Topic Duration Key Learning
Objectives

Exam
Weightage

Practical
Application

1 Introduction 1 Hr Potential in India,
NISE roles, Off-grid
programs.

Medium Awareness &
Feasibility

2 Radiation
Fundamentals

1 Hr Light intensity,
Electromagnetic
spectrum.

Medium Measurement
techniques

3 Irradiance
Components

2 Hrs DNI, DHI, GHI, and
factors affecting
output.

High Output
estimation

4 Albedo 1 Hr Surface reflectivity
and bifacial panel

Medium Solar farm
efficiency
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gains.

5 Solar Cell
Technology

2 Hrs Working principles;
Mono vs. Poly vs.
Thin-film.

High Cell selection
& ROI

6 Cell, Module &
Array

1.5 Hrs Scaling from cell to
array; Series/Parallel
logic.

High Electrical
system design

7 PV
Characteristics

2.5 Hrs I–V and P–V curves,
MPP, Fill Factor.

Very High Core
performance
testing

8 Sun-Earth
Geometry

1 Hr Equinoxes and
Solstices.

Medium Seasonal yield
planning

9 Solar Angles 2 Hrs Calculations for
Declination, Hour,
Zenith, and Azimuth.

High Precision
orientation

10 Tilt & Orientation 1.5 Hrs Finding the optimum
angle for maximum
yield.

High On-site
installation

11 Inverters &
Storage

2 Hrs String vs. Micro
inverters; Battery
sizing.

Very High Rooftop system
design
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12 Tracking Systems 1 Hr Single/Dual axis
tracking and Cosine
effect.

Medium Energy
optimization

13 Shadow Analysis 0.5 Hr Inter-row spacing to
prevent shading.

Medium Farm layout &
land use

14 Solar Farm
Overview

0.5 Hr Utility-scale concepts
and case studies.

Medium Large-scale
project mgmt

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

OBE & NEP 2020 ALIGNMENT
--------------------------------------------------

- Outcome-based learning with analysis and application focus

- Integration of theory, practicals & micro-projects

- Emphasis on sustainability and green skills

Lecture 1: Introduction to Solar Energy

(Approx. 30 minutes – Theory Focus)

1. Hook / Introduction (≈ 5 minutes)

Students, imagine this:

● Your house terrace receives sunlight every day

● But your electricity bill still keeps increasing
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Why does this happen?

India is blessed with abundant sunlight, yet we depend heavily on:

● Coal

● Imported fuels

As Electrical Engineers, this situation creates a huge opportunity for you.
Solar energy is not just an alternative — it is becoming the main source of power for the
future.

Today, we begin with the basics of solar energy, which will act as the foundation for
understanding:

● Solar panels

● Inverters

● Solar power plants

2. Core Concepts (≈ 20 minutes)

2.1 What is Solar Energy?

● Solar energy is the energy obtained from the Sun in the form of radiation.

This energy can be converted into:

● Electrical energy using solar photovoltaic (PV) cells

● Thermal energy using solar heaters and collectors

Solar energy is:

● Renewable
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● Non-polluting

● Freely available

● Silent in operation

2.2 Solar Energy Potential in India

India receives:

● 4–7 kWh/m²/day of solar radiation

● Nearly 300 sunny days per year

This gives India a solar potential of:

● Over 750 GW

This makes India one of the best countries for solar power generation.

2.3 Government Initiatives

To promote solar energy, the government has launched:

● Off-Grid Solar PV Programme, including:

○ Solar lamps

○ Solar pumps

○ Solar street lights
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● Rooftop solar systems for:

○ Homes

○ Industries

○ Institutions

The National Institute of Solar Energy (NISE):

● Conducts training and testing

● Supports solar research

● Helps in implementing national solar missions

○
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3. Real-World / Industry Applications (≈ 5 minutes)

● Rooftop solar systems in homes

● Solar-powered irrigation pumps

● Solar street lighting

● Remote village electrification

4. Summary & Q&A (≈ 5 minutes)

Key Points

● Solar energy is clean and renewable

● India has huge solar potential

● NISE plays a key role in solar development

5. Mentorship Note

Understanding solar energy basics prepares you for:

● Future lectures on solar cells and PV systems

● Careers in renewable energy and green technology

Lecture 2: Solar Radiation Fundamentals

(Approx. 30 minutes – Conceptual + Analytical Focus)

1. Hook / Introduction (≈ 5 minutes)

● Have you noticed that a solar panel gives maximum power at noon
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● But gives less power in the morning and evening?

The reason is solar radiation intensity.
To become a good solar engineer, you must first understand:

● How sunlight reaches the Earth

● How strong that sunlight is

2. Core Concepts (≈ 20 minutes)

2.1 What is Solar Radiation?

● Solar radiation is energy emitted by the Sun in the form of electromagnetic waves.

These waves include:

● Ultraviolet (UV)

● Visible light

● Infrared (IR)
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2.2 Electromagnetic Radiation

● Solar radiation can travel through vacuum, so it reaches Earth without any
medium.

Important properties:

● Travels at the speed of light

● Energy depends on frequency

● Shorter wavelength → higher energy

2.3 Intensity of Light

● Intensity of light is the amount of solar power received per unit area.

Unit:

● W/m²

Standard test condition:

● 1000 W/m²

● Higher intensity → Higher solar panel output
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3. Real-World / Industry Applications (≈ 5 minutes)

● Solar panel ratings depend on radiation intensity

● Pyranometers measure solar radiation

Radiation data is used for:

● Site selection

● Energy estimation

● System sizing

Example:

● Cloudy weather → low radiation → reduced power output

4. Summary & Q&A (≈ 5 minutes)

Key Points

● Solar radiation is electromagnetic energy

● Light intensity affects solar output

● Radiation measurement is crucial for system design

Typical Student Doubt

Why solar panels don’t work at night?
→ No solar radiation

5. Mentorship Note

Solar radiation fundamentals are core knowledge for:
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● PV system analysis

● Solar plant design

● Energy estimation numericals

Lecture 3: Solar Irradiance Components (DNI, DHI, GHI)

1. Hook / Introduction (≈ 5 minutes)

● Students, have you noticed that even on cloudy days, solar panels still generate
some power?

● If sunlight is blocked by clouds, then where does this power come from?

The answer lies in different components of solar irradiance.
Understanding these components helps engineers:

● Estimate solar power accurately

● Avoid design mistakes

2. Core Concepts (≈ 40 minutes)

● Solar irradiance is the amount of solar power received per unit area.

● Unit: W/m²

There are three main components:

1. Direct Normal Irradiance (DNI)

● Sunlight coming directly from the sun

● Strongest component
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● Measured perpendicular to sun rays

2. Diffuse Horizontal Irradiance (DHI)

● Sunlight scattered by:

○ Clouds

○ Dust

○ Atmosphere

● Available even when the sun is not visible

3. Global Horizontal Irradiance (GHI)

● Total solar radiation on a horizontal surface
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Factors Affecting Irradiance

● Time of day

● Season

● Cloud cover

● Atmospheric pollution

3. Real-World / Industry Applications (≈ 10 minutes)

● Rooftop solar systems are designed using GHI

● Tracking solar plants depend mainly on DNI

● Radiation data is collected using pyranometers

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● DNI = direct sunlight

● DHI = scattered light

● GHI = total radiation

Common Doubt

Why solar output reduces on cloudy days?
→ DNI reduces, only DHI remains

5. Mentorship Note
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Mastering irradiance concepts is essential for:

● Energy estimation numericals

● Solar plant design careers

Lecture 4: Albedo

1. Hook / Introduction (≈ 5 minutes)
● Let me ask you a simple question:

Why do you feel more heat when walking on a black road compared to a white
marble floor under the same sunlight?

● Both surfaces receive the same sunlight, but they behave differently.

● This difference is due to a property called Albedo.

● In solar engineering, understanding albedo can help us increase solar power
output without adding extra panels—simply by smart design.

● Today’s topic, Albedo, looks small but plays a big role in modern solar power
plants, especially with bifacial solar panels.

2. Core Concepts (≈ 40 minutes)

2.1 Meaning of Albedo

● Albedo is defined as:

The ratio of reflected solar radiation to the total incident solar radiation on a
surface.

Albedo value ranges from 0 to 1
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● Interpretation:

○ Higher albedo → more reflection

○ Lower albedo → more absorption

2.2 Albedo of Different Surfaces
Surface Albedo Value (Approx.)

Fresh snow 0.8 – 0.9

White concrete 0.5 – 0.6

Dry sand 0.3 – 0.4

Soil 0.1 – 0.2

Water 0.05 – 0.1

Black asphalt 0.04
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2.3 Role of Albedo in Solar Energy Systems

● In traditional solar panels:

○ Only front-side radiation is used

● In bifacial solar panels:

○ Radiation reflected from the ground (due to albedo) is also captured by the
rear side of the panel

So,

● Higher ground albedo → higher rear-side radiation

● More radiation → higher power output

This is why solar farms sometimes use:

● White gravel

● Reflective sheets

● Concrete surfaces

2.4 Factors Affecting Albedo

● Surface color

○ Lighter surfaces have higher albedo

● Surface texture

○ Smooth surfaces reflect more

● Moisture content
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○ Wet surfaces have lower albedo

● Season

○ Snow increases albedo in w

3. Real-World / Industry Applications (≈ 10 minutes)

● Bifacial solar power plants use albedo to increase energy by 5–30%

● Desert solar farms benefit from naturally high albedo sand

● Engineers calculate bifacial gain during plant design

● Albedo measurement is done using albedometers
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Daily-life example:

● Wearing light-colored clothes in summer keeps you cooler because of higher
albedo

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Albedo measures reflection capability of a surface

● Value ranges from 0 to 1

● High albedo surfaces improve bifacial panel output

● Albedo is a design optimization parameter

Typical Student Questions

Q: Does albedo affect single-sided panels?

● A: Effect is very small; major impact is on bifacial panels.

Q: Can we artificially increase albedo?

● A: Yes, using white gravel or reflective materials.

5. Mentorship Note (Career Perspective)

● Understanding albedo moves you from being just a panel installer to a solar
system designer.

● This topic is especially useful for:

○ Solar farm design engineers
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○ EPC companies

○ Performance optimization roles

○ Advanced projects on bifacial PV systems

Lecture 5: Solar Cell Technology

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me ask you something interesting:
How does a simple calculator work without any battery change for years?

● There is no fuel, no motor, no sound—yet electricity is produced.

● The answer lies in a solar cell.

● Solar cell technology is the heart of solar energy systems.

● No matter how advanced the inverter or tracking system is, everything begins
with the solar cell.

● Today’s lecture will help you understand:

○ How sunlight directly converts into electrical energy

○ Why different types of solar cells are used in different applications

2. Core Concepts (≈ 40 minutes)

2.1 What is a Solar Cell?

● A solar cell is a semiconductor device that converts solar energy directly into
electrical energy using the photovoltaic effect.
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● Key characteristics:

○ No moving parts

○ Produces DC electricity

○ Works silently and continuously in sunlight

2.2 Photovoltaic Effect (Basic Working Principle)

When sunlight falls on a solar cell:

● Light energy hits the semiconductor material

● Electrons gain energy and become free

● An electric field forces electrons to move

● This movement creates electric current

2.3 Construction of a Solar Cell
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A typical silicon solar cell consists of:

● P-type silicon layer

● N-type silicon layer

● PN junction

● Front metal grid (to collect electrons)

● Back contact

2.4 Types of Solar Cells

1. Monocrystalline Solar Cells
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● Made from single-crystal silicon

● High efficiency (18–22%)

● Long life

● Costly

Identified by dark black color

2. Polycrystalline Solar Cells

● Made from multiple silicon crystals

● Moderate efficiency (15–18%)

● Lower cost

Identified by bluish, grainy appearance

3. Thin Film Solar Cells

● Made by depositing thin layers on glass or plastic

● Low efficiency

● Lightweight and flexible

Used in calculators, small gadgets
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3. Real-World / Industry Applications (≈ 10 minutes)

● Rooftop solar systems mainly use:

○ Monocrystalline cells

○ Polycrystalline cells

● Solar power plants choose cell type based on:

○ Land availability

○ Cost

○ Efficiency

● Portable devices use thin-film cells

● Engineers select solar cells by balancing:

○ Cost
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○ Efficiency

○ Available are

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Solar cell converts sunlight directly into electricity

● Works on the photovoltaic effect

● PN junction is the core component

● Different cell types suit different applications

Common Student Doubts

Q: Why solar cells produce DC power?

● A: Electron flow is in one direction due to PN junction.

Q: Which solar cell is best?

● A: Depends on application, cost, and efficiency requirement.

5. Mentorship Note (Career Perspective)

● Solar cell technology is foundational knowledge for:

○ Solar design engineers

○ EPC companies

○ Research and testing labs
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○ Higher studies in renewable energy

Lecture 6: Solar Cell, Module & Array

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me ask you a practical question:
If one solar cell produces only about 0.5 volts, how can a solar panel power your
house or even a factory?

● The answer is an intelligent combination of solar cells.

● Just like:

○ One brick cannot make a house

○ One solar cell cannot meet our power needs

● That is why engineers design:

○ Solar modules

○ Solar arrays

● Today’s lecture explains how small solar cells are combined step-by-step to create
powerful solar energy systems.

2. Core Concepts (≈ 40 minutes)

2.1 Solar Cell

● A solar cell is the basic building block of a solar PV system.
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● Produces DC voltage (≈ 0.5–0.6 V per cell).

● Converts sunlight into electricity using photovoltaic effect.

● Cannot be used alone for practical loads.

2.2 Solar Module

● A solar module is formed by connecting many solar cells together and sealing
them into a protective structure.

Main components of a solar module:

● Multiple solar cells

● Tempered glass (front protection)

● EVA encapsulation

● Back sheet
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● Aluminium frame

● Cells in a module are generally connected in series to increase voltage.

2.3 Solar Array

● A solar array is formed by interconnecting two or more solar modules to achieve
required:

○ Voltage

○ Current

○ Power

● Series connection → increases voltage

● Parallel connection → increases current

● Combination of series-parallel → used in large systems
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2.4 Series and Parallel Connections

Series Connection

● Voltage increases

● Current remains same

● Used when higher voltage is required

Parallel Connection

● Current increases

● Voltage remains same

● Used when higher current is required

Simple analogy:

● Series = water tanks stacked vertically (more pressure)

● Parallel = multiple pipes side by side (more flow)
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2.5 Importance of Proper Array Design

● Improper design can cause:

○ Mismatch losses

○ Reduced efficiency

○ Damage to inverter

● Engineers must consider:

○ Load requirement

○ Inverter rating
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○ Shading conditions

3. Real-World / Industry Applications (≈ 10 minutes)

● Rooftop solar systems use series-parallel modules to match inverter voltage.

● Solar power plants use large arrays for megawatt power.

● Array configuration is critical for:

○ Maximum energy extraction

○ Safety

○ Reliability

Daily-life example:

● Street lights use small arrays

● Solar farms use thousands of interconnected modules

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Solar cell is the smallest unit

● Module is a group of cells

● Array is a group of modules

● Series increases voltage

● Parallel increases current
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Typical Student Questions

● Q: Can different panels be connected together?
A: Not recommended due to mismatch losses.

● Q: Why modules are glass-covered?
A: To protect cells from environment and damage.

5. Mentorship Note (Career Perspective)

● Understanding cell–module–array design is essential for:

○ Solar installation engineers

○ EPC companies

○ System designers

○ Field technicians

Lecture 7: PV Characteristics & Performance

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me start with a question:
If a solar panel is rated at 550 W, does it always give 550 W output?

● Most people think the answer is yes.

● But in reality, solar panels rarely operate at their rated power.

● The actual output depends on:

○ Sunlight
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○ Temperature

○ Load conditions

● Understanding this behavior is the job of an electrical engineer.

● Today’s topic — PV Characteristics and Performance — is:

○ The most important topic of Unit-II

○ Heavily asked in exams

○ Directly linked with laboratory experiments

2. Core Concepts (≈ 40 minutes)

2.1 I–V Characteristics of a Solar Cell

● The I–V (Current–Voltage) characteristic shows how current varies with voltage
for a solar cell.

Key points on the I–V curve:

● Short Circuit Current (Isc):

○ Current when voltage = 0

● Open Circuit Voltage (Voc):

○ Voltage when current = 0

● Operating Region:
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○ Between Isc and Voc

2.2 P–V Characteristics

● The P–V (Power–Voltage) curve shows how output power changes with voltage.

● Power = Voltage × Current

● Power:

○ Increases with voltage

○ Reaches a maximum

○ Then decreases
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2.3 Maximum Power Point (MPP)

● The point on the P–V curve where power is maximum is called the Maximum
Power Point (MPP).

● At MPP:

○ Solar panel works at highest efficiency

● Voltage and current at this point are:

○ Vmp

○ Imp

● Modern inverters use MPPT (Maximum Power Point Tracking) to continuously
operate at this point.

Analogy:
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● MPP is like riding a bicycle in the best gear — maximum speed with minimum
effort

2.4 Fill Factor (FF)

● Fill Factor indicates the quality of a solar cell.

● Fill Factor formula:

Fill Factor

Vmp × Imp
——————
Voc × Isc

● Higher FF → better solar cell

● Typical value:

○ 0.7 to 0.8
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2.5 Effect of Irradiance on PV Characteristics

● Increase in irradiance causes:

○ Isc increases

○ Output power increases

○ Voltage increases slightly

3. Real-World / Industry Applications (≈ 10 minutes)

● Used in solar panel testing

● Helps detect:
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○ Faulty panels

○ Shading issues

○ Degradation

● Core concept in solar I–V testers

● Important for:

○ Energy estimation

○ Performance analysis

○ Preventive maintenance

Lab Connection:

● Most solar practicals in your syllabus are directly based on this topic

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● I–V curve shows current behavior

● P–V curve shows power behavior

● MPP gives maximum output

● Fill factor shows cell quality

● Irradiance strongly affects performance

Typical Student Doubts
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● Q: Why voltage changes less than current?
A: Voltage depends on cell material; current depends on sunlight.

● Q: Why MPPT is necessary?
A: To always extract maximum power.

5. Mentorship Note (Career Perspective)

● This topic is the backbone of solar engineering.

● Mastering PV characteristics helps you in:

○ Solar plant commissioning

○ Performance testing jobs

○ O&M (Operation & Maintenance)

○ Higher studies and certifications in renewable energy

Lecture 8: Sun–Earth Geometry

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me ask you a simple question:
Why do we experience summer, winter, and equal day–night periods in a year,
even though the Sun is always shining?

● The Sun does not change its power, but the position of the Earth relative to the
Sun changes throughout the year.

● This relationship is known as Sun–Earth Geometry.

● For solar engineers, understanding this geometry is extremely important because
it explains:
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○ Seasonal variation in solar energy availability

● Today’s topic helps you understand why solar power output changes month by
month, even at the same location.

2. Core Concepts (≈ 40 minutes)

2.1 Earth’s Motion and Tilt

● The Earth moves around the Sun in an elliptical orbit.

● It completes one revolution in 365 days.

Important point:

● The Earth’s axis is tilted by 23.5° with respect to its orbital plane.

● This tilt is the main reason for:

○ Seasons

○ Variation in sunlight intensity

○ Change in day length
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2.2 Equinox

● Equinox occurs twice a year:

○ Around 21 March

○ Around 23 September

Characteristics:

● Day and night are equal (12 hours each)

● Sun’s rays fall directly on the equator
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2.3 Summer Solstice

● Summer Solstice occurs around 21 June.

Characteristics:

● Longest day in the Northern Hemisphere

● Sun appears directly overhead at Tropic of Cancer

● Maximum solar radiation received in India

● This is why:

○ Solar panels generate maximum energy in summer
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2.4 Winter Solstice

● Winter Solstice occurs around 21 December.

Characteristics:

● Shortest day in the Northern Hemisphere

● Sun’s rays fall on Tropic of Capricorn

● Minimum solar radiation in India
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2.5 Importance of Sun–Earth Geometry in Solar Energy

● Because of Earth’s tilt and revolution:

○ Sun angle changes daily and seasonally

○ Solar radiation varies throughout the year

○ Solar panel output changes even if system remains same

3. Real-World / Industry Applications (≈ 10 minutes)

● Used in annual energy yield estimation

● Helps decide tilt angle adjustments for seasonal optimization
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● Important for:

○ Solar farm planning

○ Solar simulation software

○ Performance ratio analysis

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Earth’s tilt causes seasons

● Equinox → equal day and night

● Summer solstice → longest day

● Winter solstice → shortest day

● Sun–Earth geometry affects solar power output

Typical Student Doubts

● Q: Why solar output is low in winter?
A: Lower sun angle and shorter daylight hours.

● Q: Does distance from Sun affect seasons?
A: No, Earth’s tilt causes seasons.

5. Mentorship Note (Career Perspective)

● Sun–Earth geometry is foundational for:

○ Solar system design
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○ Energy estimation numericals

○ Advanced solar simulation tools

Lecture 9: Solar Angles & Calculations

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me ask you a practical question:
Why do solar panels installed at the same location but at different angles produce
different amounts of energy?

● The answer is simple but powerful — angles decide how much sunlight a panel
receives.

● As electrical engineers working in solar energy:

○ Even a high-quality solar panel will give poor output if the angles are
wrong.

○ Understanding solar angles is essential.

● Today’s topic teaches you how engineers calculate the Sun’s position in the sky at
any time of the day and year.

2. Core Concepts (≈ 40 minutes)

● Solar angles describe the position of the Sun relative to the Earth and the solar
panel.

2.1 Declination Angle (δ)
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● Declination angle is the angle between:

○ The Sun’s rays

○ The Earth’s equatorial plane

● It changes throughout the year due to Earth’s tilt.

● Value ranges from:

○ +23.5° to –23.5°

2.2 Hour Angle (ω)

● Hour angle represents time of the day.

● It is the angular movement of the Sun.

● At solar noon:

○ Hour angle = 0°
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● Each hour:

○ 15°

Analogy:

● Hour angle works like a solar clock

2.3 Altitude Angle (α)

● Altitude angle is the angle between:

○ Sun’s rays

○ Horizontal ground

● Higher altitude means:

○ Sun is higher in the sky
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○ More solar radiation received

2.4 Zenith Angle (θz)

● Zenith angle is the angle between:

○ Sun’s rays

○ Vertical direction

● Relationship:
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○ Zenith angle + Altitude angle = 90°

2.5 Azimuth Angle (γ)

● Azimuth angle shows the horizontal direction of the Sun.

● Measured from south direction in India.

● Direction reference:

○ East side → morning

○ West side → afternoon
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2.6 Why Solar Angle Calculations Matter

● Solar angles help engineers to:

○ Determine panel orientation

○ Calculate tilt angle

○ Estimate energy output

3. Real-World / Industry Applications (≈ 10 minutes)

● Used in solar design software:

○ PVsyst

○ Helioscope
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● Important for:

○ Rooftop system design

○ Solar farm layout

○ Tracking system programming

● Helps in:

○ Exam numericals

○ Field alignment of panels

Daily-life example:

● In winter, the Sun appears lower in the sky due to changes in:

○ Altitude angle

○ Zenith angle

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Declination depends on season

● Hour angle depends on time

● Altitude and zenith describe Sun height

● Azimuth describes Sun direction

● Correct angles maximize solar output

Typical Student Doubts
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● Q: Why azimuth is measured from south in India?
A: Because the Sun remains in the southern sky for most of the year.

● Q: Which angle is most important?
A: All are important; they work together.

5. Mentorship Note (Career Perspective)

● Solar angle calculations are core design skills.

● Mastering this topic helps you in:

○ Solar system design jobs

○ EPC companies

○ Competitive exams

○ Higher studies in renewable energy

Lecture 10: Tilt Angle & Orientation of Solar Panels

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me ask you a practical question:
If two identical solar panels are installed at the same place, why does one
produce more electricity than the other?

● The answer is not the panel quality — it is tilt angle and orientation.

● In solar engineering:

○ Even a small mistake in tilt or direction can reduce energy output
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○ This loss continues for the entire life of the system (nearly 25 years)

● Today’s topic will teach you how engineers position solar panels correctly to
capture maximum sunlight throughout the year.

2. Core Concepts (≈ 40 minutes)

2.1 What is Tilt Angle?

● The tilt angle is the angle between:

○ The solar panel surface

○ The horizontal ground

● If panel is flat:

○ Tilt angle = 0°

● If panel is vertical:

○ Tilt angle = 90°

● The purpose of tilt angle:

○ To ensure Sun rays fall as close as possible to perpendicular on the panel
surface

○ This maximizes energy absorption
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2.2 Importance of Correct Tilt Angle

● Correct tilt angle:

○ Increases solar radiation received

○ Improves annual energy generation

○ Reduces dust accumulation

○ Improves rainwater cleaning of panels

Simple analogy:

● Just like you tilt your face toward the Sun in winter to feel more warmth, solar
panels must also be tilted correctly
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2.3 Factors Affecting Tilt Angle

● Latitude of the location

● General rule:

○ Optimum tilt angle ≈ Latitude of the place

● Seasonal variation:

○ Summer → lower tilt

○ Winter → higher tilt

● Type of installation:

○ Fixed rooftop

○ Adjustable structure

○ Tracking system
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2.4 Orientation of Solar Panels

● Orientation means the direction in which the solar panel faces.

● In India (Northern Hemisphere):

○ Panels should face South

● Directional impact:

○ East-facing panels → better morning output

○ West-facing panels → better afternoon output

2.5 Effect of Wrong Tilt and Orientation
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● Incorrect tilt or orientation causes:

○ Reduced energy generation

○ Poor return on investment

○ Increased payback period

3. Real-World / Industry Applications (≈ 10 minutes)

● Used in rooftop solar installations

● Critical for solar farm design

● Applied in:

○ Site survey

○ Plant layout planning

○ Energy yield calculation

Daily-life example:

● Solar water heaters are always tilted and south-facing for maximum heating

● Engineers often use:

○ Solar compass

○ Inclinometer

○ Mobile apps for tilt calculation

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways
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● Tilt angle is the panel inclination from horizontal

● Orientation is the direction of the panel

● South-facing panels are best in India

● Correct tilt maximizes solar energy capture

Typical Student Doubts

● Q: Can flat panels work?
A: Yes, but with reduced efficiency.

● Q: Is adjustable tilt better than fixed tilt?
A: Yes, but it increases cost.

5. Mentorship Note (Career Perspective)

● Tilt angle and orientation are core practical skills for:

○ Solar installation engineers

○ EPC companies

○ Field technicians

○ Energy auditors

Lecture 11: Solar Inverters & Storage Systems

1. Hook / Introduction (≈ 5 minutes)
Imagine this situation:

○ It is a bright sunny afternoon

○ Your solar panels are producing power
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○ Suddenly there is a grid failure

○ The Sun is still shining, yet your house has no electricity

● Why does this happen?

● The reason lies in two crucial components of a solar system:

○ The inverter

○ The storage system

● Solar panels alone cannot supply usable power.

● They need intelligent electronics to:

○ Convert energy

○ Control power

○ Store energy

● Today, we will understand the brain and backbone of a solar power system:

○ Solar inverters

○ Storage systems

2. Core Concepts (≈ 40 minutes)

2.1 Role of Solar Inverter

● Solar panels generate DC power.

● Homes and industries use AC power.

● A solar inverter:
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○ Converts DC to AC

○ Ensures safe and stable operation

Main functions:

● DC to AC conversion

● Voltage and frequency control

● Grid synchronization

● System protection

2.2 Types of Solar Inverters

Standalone (Off-Grid) Inverter
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● Used where grid is unavailable

● Works with battery storage

Grid-Connected Inverter

● Connected to utility grid

● No battery required

● Automatically shuts down during grid failure (anti-islanding)

Hybrid Inverter

● Combination of grid and battery system

● Most popular in modern installations
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📌

2.3 Solar Energy Storage Systems

● Energy storage stores excess solar energy for later use.

Common storage types:

● Lead-acid batteries:

○ Low cost

○ Short life

● Lithium-ion batteries:
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○ High efficiency

○ Long life

Important battery terms:

● Capacity (Ah)

● Depth of Discharge (DoD)

● Charge-discharge efficiency

2.4 Why Storage is Important

● Storage helps in:

○ Power supply during night

○ Backup during grid failure

○ Reducing electricity bills

○ Improving reliability

3. Real-World / Industry Applications (≈ 10 minutes)

● Used in:

○ Rooftop solar plants

○ Industrial backup systems

○ Telecom towers

○ Rural electrification

● Inverter specifications are crucial for:
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○ Safety compliance

○ Energy efficiency

○ Power quality

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Solar panels produce DC power

● Inverter converts DC to usable AC

● Storage stores excess solar energy

● Hybrid systems are most versatile

Typical Student Doubts

● Q: Can solar work without battery?
A: Yes, grid-connected systems work without batteries.

● Q: Why inverter shuts down during grid failure?
A: For lineman safety (anti-islanding).

5. Mentorship Note (Career Perspective)

● Solar inverters and storage systems are high-demand skills in the renewable
sector.

● Mastery of this topic helps you become:

○ Solar installation engineer

○ Maintenance technician
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○ System designer

○ Energy auditor

Lecture 12: Solar Tracking Systems

1. Hook / Introduction (≈ 5 minutes)

● Have you noticed how sunflowers always face the Sun as it moves across the sky?

○ Solar tracking systems work on the same principle.

● A fixed solar panel captures sunlight only when the Sun is at a favorable angle.

● But what if the panel could follow the Sun throughout the day?

● That is exactly what solar tracking systems do — and they can:

○ Increase energy output by 20–40%

● Today, we will understand:

○ How solar panels track the Sun

○ Why this technology is important in modern solar power plants

2. Core Concepts (≈ 40 minutes)

2.1 What is a Solar Tracking System?

● A solar tracking system automatically adjusts the position of solar panels

● Panels remain perpendicular to the Sun’s rays throughout the day

Main objective:
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● Maximize solar radiation on the panel surface

● Increase energy generation

2.2 Components of a Solar Tracking System

Key components include:

● Solar panel mounting structure
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● Motors or actuators

● Sensors (light-dependent resistors)

● Controller unit

● Power supply

2.3 Types of Solar Tracking Systems

a) Single-Axis Tracking System

● Tracks Sun in one direction (east–west)



113
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

● Simpler and low cost

● Commonly used in large solar farms

b) Dual-Axis Tracking System

● Tracks Sun in two directions (east–west and north–south)

● Highest efficiency

● Used in high-precision applications

2.4 Methods of Tracking

Active Tracking

● Uses sensors and motors
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● High accuracy

Passive Tracking

● Uses thermal expansion

● Low maintenance

2.5 Advantages and Limitations

Advantages:

● Higher energy output

● Better land utilization

Limitations:

● Higher initial cost

● More maintenance

● Not ideal for small rooftops

3. Real-World / Industry Applications (≈ 10 minutes)

● Widely used in:

○ Utility-scale solar power plants

○ Solar parks

● Helps reduce:

○ Levelized Cost of Energy (LCOE)
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● Used in:

○ Solar research labs

○ Space applications

Daily-life example:

● Mobile phone auto-brightness sensors work similarly to solar sensors

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Solar trackers follow the Sun’s movement

● Increase energy generation by up to 40%

● Single-axis is common in solar farms

● Dual-axis gives maximum efficiency

Typical Student Doubts

● Q: Why not use trackers everywhere?
A: Cost and maintenance make fixed systems better for rooftops.

● Q: Do trackers work in cloudy weather?
A: Yes, but with reduced benefit.

5. Mentorship Note (Career Perspective)

● Solar tracking systems combine:

○ Electrical engineering
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○ Mechanical engineering

○ Control engineering

● Mastering this topic opens careers in:

○ Solar power plant design

○ Automation and control systems

○ Renewable energy research

Lecture 13: Shadow Analysis in Solar Energy Systems

1. Hook / Introduction (≈ 5 minutes)

● Good morning students.

● Let me start with a simple observation:
Have you noticed that even a small shadow on a solar panel can drastically
reduce its output?

● Unlike conventional electrical systems:

○ Solar panels are extremely sensitive to shading.

● A shadow from:

○ Nearby tree

○ Building

○ Electric pole

○ Even another panel
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● can reduce power generation by 30–70%.

● That is why shadow analysis is a critical step before installing any solar power
system.

2. Core Concepts (≈ 40 minutes)

2.1 What is Shadow Analysis?

● Shadow analysis is the study of:

○ How shadows fall on a solar panel or solar array

○ Throughout the day and year

Purpose:

● Identify shading obstacles

● Minimize energy losses

● Optimize panel placement and spacing
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2.2 Why Shadows Are Dangerous for Solar Panels

● Solar cells in a module are connected in series.

● If one cell is shaded:

○ Current of entire string reduces

○ Power output drops significantly

○ Hot spots may occur, damaging the panel

2.3 Types of Shadows

Fixed Shadows
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● Buildings

● Trees

● Chimneys

● Poles

Moving Shadows

● Sun movement

● Seasonal changes
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2.4 Seasonal Effect on Shadows

● In winter:

○ Sun is lower → longer shadows

● In summer:

○ Sun is higher → shorter shadows

● This means:

○ A shadow-free roof in summer may get shaded in winter

2.5 Methods of Shadow Analysis
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● Manual site survey

● Use of sun path diagrams

● Shadow analysis software

● Solar pathfinder tools

3. Real-World / Industry Applications (≈ 10 minutes)

● Used during:

○ Site survey

○ System design stage

● Helps decide:

○ Panel spacing

○ Row-to-row distance in solar farms

● Improves:

○ Energy yield

○ System reliability

Daily-life example:

● Drying clothes in shade takes longer — same principle applies to solar panels

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways
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● Even small shadows cause big losses

● Shadow analysis prevents power reduction

● Seasonal Sun movement must be considered

● Proper spacing avoids shading issues

Typical Student Doubts

● Q: Do bypass diodes remove shading loss?
A: They reduce damage, but power loss still exists.

● Q: Is shadow analysis needed for rooftops?
A: Yes, especially near trees and buildings.

5. Mentorship Note (Career Perspective)

● Shadow analysis is a critical design skill for:

○ Solar site engineers

○ EPC professionals

○ Solar consultants

○ Energy auditors

Lecture14: Solar Farm Overview

1. Hook / Introduction (≈ 5 minutes)

● Imagine standing in a field where thousands of solar panels stretch as far as your
eyes can see, all producing clean electricity silently.
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● This is not science fiction — this is a solar farm.

● India is rapidly building large solar farms to:

○ Meet energy demand

○ Reduce pollution

● Understanding how a solar farm works gives you a big-picture view of how all the
topics you studied so far come together in a real-world system.

● Today’s lecture will help you understand:

○ Layout

○ Components

○ Operation

○ Importance of solar farms

2. Core Concepts (≈ 40 minutes)

2.1 What is a Solar Farm?

● A solar farm is a large-scale solar power plant designed to:

○ Generate electricity

○ Supply it to the utility grid

● Capacity range:

○ From 1 MW to 1000+ MW
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2.2 Major Components of a Solar Farm

Solar PV Modules

● Convert sunlight into DC electricity

Mounting Structures

● Fixed tilt or tracking systems

● Ensure correct tilt and orientation

Inverters

● Convert DC to AC
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● Central or string inverters

Transformers

● Step-up voltage for transmission

Transmission Lines

● Carry power to the grid substation

2.3 Layout and Spacing

● Panels arranged in rows

● Proper spacing avoids shadow losses

● Orientation usually south-facing in India
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Factors affecting layout:

● Land availability

● Sun path

● Maintenance access

2.4 Operation and Monitoring

● Solar farms use:

○ SCADA systems

○ Remote monitoring

○ Weather stations
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● These systems help in:

○ Performance tracking

○ Fault detection

○ Energy forecasting

2.5 Advantages and Challenges

Advantages:

● Clean and renewable energy

● Low operating cost

● Scalable power generation

Challenges:

● Large land requirement

● Initial capital cost

● Grid integration issues

3. Real-World / Industry Applications (≈ 10 minutes)

● Utility-scale electricity generation

● Power purchase agreements (PPAs)

● Rural electrification support

Examples:
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● Bhadla Solar Park (Rajasthan)

● Pavagada Solar Park (Karnataka)

Daily-life example:

● Solar farms work like giant power stations, but without smoke or noise

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Solar farms generate large-scale electricity

● Consist of panels, inverters, transformers, and grid

● Layout and spacing are critical

● Monitoring ensures efficiency

Typical Student Doubts

● Q: Why are solar farms built in deserts?
A: High sunlight availability and large open land.

● Q: Do solar farms work at night?
A: No, but energy is supplied from the grid.

5. Mentorship Note (Career Perspective)

● Solar farms offer huge career opportunities for diploma engineers.

● You can work as:
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○ Site engineer

○ Operation & Maintenance (O&M) engineer

○ Solar technician

○ EPC supervisor

Student AI Toolkit – Unit 2: Solar Energy

A. Low-Level Prompts (Remember & Understand)

(Use these to build strong fundamentals and exam-ready definitions)

1. “Explain this topic in very simple words as if I am a first-time learner. Use short
sentences and examples.”

2. “List and define all important terms related to this unit in a table with one-line
explanations.”

3. “Explain the concept step by step and highlight key points that are important for
diploma exams.”

4. “Summarize this topic in 10 clear bullet points suitable for quick revision before
exams.”

5. “Explain the difference between closely related terms from this unit using simple
comparison.”

6. “Create easy-to-remember points or mnemonics to understand this topic better.”

7. “Explain this topic using a real-life daily example that a student can easily relate
to.”

8. “What are the main objectives of studying this topic? Explain in simple
language.”

9. “Explain this topic as short notes suitable for writing a 5-mark answer.”
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10. “Explain common mistakes students make while understanding this topic and
clarify them.”

B. Moderate-Level Prompts (Apply & Analyze)

(Use these to strengthen problem-solving, numericals, and application understanding)

11. “Explain how this concept is applied in real engineering systems with practical
examples.”

12. “Compare two related concepts from this unit and explain where each one is
used.”

13. “Give a step-by-step method to solve numerical or application-based questions
from this topic.”

14. “Explain this topic using a simple block diagram and describe each block
clearly.”

15. “Analyze why this concept is important for system performance and efficiency.”

16. “Create exam-oriented questions (2-mark, 5-mark, and 10-mark) with brief
answer hints.”

17. “Explain how changing one parameter in this concept affects the overall system.”

18. “Give a practical case study or situation where this topic is used and explain it
clearly.”

19. “Explain advantages, limitations, and applications of this topic in a structured
format.”

20. “Help me connect this topic with previously studied topics in the same unit.”

C. High-Level Prompts (Design & Create)

(Use these for distinction-level preparation, projects, and interviews)
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21. “Design a simple system or workflow based on this topic and explain each step
logically.”

22. “Explain how you would select or optimize parameters related to this topic for
best performance.”

23. “Create a concept map or flowchart description that connects all major ideas of
this topic.”

24. “Assume you are an engineer—explain how you would apply this concept in a
real project from start to end.”

25. “Create a mini revision guide for this topic including definitions, diagrams,
numericals, and exam tips.”

How Students Should Use This Toolkit

● Use Level A prompts for first learning & revision

● Use Level B prompts before tests, numericals, and viva

● Use Level C prompts for projects, interviews, and distinction scores

UNIT–2 : SOLAR ENERGY

MASTERY CHECK (Knowledge + Application)

1. Key Definitions / Glossary (15 Important Terms)

One-line, simple, frequently asked in exams, vivas, and practicals

1. Solar Energy
Energy obtained from the Sun in the form of heat and light.
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2. Solar Radiation
The amount of solar energy received per unit area on Earth’s surface.

3. Solar Constant
The average solar power received outside Earth’s atmosphere per unit area.

4. Photovoltaic (PV) Effect
The process by which a solar cell converts sunlight directly into electricity.

5. Solar Cell
A semiconductor device that converts solar energy into electrical energy.

6. Solar Module (Panel)
A combination of solar cells connected together to produce higher power.

7. Solar Array
A group of solar panels connected together to meet power requirements.

8. Maximum Power Point (MPP)
The operating point at which a solar panel delivers maximum power.

9. Efficiency of Solar Cell
The ratio of electrical output power to the incident solar power.

10. Inverter
A device that converts DC power from solar panels into AC power.

11. Solar Tracking System
A mechanism that adjusts panel position to follow the Sun’s movement.

12. Shadow Analysis
The study of shading effects on solar panels to reduce power loss.

13. Tilt Angle
The angle between the solar panel surface and the horizontal plane.

14. Bypass Diode
A diode used to reduce damage and power loss due to shading.
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15. Solar Farm
A large-scale solar power plant that supplies electricity to the grid.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 Questions – Conceptual + Application Based)

1. Solar energy mainly reaches the Earth in the form of:
A. Electrical energy
B. Chemical energy
C. Heat and light energy
D. Mechanical energy

2. The photovoltaic effect is related to:
A. Heat generation
B. Light absorption and electric current generation
C. Magnetic field production
D. Wind energy conversion

3. A solar cell is made using which material commonly?
A. Copper
B. Aluminium
C. Silicon
D. Iron

4. Solar cells in a module are usually connected in:
A. Parallel only
B. Series only
C. Series–parallel combination
D. Delta connection

5. The maximum power point of a solar panel depends on:
A. Panel color
B. Temperature and solar radiation
C. Shape of panel
D. Type of mounting structure
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6. Which device converts DC power to AC power in a solar system?
A. Rectifier
B. Transformer
C. Inverter
D. Battery

7. A solar tracking system is mainly used to:
A. Reduce panel cost
B. Increase energy generation
C. Reduce panel temperature
D. Store energy

8. Single-axis solar trackers track the Sun in:
A. Two directions
B. East–west direction only
C. North–south direction only
D. Vertical direction

9. Dual-axis tracking systems are preferred when:
A. Cost is minimum
B. Maintenance is zero
C. Maximum efficiency is required
D. Space is limited

10. Shadow on a small portion of a solar panel causes:
A. No effect
B. Slight increase in power
C. Large reduction in output
D. Increase in voltage

11. Shadow analysis is mainly done to:
A. Improve panel color
B. Increase wiring length
C. Avoid power losses
D. Reduce inverter size

12. In winter season, shadows are:
A. Shorter
B. Longer
C. Same as summer
D. Not present
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13. Bypass diodes are used to:
A. Increase voltage
B. Reduce shading damage
C. Store energy
D. Cool the panel

14. Solar farms generally supply power to:
A. Batteries only
B. DC loads only
C. Utility grid
D. Motors directly

15. In India, solar panels are usually oriented towards:
A. North
B. South
C. East
D. West

16. SCADA systems in solar farms are used for:
A. Cleaning panels
B. Manual switching
C. Monitoring and control
D. Energy storage

17. The efficiency of a solar cell mainly depends on:
A. Wire length
B. Semiconductor material
C. Panel color
D. Mounting height

18. Which application commonly uses solar tracking systems?
A. Small rooftop systems
B. Utility-scale solar plants
C. Torch lights
D. Mobile chargers

19. A solar module produces which type of output?
A. AC
B. DC
C. Pulsating DC
D. High-frequency AC
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20. Large land availability is important mainly for:
A. Rooftop systems
B. Solar lanterns
C. Solar farms
D. Portable chargers

Answer Key (MCQs)

1. C

2. B

3. C

4. C

5. B

6. C

7. B

8. B

9. C

10. C

11. C

12. B

13. B

14. C

15. B
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16. C

17. B

18. B

19. B

20. C

B. Short Answer / Viva Questions (10 Questions)

1. Define photovoltaic effect and explain its importance in solar energy systems.

2. Why are solar cells connected in series and parallel combinations?

3. Explain why solar panel output decreases when temperature increases.

4. What is the purpose of a solar tracking system? Name its types.

5. Why is shadow analysis essential before installing a solar power system?

6. Explain the function of an inverter in a solar PV system.

7. Why are solar panels tilted instead of being kept flat?

8. What problems occur if one solar cell in a module is shaded?

9. State two advantages and two limitations of solar energy systems.

10. Why are large solar farms preferred over small systems for grid power
generation?

UNIT–2 : SOLAR ENERGY

DIGITAL RESOURCE LIBRARY
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1. AI Tools & Digital Learning Tools

Free / easily accessible tools that support visualization, simulation, and
concept mastery

1. PVsyst (Educational / Demo Version)

Purpose / Use-case:

● Solar PV system design and performance simulation

How it helps in this unit:

● Helps students understand solar array sizing, energy generation, losses, and
system behavior

● Useful for topics like solar panels, inverters, shadow losses, and solar farms

2. NREL PVWatts Calculator (Online Tool)

Purpose / Use-case:

● Estimates solar energy production based on location and system size

How it helps in this unit:

● Visualizes effect of tilt angle, orientation, and sunlight availability

● Builds practical understanding of energy output calculation

3. Virtual Labs – Solar Energy (MHRD / IITs)

Purpose / Use-case:
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● Conduct virtual experiments on solar cells and PV systems

How it helps in this unit:

● Enables experimentation with I–V characteristics, efficiency, and panel behavior

● Very helpful for practical exams and viva preparation

4. SketchUp (Free Web Version)

Purpose / Use-case:

● 3D modeling and shadow visualization

How it helps in this unit:

● Helps students visualize shadow analysis, panel spacing, and solar farm layout

● Improves spatial understanding of installation design

5. AI Assistants (ChatGPT / AI Tutors)

Purpose / Use-case:

● Concept explanation, summaries, and exam practice

How it helps in this unit:

● Generates simple explanations, MCQs, viva questions, and revision notes

● Useful for doubt clearing and last-minute revision

2. Video Learning Repository
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Reliable, Diploma-level, exam-oriented video resources
(Use search keywords — do not use direct links)

Solar Energy Curriculum & Study Resources

Topic Name Recommended
Channel / Course /
Lecturer

Search Keywords

Introduction to
Solar Energy

NPTEL – Prof. Chetan
Singh Solanki

“NPTEL solar
energy
introduction
diploma”

Solar Radiation &
Solar Constant

NPTEL Renewable
Energy

“solar radiation
solar constant
NPTEL”

Photovoltaic
Effect & Solar
Cell

Engineering
Explained (Indian
Faculty)

“photovoltaic
effect solar cell
diploma”

Construction of
Solar Cell &
Module

Gate Smashers “solar cell
construction
photovoltaic”

I–V
Characteristics of
Solar Cell

NPTEL / Virtual Labs “I V
characteristics of
solar cell”

Solar Panels &
Array
Configuration

Electrical4U / Ekeeda “solar panel series
parallel
connection”
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Solar Inverters Ekeeda Electrical “solar inverter
types grid off grid
hybrid”

Solar Energy
Storage Systems

NPTEL Energy
Storage

“solar battery
energy storage
system”

Solar Tracking
Systems

NPTEL / IIT Lectures “solar tracking
system single dual
axis”

Shadow Analysis
in Solar PV

Solar Energy
International (SEI)

“shadow analysis
solar pv system”

Solar Farm
Components &
Layout

NPTEL Power Plant
Engineering

“solar power plant
layout solar farm”

Monitoring &
SCADA in Solar
Plants

NPTEL Smart Grid “SCADA solar
power plant
monitoring”

Beyond the Syllabus – Emerging Technologies
A. Bifacial Solar Technology & Albedo Enhancement
In your basic modules, you learn about standard Monofacial PV cells that catch sunlight
on the front. However, the industry has moved toward Bifacial Modules, which have
solar cells on both the front and the back.

● Application of Fundamentals: This extends the concept of Irradiance. While a
standard panel only uses direct sunlight, bifacial panels use Albedo—the sunlight
reflected off the ground (sand, white gravel, or snow) onto the rear side of the
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panel. This requires a deeper understanding of tilt angles and mounting heights to
maximize the "rear-side gain."

● Why it matters for your career: Most large-scale solar farms being built today use
bifacial modules. As a diploma engineer, you will need to know how to install and
maintain these specifically to ensure the backside isn't shaded by mounting rails,
which would cause significant power loss.

B. Green Hydrogen Electrolyzers
You have studied the Photovoltaic Effect to produce electricity. The next big frontier is
using that "Green" electricity to split water ($H_2O$) into Hydrogen and Oxygen using a
device called an Electrolyzer.

● Application of Fundamentals: This is a direct application of Electrochemistry and
Power Electronics. The DC power generated by solar panels must be precisely
controlled (using high-power Buck Converters) to feed the electrolyzer. It turns
"Green Electricity" into "Green Fuel" that can be stored or used in heavy industry
where batteries are too heavy.

● Why it matters for your career: India is launching the National Green Hydrogen
Mission. There will be a massive demand for electrical technicians and junior
engineers who understand the interface between Solar PV arrays and Hydrogen
production plants.

UNIT–2: SOLAR ENERGY

PREDICTED QUESTION BANK (THEORY EXAM FOCUSED)

1. Most Repeated / High-Probability Questions

(These questions are frequently asked in 2–, 4–, and 6–mark formats with minor wording
changes.)

A. Definitions / Short Answer Type (Very High Probability)

1. Define solar energy and state its importance.

2. Define solar constant. Give its approximate value.

3. Define photovoltaic (PV) effect.
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4. Define short-circuit current (Isc) and open-circuit voltage (Voc) of a solar cell.

5. Define fill factor (FF) of a solar cell.

6. Define maximum power point (MPP).

7. Define declination angle.

8. Define hour angle.

9. Define tilt angle of a solar panel.

10. What is meant by solar tracking system?

B. Explain / Descriptive Questions (Very High Probability)

11. Explain the construction and working principle of a solar cell with a neat diagram.

12. Explain the I–V characteristics of a solar cell with proper sketch.

13. Explain the P–V characteristics of a solar cell and indicate the maximum power
point.

14. Explain fill factor and its significance in solar cell performance.

15. Explain the effect of solar irradiance on I–V characteristics of a PV module.

16. Explain Sun–Earth geometry and its importance in solar energy generation.

17. Explain equinox, summer solstice, and winter solstice with suitable diagrams.

18. Explain the need and importance of correct tilt angle of solar panels.

19. Explain the role and functions of a solar inverter.

20. Explain shadow analysis and its importance in solar PV systems.



144
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

C. Diagram-Based / Concept-Focused Questions (High Probability)

21. Draw and explain the I–V and P–V characteristics of a solar cell.

22. Draw a neat diagram showing Sun–Earth geometry.

23. Draw a diagram showing tilt angle and orientation of a solar panel.

24. Draw and explain a block diagram of a grid-connected solar PV system.

25. Draw and explain single-axis and dual-axis solar tracking systems.

26. Draw a block diagram of a solar farm and explain its components.

D. Long Answer / 6–8 Mark Questions (High Weightage)

27. Explain the types of solar inverters and compare them.

28. Explain solar energy storage systems with types of batteries used.

29. Explain advantages and limitations of solar tracking systems.

30. Explain layout, components, and operation of a solar farm.

31. Explain effects of shading on solar panels and methods to reduce losses.

2. Application & Logical Thinking Questions

(Very important for scoring distinction / higher grades)

1. A solar panel produces lower output in winter even on a clear day.
Explain the reasons using Sun–Earth geometry and solar angles.

2. Two solar panels are installed at the same location. One faces south and the other
faces west.
Compare their energy output and justify your answer.
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3. A small portion of a solar panel is shaded by a nearby tree.
Explain how this affects the overall power output of the panel and why.

4. Why is MPPT necessary in modern solar inverters?
Explain how it improves system performance under varying conditions.

5. A solar farm designer increases row-to-row spacing between panels.
Explain how this decision affects energy generation and land utilization.

UNIT–III : WIND ENERGY – DETAILED STUDY
PLAN
Course: Green Technology (4360904)
Programme: Diploma in Electrical Engineering (VI Semester)
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Total Teaching Hours: 12 Hours
Mapped Course Outcome (CO3): Understand the operation of wind turbine generators

1. Teaching–Learning Philosophy
This unit is designed to introduce students to wind energy concepts starting from national
wind potential, basic power calculations, turbine types, measurement instruments, and
finally wind generator systems. The progression follows Outcome-Based Education (OBE)
and NEP-2020 principles, ensuring conceptual clarity, practical relevance, and industry
orientation suitable for Diploma Engineering students.

2. Topic-wise Detailed Study Plan (12 Hours)

Sr. No. Topic &
Sub-topics
(As per
GTU
Syllabus)

Category Time
(Hour)

Learning
Focus
(Diploma
Level)

Exam
Importanc
e

Practical /
Industry
Relevance

1 Introducti
on to
Wind
Energy
• Wind
energy
scenario
in India

Core 1 Awarenes
s of wind
energy
resources

High Renewabl
e energy
planning

2 Wind
Energy
Potential
at
Different
Hub
Heights
• 120 m,
150 m and
above

Core 1 Importanc
e of hub
height in
power
generatio
n

High Site
feasibility
studies

3 Wind
Power
Equation

Core 1 Conceptua
l
understan

Very High Numerical
problem
solving
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• Formula
and terms

ding of
wind
power
calculatio
n
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3. Core, Supporting & Application Topic Classification
Core Topics:
- Wind energy potential in India
- Wind power equation
- Wind power curve

Supporting Topics:
- HAWT & VAWT
- Savonius and Darrieus turbines
- Wind measurement instruments

Application-Oriented Topics:
- Wind generator types
- Performance evaluation of wind turbines

4. OBE and NEP-2020 Alignment
- Outcome-Based Education: Direct mapping with CO3 through analytical and application-
oriented learning.
- Experiential Learning: Supports micro-projects such as small wind power station and
turbine display charts.
- Sustainability Focus: Promotes renewable energy awareness and green skills
development.
- Industry Orientation: Familiarizes students with real wind power plant technologies.

5. Faculty Teaching Guidelines
- Use India wind potential maps for visualization.
- Solve numerical problems on wind power equation.
- Explain wind power curve using real turbine data.
- Relate wind generators with induction machines studied earlier.

Lecture 1: Introduction to Wind Energy & Wind Energy Scenario in India

1. Hook / Introduction (≈ 5 minutes)

“Have you ever felt strong wind while riding a bike or standing near the sea? Now imagine
converting that invisible force into electricity that can light up thousands of homes.”

From ancient sailing ships and windmills used for grinding grain, to today’s giant wind
turbines, humans have always used wind as a source of power. Wind energy is one of the
cleanest and fastest-growing renewable energy sources in the world.
Before we study turbines and generators, we must first understand what wind energy is
and why India considers it a major energy solution.
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2. Core Concepts (≈ 40 minutes)

2.1 What is Wind Energy?

Wind energy is the kinetic energy of moving air.
This energy is created due to uneven heating of the Earth’s surface by the sun. Warm air
rises, cold air moves in to replace it—this movement creates wind.

When wind flows over turbine blades:

● Kinetic energy → Mechanical energy (rotating blades)

● Mechanical energy → Electrical energy (using a generator)

2.2 Why Wind Energy is Important

Wind energy is:

● Renewable – never runs out

● Pollution-free – no smoke, no CO₂
● Fuel-free – wind is free

● Low operating cost after installation

This makes wind energy ideal for a country like India, where:

● Energy demand is increasing rapidly

● Fossil fuels are limited and polluting

2.3 Wind Energy Scenario in India

India is one of the top wind energy producing countries in the world.

Key points:
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● India has vast coastal areas, hill regions, and open plains suitable for wind power

● Major wind power states include:

○ Tamil Nadu

○ Gujarat

○ Maharashtra

○ Karnataka

○ Rajasthan

Wind farms are mostly installed in:

● Coastal regions (sea breeze)

● High-altitude areas

● Open land with steady wind flow

2.4 Role of Government & Agencies

The Ministry of New and Renewable Energy (MNRE) promotes wind energy in India.
Institutions like NIWE (National Institute of Wind Energy) study wind potential, wind
maps, and site feasibility.

India is also moving towards:

● Hybrid wind–solar plants

● Offshore wind energy projects
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3. Real-World / Industry Applications (≈ 10 minutes)

● Wind energy is used in grid-connected power plants

● Supplies electricity to villages, cities, and industries

● Used in hybrid renewable systems with solar power

● Supports green jobs in installation, maintenance, and monitoring

In industry, technicians measure:

● Wind speed

● Wind direction
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● Energy output
(using anemometers and data loggers)

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind energy is clean, renewable, and sustainable

● Wind is created due to uneven heating of the Earth

● India has strong wind potential and ranks among global leaders

● Wind energy reduces pollution and fossil fuel dependence

Common Student Questions

● Why are wind farms not everywhere?

● Why coastal areas are preferred?

● Can wind energy work at night? (Yes!)

Mentorship Note (Career Guidance)

Understanding wind energy basics is the foundation for advanced topics like:

● Wind turbines

● Generators

● Grid integration

● Renewable energy policies
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Lecture 2: Wind Energy Potential at Different Hub Heights (120 m, 150 m &
Above)

1. Hook / Introduction (≈ 5 minutes)

“If two wind turbines are installed at the same location, but one is taller than the other, will
they produce the same power?”

The answer is NO. Just like mobile network signals improve at higher towers, wind power
increases significantly with height. In modern wind farms, turbines are no longer short
structures—they are taller than 40-storey buildings. Today’s lecture will help you
understand why hub height matters and how 120 m, 150 m, and higher towers play a
critical role in energy generation.

2. Core Concepts (≈ 40 minutes)

2.1 What is Hub Height?

Hub height is the vertical distance from the ground level to the center of the wind turbine
rotor.

● Taller hub → stronger and steadier wind

● Shorter hub → turbulent and weaker wind

2.2 Why Wind Speed Increases with Height

Near the ground:

● Trees, buildings, hills create friction

● Wind speed is irregular and turbulent

At higher heights:

● Less obstruction

● Wind flows smoothly
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● Higher average wind speed

2.3 Wind Energy Potential at 120 m Hub Height

At 120 meters:

● Wind speed is higher than traditional 80–100 m turbines

● Suitable for onshore wind farms

● Common in Indian wind projects today

Advantages:

● Increased annual energy production

● Better consistency in power output

● Cost-effective balance between height and construction cost

Used mainly in:

● Gujarat

● Tamil Nadu

● Karnataka

2.4 Wind Energy Potential at 150 m Hub Height

At 150 meters:

● Wind becomes more stable

● Less seasonal variation

● Higher capacity factor (more power throughout the year)
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Advantages:

● Enables wind projects in low-wind regions

● Better grid reliability

● Higher return on investment

This height is becoming popular in:

● New generation wind farms

● Hybrid wind–solar plants

2.5 Wind Energy Potential Above 150 m

Above 150 meters:

● Wind speed increases sharply

● Very high energy output

● Ideal for:

○ Offshore wind

○ Advanced onshore turbines

Challenges:

● Higher tower cost

● Transportation and installation complexity

● Advanced engineering required
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3. Real-World / Industry Applications (≈ 10 minutes)

● Engineers select hub height during site feasibility studies

● Taller turbines help utilize wind energy in moderate wind zones

● Used in repowering projects (old turbines replaced with taller ones)

● Important for offshore wind energy development

Wind measurement using LIDAR and SODAR helps assess wind speed at higher heights
before installation.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Hub height directly affects wind speed and power output
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● Wind speed increases with height due to reduced friction

● 120 m and 150 m hubs significantly improve energy generation

● Taller turbines support future wind expansion in India

Common Student Questions

● Why not always build the tallest tower?

● Is higher hub height safe during storms?

● Does higher height always mean more profit?

Mentorship Note (Career Guidance)

Understanding hub height is essential for:

● Wind farm design

● Site selection

● Energy estimation projects

● Renewable energy careers

Lecture 3: Wind Power Equation – Formula and Terms

1. Hook / Introduction (≈ 5 minutes)

“If wind speed doubles, will the power output of a wind turbine also double?”

Most students initially say yes—but the real answer will surprise you.
This single idea makes the wind power equation one of the most important formulas in
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renewable energy engineering. Understanding it explains why wind farms are built at
specific locations and heights, and why even a small increase in wind speed creates a huge
increase in power.

Today’s lecture gives you the engineering logic behind wind energy generation.

2. Core Concepts (≈ 40 minutes)

2.1 What is Wind Power?

Wind power is the rate at which energy is available in moving air.

Wind possesses kinetic energy, and when it flows through turbine blades, part of that
energy is converted into mechanical and then electrical energy.

2.2 Wind Power Equation

The basic wind power equation is:

P = ½ ρ A V³

Where:

● P =Wind power (Watts)

● ρ (rho) = Air density (kg/m³)

● A = Swept area of turbine blades (m²)

● V =Wind velocity (m/s)

2.3 Explanation of Each Term

(a) Air Density (ρ)

● Depends on altitude, temperature, and pressure

● Typical value: 1.225 kg/m³ at sea level

● Higher air density → more power
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(b) Swept Area (A)

Swept area is the circular area covered by rotating blades.

● A = π * r²Larger blade length → larger area →more power

● That’s why modern turbines have huge blades

(c) Wind Velocity (V)

This is the most critical factor.

Power is proportional to cube of wind speed:

P ∝ V³

If wind speed:

● Doubles → power increases 8 times

● Triples → power increases 27 times

2.4 Practical Wind Power Equation

Actual turbine power output is:

P_actual = 0.5 * ρ * A * V³ * Cp

Where Cₚ (Power Coefficient) represents turbine efficiency.

● Maximum theoretical value (Betz limit): 59.3%

● Practical turbines: 35–45%
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1.

3. Real-World / Industry Applications (≈ 10 minutes)

● Used to estimate power output during wind farm planning

● Helps engineers decide:

○ Tower height

○ Blade length

○ Turbine rating

● Applied in:
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○ Site feasibility studies

○ Energy audits

○ Hybrid wind-solar project design

Technicians use real wind data and this equation to predict annual energy production
(AEP).

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind power depends on air density, swept area, and wind speed

● Wind speed has the greatest impact (cube relation)

● Actual power is less due to efficiency limits

● This equation is the backbone of wind energy engineering

Common Student Doubts

● Why can’t turbines capture all wind power?

● Why do low-wind areas produce very little energy?

● How is wind speed measured accurately?

Mentorship Note (Career Guidance)

Mastering the wind power equation helps you in:

● Numerical problem solving in exams

● Mini-projects and site surveys
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● Careers in:

○ Wind power plants

○ Renewable energy consultancy

○ Energy estimation & planning

Lecture 3: Wind Power Equation – Formula and Terms

1. Hook / Introduction (≈ 5 minutes)

“If wind speed doubles, will the power output of a wind turbine also double?”

Most students initially say yes—but the real answer will surprise you.
This single idea makes the wind power equation one of the most important formulas in
renewable energy engineering. Understanding it explains why wind farms are built at
specific locations and heights, and why even a small increase in wind speed creates a huge
increase in power.

Today’s lecture gives you the engineering logic behind wind energy generation.

2. Core Concepts (≈ 40 minutes)

2.1 What is Wind Power?

Wind power is the rate at which energy is available in moving air.

Wind possesses kinetic energy, and when it flows through turbine blades, part of that
energy is converted into mechanical and then electrical energy.

2.2 Wind Power Equation

The basic wind power equation is:

P = 0.5 * ρ * A * V³
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Where:

● P =Wind power (Watts)

● ρ (rho) = Air density (kg/m³)

● A = Swept area of turbine blades (m²)

● V =Wind velocity (m/s)

2.3 Explanation of Each Term

(a) Air Density (ρ)

● Depends on altitude, temperature, and pressure

● Typical value: 1.225 kg/m³ at sea level

● Higher air density → more power

(b) Swept Area (A)

Swept area is the circular area covered by rotating blades.

● A = pi * R²

● Larger blade length → larger area →more power

● That’s why modern turbines have huge blades

(c) Wind Velocity (V)

This is the most critical factor.

Power is proportional to cube of wind speed:

P ∝ V³

If wind speed:

● Doubles → power increases 8 times

● Triples → power increases 27 times
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2.4 Practical Wind Power Equation

Actual turbine power output is:

P_actual = 0.5 * ρ * A * V³ * Cp

Where Cₚ (Power Coefficient) represents turbine efficiency.

● Maximum theoretical value (Betz limit): 59.3%

● Practical turbines: 35–45%
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3. Real-World / Industry Applications (≈ 10 minutes)

● Used to estimate power output during wind farm planning

● Helps engineers decide:

○ Tower height

○ Blade length
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○ Turbine rating

● Applied in:

○ Site feasibility studies

○ Energy audits

○ Hybrid wind-solar project design

Technicians use real wind data and this equation to predict annual energy production
(AEP).

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind power depends on air density, swept area, and wind speed

● Wind speed has the greatest impact (cube relation)

● Actual power is less due to efficiency limits

● This equation is the backbone of wind energy engineering

Common Student Doubts

● Why can’t turbines capture all wind power?

● Why do low-wind areas produce very little energy?

● How is wind speed measured accurately?

Mentorship Note (Career Guidance)

Mastering the wind power equation helps you in:
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● Numerical problem solving in exams

● Mini-projects and site surveys

● Careers in:

○ Wind power plants

○ Renewable energy consultancy

○ Energy estimation & planning

Lecture 4: Parameters Affecting Wind Power

1. Hook / Introduction (≈ 5 minutes)

“Why does a wind turbine in a coastal area generate more power than the same turbine in a
desert—even if both look identical?”

The answer lies in three key parameters that control wind power:
wind speed, air density, and swept area.
These are not just theoretical terms—they decide where turbines are installed, how big
their blades are, and howmuch electricity they can actually produce.

2. Core Concepts (≈ 40 minutes)

From the wind power equation:

we clearly see that wind power depends on three parameters.

2.1 Wind Speed (V) – The Most Important Parameter

Wind speed has the greatest impact on wind power.

● Power is proportional to the cube of wind speed

● Even a small increase in wind speed causes a large increase in power
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Example:

● If wind speed doubles → power increases 8 times

● If wind speed reduces by half → power becomes 1/8

2.2 Air Density (ρ) – Weight of Air Matters

Air density represents the mass of air per unit volume.

● Typical value at sea level: 1.225 kg/m³

● Depends on:

○ Altitude

○ Temperature

○ Atmospheric pressure

Effects:

● Cold, dense air → more power

● Hot, thin air → less power

2.3 Swept Area (A) – Size of Turbine Blades

Swept area is the circular area covered by rotating blades.

A = pi * R²

Where R is blade length.

● Longer blades → larger swept area →more power

● Power increases directly with swept area
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3. Real-World / Industry Applications (≈ 10 minutes)

Engineers use these parameters to:

● Select wind turbine rating

● Decide hub height and blade length

● Predict annual energy production (AEP)

In industry:

● Wind speed data is collected using anemometers and LIDAR

● Air density is adjusted using temperature and pressure data

● Blade size is optimized for maximum efficiency and cost

These parameters are also critical in:

● Wind-solar hybrid plants

● Offshore wind farms

● Repowering old wind sites

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind speed has the maximum effect on power output

● Air density affects energy due to mass of air

● Larger swept area means higher energy capture

● All three parameters guide turbine design and site selection

Common Student Doubts
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● Why not always use very long blades?

● Can turbines work efficiently in low-wind areas?

● How do engineers measure air density practically?

Mentorship Note (Career Guidance)

Understanding these parameters helps you:

● Solve numerical problems confidently

● Perform wind site feasibility analysis

● Work in renewable energy plants, energy auditing, and design teams

Lecture 4: Parameters Affecting Wind Power

(Wind Speed, Air Density, Swept Area)

1. Hook / Introduction (≈ 5 minutes)

“Why does a wind turbine sometimes produce very high power on one day and very low
power on another day—even though the turbine is the same?”

This question takes us to the heart of wind energy engineering. The answer lies not in the
turbine alone, but in three key parameters that control howmuch power is available in the
wind:
wind speed, air density, and swept area.

If you understand these three parameters clearly, you will understand why turbines are tall,
why blades are long, and why site selection is so critical in wind power projects.

2. Core Concepts (≈ 40 minutes)

we see that wind power depends directly on air density (ρ), swept area (A), and wind speed
(V).
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2.1 Wind Speed (V) – The Most Influential Parameter

Wind speed has the maximum effect on wind power.

● Power is proportional to the cube of wind speed

● Even a small change in speed causes a very large change in power

Example:

● If wind speed doubles → power increases 8 times

● If wind speed becomes half → power reduces to 1/8

2.2 Air Density (ρ) – Density Means Energy

Air density is the mass of air per unit volume.

● Standard air density at sea level: 1.225 kg/m³

● Depends on:

○ Temperature

○ Altitude

○ Atmospheric pressure

Effects:

● Cold, dense air → more wind power

● Hot, thin air → less wind power

2.3 Swept Area (A) – Size of Blades Matters
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Swept area is the circular area covered by rotating blades.

A = pi * R²

Where R is blade length.

● Longer blades → larger swept area →more power

● Power increases directly with swept area
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3. Real-World / Industry Applications (≈ 10 minutes)

In industry, these parameters are used to:

● Select suitable wind turbine rating

● Decide hub height and blade length

● Estimate annual energy production (AEP)

Engineers measure:

● Wind speed using anemometers and LIDAR

● Air density using temperature and pressure data

● Swept area during turbine design

These concepts are crucial for:

● Wind farm planning

● Repowering old turbines

● Offshore wind projects

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind speed has the greatest effect on power

● Higher air density increases energy capture

● Larger swept area means higher power output

● All three parameters guide turbine design and site selection

Typical Student Doubts



175
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

● Why not always use very long blades?

● Can wind power work in low-wind areas?

● Does air density change daily?

Mentorship Note (Career Guidance)

Understanding these parameters helps you:

● Solve numerical problems confidently

● Perform wind site feasibility studies

● Build strong fundamentals for careers in:

○ Wind power plants

○ Renewable energy projects

○ Energy auditing and planning

Lecture 5: Introduction to Wind Power Curve

1. Hook / Introduction (≈ 5 minutes)

“Can a wind turbine generate electricity at any wind speed?”

Many people think that stronger wind always means more power. But in reality, a wind
turbine produces power only within a specific range of wind speeds. This relationship
between wind speed and power output is shown using a very important graph called the
Wind Power Curve.

Understanding this curve helps engineers select turbines, predict energy output, and
protect equipment from damage.

2. Core Concepts (≈ 40 minutes)
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2.1 What is a Wind Power Curve?

A wind power curve is a graphical representation that shows how the electrical power
output of a wind turbine changes with wind speed.

● X-axis: Wind speed (m/s)

● Y-axis: Power output (kW or MW)

Each wind turbine model has its own power curve, provided by the manufacturer.

2.2 Importance of Wind Power Curve

The wind power curve helps us to:

● Understand turbine performance

● Estimate annual energy production

● Decide whether a turbine is suitable for a particular site

2.3 Regions of the Wind Power Curve

The wind power curve is divided into four main regions.

(a) No-Power Region

● Wind speed is very low

● Turbine does not rotate

● Power output is zero

This region exists because wind energy is not sufficient to overcome friction and inertia.

(b) Rising Power Region
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● Wind speed increases gradually

● Power output increases rapidly

● Power roughly follows the cube of wind speed

This is the most productive operating region of the turbine.

(c) Rated Power Region

● Wind speed reaches rated speed

● Turbine produces maximum rated power

● Power output remains constant even if wind speed increases

This is done using pitch control or stall control to protect the generator.

(d) Cut-Out Region

● Wind speed becomes too high

● Turbine is automatically shut down

● Power output returns to zero
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2.4 Key Speeds in the Wind Power Curve

● Cut-in speed: Minimumwind speed at which turbine starts generating power

● Rated speed: Wind speed at which rated power is achieved

● Cut-out speed: Maximum safe wind speed
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3. Real-World / Industry Applications (≈ 10 minutes)

In industry, wind power curves are used to:

● Select turbines suitable for site wind conditions

● Calculate annual energy production (AEP)

● Compare performance of different turbine models

Engineers combine:

● Site wind speed data

● Turbine power curve
to predict yearly energy generation.

This is critical for:

● Wind farm planning

● Financial feasibility studies

● Maintenance scheduling

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind power curve shows power output vs wind speed

● Turbines operate safely only within a specific wind speed range

● Rated power does not increase beyond rated speed

● Cut-out speed protects turbine from damage

Typical Student Doubts
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● Why is power constant after rated speed?

● Why not allow turbine to run at very high speeds?

● Does every turbine have the same power curve?

Mentorship Note (Career Guidance)

Understanding the wind power curve helps you:

● Analyze turbine performance

● Select correct turbines for projects

● Prepare for careers in:

○ Wind power plants

○ Renewable energy system design

○ Energy auditing and planning

Lecture 7: Horizontal and Vertical Axis Wind Turbines (HAWT & VAWT)

1. Hook / Introduction (≈ 5 minutes)

“Why do most wind turbines you see on highways and coastal areas look like giant fans facing
the wind—while some smaller turbines spin in unusual shapes?”

The answer lies in how the turbine axis is oriented. Wind turbines are mainly classified into
Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind Turbines (VAWT).
Understanding this classification helps you decide where a turbine can be installed, how
efficiently it works, and how easy it is to maintain.

2. Core Concepts (≈ 40 minutes)

2.1 Classification of Wind Turbines
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Based on the orientation of the rotor shaft, wind turbines are classified as:

● Horizontal Axis Wind Turbines (HAWT)

● Vertical Axis Wind Turbines (VAWT)

2.2 Horizontal Axis Wind Turbines (HAWT)

In HAWT, the rotor shaft is parallel to the ground and the blades rotate in a vertical plane.

Main Features:

● Blades face the wind directly

● Requires yaw mechanism to face wind direction

● Mounted on tall towers

Advantages:

● High efficiency

● High power output

● Suitable for large-scale power generation

Disadvantages:

● Requires wind direction control

● Installation and maintenance at height is difficult

● Not suitable for turbulent wind areas

2.3 Vertical Axis Wind Turbines (VAWT)

In VAWT, the rotor shaft is perpendicular to the ground, and blades rotate in a horizontal
plane.
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Main Features:

● Accepts wind from any direction

● No yawmechanism required

● Generator can be placed near ground

Advantages:

● Simple design

● Easy maintenance

● Works well in turbulent wind conditions

Disadvantages:

● Lower efficiency

● Lower power output

● Not suitable for large power plants
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2.4 Comparison between HAWT and VAWTHorizontal Axis Wind Turbines (HAWT)

● Strengths: They capture the maximum amount of energy because they can be built
extremely tall to reach stronger, smoother winds at higher altitudes. Their ability to
"pitch" their blades allows them to handle varying wind speeds efficiently.
+1
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● Weaknesses: They are difficult to install in residential areas due to noise and visual
impact. The machinery (gearbox and generator) is hundreds of feet in the air, requiring
specialized cranes for repairs.

Vertical Axis Wind Turbines (VAWT)

● Strengths: These are highly effective in turbulent wind conditions found around buildings
or hills. Since they don't need to turn to face the wind, they are mechanically simpler.
Their ground-level generator makes them much cheaper to service.

● Weaknesses: Because they sit closer to the ground, they encounter slower wind speeds.
Additionally, their blades experience constant "pulsating" stress during rotation, which
can lead to fatigue and structural failure over time.

3. Real-World / Industry Applications (≈ 10 minutes)

● HAWT is widely used in:

○ Onshore and offshore wind farms

○ Utility-scale power generation

● VAWT is used in:

○ Urban areas

○ Rooftop wind systems

○ Small hybrid wind–solar systems

In industry, engineers select turbine type based on:

● Wind conditions

● Power requirement

● Installation space

● Maintenance accessibility
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4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind turbines are classified as HAWT and VAWT

● HAWT offers high efficiency and high power

● VAWT offers simplicity and flexibility

● Turbine selection depends on application and site conditions

Typical Student Doubts

● Why is VAWT not used in wind farms?

● Can HAWT work in cities?

● Which turbine is better for India?

Mentorship Note (Career Guidance)

Understanding turbine types is essential for:

● Wind power plant jobs

● Turbine installation and maintenance

● Renewable energy project planning

Lecture 7: Horizontal and Vertical Axis Wind Turbines (HAWT & VAWT)

1. Hook / Introduction (≈ 5 minutes)

“Why do most wind turbines you see on highways and coastal areas look like giant fans facing
the wind—while some smaller turbines spin in unusual shapes?”
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The answer lies in how the turbine axis is oriented. Wind turbines are mainly classified into
Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind Turbines (VAWT).
Understanding this classification helps you decide where a turbine can be installed, how
efficiently it works, and how easy it is to maintain.

2. Core Concepts (≈ 40 minutes)

2.1 Classification of Wind Turbines

Based on the orientation of the rotor shaft, wind turbines are classified as:

● Horizontal Axis Wind Turbines (HAWT)

● Vertical Axis Wind Turbines (VAWT)

2.2 Horizontal Axis Wind Turbines (HAWT)

In HAWT, the rotor shaft is parallel to the ground and the blades rotate in a vertical plane.

Main Features:

● Blades face the wind directly

● Requires yaw mechanism to face wind direction

● Mounted on tall towers

Advantages:

● High efficiency

● High power output

● Suitable for large-scale power generation

Disadvantages:

● Requires wind direction control
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● Installation and maintenance at height is difficult

● Not suitable for turbulent wind areas

2.3 Vertical Axis Wind Turbines (VAWT)

In VAWT, the rotor shaft is perpendicular to the ground, and blades rotate in a horizontal
plane.

Main Features:

● Accepts wind from any direction

● No yawmechanism required

● Generator can be placed near ground

Advantages:

● Simple design

● Easy maintenance

● Works well in turbulent wind conditions

Disadvantages:

● Lower efficiency

● Lower power output

● Not suitable for large power plants
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1.
○ Vertical shaft, blades, generator at base

2. Comparison sketch of HAWT vs VAWT orientation

2.4 Comparison between HAWT and VAWT

Feature HAWT VAWT

Axis orientation Horizontal Vertical

Wind direction Needs facing wind Any direction

Efficiency High Low

Maintenance Difficult Easy
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Application Wind farms Small-scale systems

3. Real-World / Industry Applications (≈ 10 minutes)

● HAWT is widely used in:

○ Onshore and offshore wind farms

○ Utility-scale power generation

● VAWT is used in:

○ Urban areas

○ Rooftop wind systems

○ Small hybrid wind–solar systems

In industry, engineers select turbine type based on:

● Wind conditions

● Power requirement

● Installation space

● Maintenance accessibility

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind turbines are classified as HAWT and VAWT

● HAWT offers high efficiency and high power



190
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

● VAWT offers simplicity and flexibility

● Turbine selection depends on application and site conditions

Typical Student Doubts

● Why is VAWT not used in wind farms?

● Can HAWT work in cities?

● Which turbine is better for India?

Mentorship Note (Career Guidance)

Understanding turbine types is essential for:

● Wind power plant jobs

● Turbine installation and maintenance

● Renewable energy project planning

Lecture 8: Savonius and Darrieus Wind Turbines

1. Hook / Introduction (≈ 5 minutes)

“Can a wind turbine rotate even at very low wind speed?”

Most large wind turbines need strong, steady wind. But what about places where wind is
weak or changes direction frequently—like cities or rooftops?
This is where Savonius and Darrieus turbines come into the picture. These are special types
of Vertical Axis Wind Turbines (VAWT) designed for specific wind conditions.

Today’s lecture will help you understand how these turbines work, where they are used,
and why they are important despite lower efficiency.
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2. Core Concepts (≈ 40 minutes)

2.1 Savonius Wind Turbine

The Savonius turbine is a drag-based vertical axis wind turbine.

Construction

● Consists of two or three semi-cylindrical blades

● Blades are mounted on a vertical shaft

● Shape resembles an “S” when viewed from the top

Working Principle

● Wind pushes the curved blades

● One blade experiences more drag than the other

● This difference in drag causes rotation

Simple analogy:
It works like pushing a half-open door—the side facing the wind moves more easily.

Advantages

● Very simple design

● Starts rotating at low wind speed

● Works in turbulent wind

● Easy to manufacture and maintain

Disadvantages

● Low efficiency

● Low power output

● Not suitable for large-scale power generation
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2.2 Darrieus Wind Turbine

The Darrieus turbine is a lift-based vertical axis wind turbine.

Construction

● Curved blades shaped like egg-beater

● Blades are connected to a vertical shaft

● Also called “Eggbeater turbine”

Working Principle

● Uses aerodynamic lift, similar to aircraft wings

● As wind flows over the blades, lift force is generated

● Lift force causes rotation

Advantages

● Higher efficiency than Savonius

● Higher rotational speed

● Suitable for moderate wind conditions

Disadvantages

● Cannot self-start easily

● Complex blade design

● Requires strong support structure

2.3 Comparison: Savonius vs Darrieus
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Feature Savonius Darrieus

Principle Drag-based Lift-based

Starting Self-starting Not self-starting

Efficiency Low Higher

Speed Low High

Application Small-scale Medium-scale

3. Real-World / Industry Applications (≈ 10 minutes)

● Savonius turbines are used in:

○ Ventilation systems

○ Battery charging

○ Educational models

● Darrieus turbines are used in:

Small wind power units

○ Hybrid renewable systems

○ Research and experimental setups

Engineers select these turbines where:
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● Wind direction is unpredictable

● Space is limited

● Maintenance must be simple

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Savonius and Darrieus are types of VAWT

● Savonius uses drag; Darrieus uses lift

● Savonius is simple but inefficient

● Darrieus is efficient but complex

Typical Student Doubts

● Why is Savonius not used in wind farms?

● How does Darrieus start rotating?

● Which turbine is better for rooftop use?

Mentorship Note (Career Guidance)

Understanding these turbines helps you:

● Design mini wind projects

● Perform turbine comparison questions in exams

● Build working models for micro-projects

Lecture 9: Wind Speed Measuring Instruments
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(Cup Type, Pitot Tube Type, Impeller Type, Ultrasonic, LIDAR & SODAR)

1. Hook / Introduction (≈ 5 minutes)

“Before installing a wind turbine worth crores of rupees, how do engineers know whether
enough wind is available?”

They never guess.
They measure.

Just like a doctor checks temperature before giving medicine, wind engineers measure wind
speed before installing turbines. Today’s lecture focuses on wind speed measuring
instruments, which form the foundation of wind energy projects.

Without accurate wind measurement, no wind farm can be planned.

2. Core Concepts (≈ 40 minutes)

2.1 Why Wind Speed Measurement is Important

Wind speed data is required to:

● Estimate wind power potential

● Select turbine rating

● Decide hub height

● Predict annual energy production (AEP)

2.2 Classification of Wind Speed Measuring Instruments

Wind speed measuring instruments are classified into:

● Mechanical type

● Pressure-based type
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● Advanced electronic / remote sensing type

2.3 Cup Type Anemometer

Construction

● Three or four hemispherical cups

● Mounted on a vertical shaft

Working Principle

● Wind pushes the cups

● Rotation speed ∝wind speed

Advantages

● Simple and rugged

● Low cost

● Widely used

Limitations

● Affected by turbulence

● Less accurate at very high wind speeds

2.4 Pitot Tube Type Anemometer

Working Principle

● Measures difference between static and dynamic pressure

● Based on Bernoulli’s principle
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Advantages

● Accurate for steady wind

● Simple pressure-based measurement

Limitations

● Sensitive to wind direction

● Not suitable for turbulent wind

2.5 Impeller Type Anemometer

Construction

● Small propeller facing wind

● Rotates along wind direction

Features

● Measures both speed and direction

● More accurate than cup anemometer

Limitations

● Needs proper alignment

● Slightly complex structure

Suggested Visuals (Describe & Draw):

1. Sketch of cup anemometer with rotating cups

2. Diagram of pitot tube showing pressure ports
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3. Impeller anemometer facing wind direction

2.6 Ultrasonic Anemometer

Working Principle

● Uses ultrasonic sound waves

● Measures time difference of sound travel

Advantages

● No moving parts

● High accuracy

● Lowmaintenance

Applications

● Modern wind monitoring stations

● Research installations

2.7 LIDAR and SODAR

LIDAR (Light Detection and Ranging)

● Uses laser light

● Measures wind speed at various heights

● Ideal for tall wind turbines

SODAR (Sound Detection and Ranging)
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● Uses sound waves

● Measures wind profile vertically

3. Real-World / Industry Applications (≈ 10 minutes)

In real wind projects:

● Cup anemometers are installed on meteorological masts

● LIDAR is used for hub-height wind assessment

● Data is recorded continuously for 1–2 years

This data helps in:

● Financial feasibility

● Turbine selection

● Grid planning

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Accurate wind measurement is essential

● Cup anemometers are common and economical

● Ultrasonic, LIDAR, and SODAR offer advanced accuracy

● Instrument selection depends on application and cost

Typical Student Doubts

● Why measure wind for one year?
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● Which instrument is best?

● Can mobile apps replace instruments?

Mentorship Note (Career Guidance)

Knowledge of wind measuring instruments helps you:

● Work in wind site survey teams

● Assist in renewable energy audits

● Handle modern sensing technologies

Lecture 10: Advanced Wind Measurement Techniques

(Ultrasonic, LIDAR & SODAR)

1. Hook / Introduction (≈ 5 minutes)

“How do engineers measure wind speed at 120 m or 150 m height—without building a very
tall tower?”

Constructing tall meteorological masts is expensive, time-consuming, and risky. Modern
wind energy projects solve this problem using advanced wind measurement techniques
such as Ultrasonic Anemometers, LIDAR, and SODAR.
These instruments allow engineers to measure wind accurately at different heights, which
is essential for modern high-capacity wind turbines.

2. Core Concepts (≈ 40 minutes)

2.1 Need for Advanced Wind Measurement

Traditional cup anemometers:

● Have moving parts
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● Require tall towers

● Are limited to fixed heights

Advanced techniques:

● Measure wind remotely

● Cover multiple heights

● Provide high accuracy and reliability

2.2 Ultrasonic Anemometer

Working Principle

● Uses ultrasonic sound waves

● Measures time taken by sound to travel with and against the wind

● Wind speed is calculated from the time difference

Features

● No moving parts

● Measures wind speed and direction

● High accuracy and fast response

Applications

● Wind monitoring stations

● Research and testing

● Turbulence measurement

2.3 LIDAR (Light Detection and Ranging)
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Working Principle

● Uses laser light

● Sends laser pulses into the atmosphere

● Measures Doppler shift of light reflected by particles

● Calculates wind speed at various heights

Advantages

● Very high accuracy

● No tall tower required

● Ideal for offshore wind projects

Limitations

● High cost

● Requires skilled operation

2.4 SODAR (Sound Detection and Ranging)

Working Principle

● Uses sound waves

● Measures Doppler shift of sound reflected from atmospheric turbulence

● Determines wind speed and direction at different heights

Advantages

● Suitable for remote locations

● Can operate in low visibility

Limitations
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● Affected by background noise

● Lower accuracy than LIDAR

Suggested Visuals (Describe & Draw):

1. Block diagram of ultrasonic anemometer showing sound paths

2. Diagram of LIDAR system with laser beam and reflection

3. Diagram of SODAR system showing sound wave propagation

3. Real-World / Industry Applications (≈ 10 minutes)

In modern wind projects:

● Ultrasonic anemometers monitor turbulence

● LIDAR measures wind profile for tall turbines

● SODAR assists in preliminary site assessment

Used in:

● Wind farm feasibility studies

● Offshore wind development

● Performance optimization

● Safety monitoring during storms

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways
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● Advanced instruments enable remote wind measurement

● Ultrasonic anemometers have no moving parts

● LIDAR provides high-accuracy multi-height data

● SODAR is cost-effective but less precise

Typical Student Doubts

● Why is LIDAR preferred for offshore wind?

● Is SODAR reliable in noisy environments?

● Can ultrasonic anemometers replace cup anemometers?

Mentorship Note (Career Guidance)

Understanding advanced wind measurement techniques prepares you for:

● Wind resource assessment roles

● Renewable energy research projects

● Smart sensing and instrumentation careers

Lecture Topic 11: Induction Generator Based Wind Systems – Squirrel Cage
& Wound Rotor

Hook / Introduction (≈ 5 minutes)

Good morning, students! Let me start with a question:
“Have you ever wondered how a simple windmill can generate electricity without a battery
or complex electronics?”

That’s exactly what we’re going to explore today. Induction generators are widely used in
wind energy systems because they are simple, robust, and cost-effective.
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The first induction generator for wind energy was introduced in the 1980s and became
popular for small- to medium-scale wind farms because it can directly connect to the grid
with minimal controls.

Before we dive in, let’s quickly recall what we learned about alternators in our previous
lessons. Remember, an alternator converts mechanical energy into electrical energy.
Induction generators are a type of alternator, but they behave a little differently—they
require an external source of reactive power, like the grid or a capacitor bank, to operate.

Core Concepts (≈ 40 minutes)

1. What is an Induction Generator?

An induction generator is essentially an induction motor running above synchronous speed.
Unlike a synchronous generator, it does not have a separate excitation system.

● Key Idea: If the rotor spins faster than the synchronous speed, it supplies electrical
energy to the grid instead of consuming it.

Analogy: Think of a water wheel in a stream. If the wheel turns faster than the water flow, it
pushes energy back into the system instead of taking energy from it.

2. Types of Induction Generators in Wind Systems

a) Squirrel Cage Induction Generator (SCIG)

● Construction: Simple, robust rotor with short-circuited bars (looks like a “squirrel
cage”).

● Advantages:

○ Low cost

○ Lowmaintenance

○ Easy to operate

● Limitations:
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○ Requires reactive power from the grid or capacitors.

○ Fixed speed operation close to synchronous speed.

● Diagram Description: Draw a rotor with bars short-circuited at both ends and a
stator connected to the grid. Show the airflow from the turbine driving the rotor
above synchronous speed.

b) Wound Rotor Induction Generator (WRIG)

● Construction: Rotor with three-phase windings connected to slip rings.

● Advantages:

○ Allows variable speed operation

○ Can control reactive power with external resistors or converters

● Limitations:

○ Higher cost

○ More maintenance due to slip rings

● Diagram Description: Draw rotor windings connected via slip rings to a variable
resistance or power electronics converter, showing the ability to control output.

3. How They Work in Wind Turbines

● Wind turbine captures kinetic energy → rotor spins → mechanical shaft connected to
generator.

● SCIG: Directly coupled to the grid, generating power as speed exceeds synchronous
speed.

● WRIG: Adjustable output and can work at slightly lower wind speeds due to variable
rotor resistance control.
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Example Problem:
“If the synchronous speed of a 4-pole, 50 Hz induction generator is 1500 rpm, at what
speed will it start generating power?”

● Synchronous speed = 120 × f / P = 120 × 50 / 4 = 1500 rpm

● Rotor must spin slightly above 1500 rpm to act as a generator.

4. Key Technical Points

● Induction generators are self-protecting: if disconnected from the grid, they stop
generating.

● Reactive power must be supplied externally.

● Efficiency depends on rotor type and speed control.

Real-World / Industry Applications (≈ 10 minutes)

1. Small Wind Farms: SCIGs are popular in rural areas for cost-effective wind power.

2. Variable Speed Turbines: WRIGs allow turbines to operate efficiently over a range of
wind speeds.

3. Hybrid Systems: Combine WRIG with battery storage or solar PV for microgrids.

4. Fun Fact: Many early wind turbines in Europe (1980s–1990s) used SCIGs for their
simplicity.

Industry Diagram: Sketch a wind turbine connected to an SCIG feeding into the local grid.
For WRIG, show slip rings with a rotor-side controller regulating reactive power.

Summary & Q&A (≈ 5 minutes)

Key Takeaways:
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● Induction generators convert mechanical energy into electrical energy when rotor
speed exceeds synchronous speed.

● SCIG: Simple, robust, fixed speed; requires reactive power.

● WRIG: Variable speed, controllable output; higher cost.

● Both are widely used in wind energy systems.

Typical Student Doubts:

● Why can’t induction generators generate alone without a grid? → They need reactive
power.

● Difference between SCIG and WRIG → Rotor construction and control flexibility.

Mentorship Tip: Mastering induction generators is crucial if you plan to work in renewable
energy projects, grid integration, or electrical machine design. Understanding both SCIG and
WRIG will help in designing cost-effective wind energy systems and improve your career
prospects in the booming wind energy sector.

Lecture Topic 12: Modern Wind Generators – DFIG (Doubly Fed Induction
Generator)

Hook / Introduction (≈ 5 minutes)

Good morning, students!

Let me start with a question:
"Imagine a wind turbine that can adjust its speed to capture the most energy from changing

winds while still feeding stable electricity into the grid—how do you think it works?"

That’s exactly what DFIG (Doubly Fed Induction Generator) wind systems do. Unlike older
induction generators we studied last class, DFIGs allow variable speed operation, giving
higher efficiency and better grid integration.

Fun Fact: Over 60% of modern wind turbines worldwide use DFIG technology because it
balances cost, efficiency, and control.
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Before we start, recall our last topic: SCIG and WRIG. They were great, but had limitations in
variable speed operation and reactive power control. DFIG overcomes these challenges
elegantly.

Core Concepts (≈ 40 minutes)

1. What is a DFIG?

A Doubly Fed Induction Generator is an induction machine with both stator and rotor
electrically connected:

● Stator: Connected directly to the grid.

● Rotor: Connected via a back-to-back AC-DC-AC converter.

Key Idea: The rotor connection allows us to control the generator’s frequency and voltage
even when the wind speed varies.

Analogy: Think of a bicycle with gears. Even if you pedal faster or slower, the wheels can
maintain smooth, controlled motion. The rotor converter in a DFIG acts like the “gear
system” for electricity.

2. How DFIG Works in Wind Turbines

1. Variable Speed Operation: Rotor speed can fluctuate around synchronous speed.

2. Power Flow:

○ Rotor converter handles about 25–30% of total power.

○ Stator delivers the majority of power directly to the grid.

3. Grid Integration: The converter ensures the voltage and frequency of the output
remain compatible with the grid.
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3. Advantages of DFIG

● Variable Speed Efficiency: Extracts maximum power from changing wind speeds.

● Reduced Converter Size: Only 25–30% of total power flows through the converter,
reducing cost and losses.

● Reactive Power Control: Can supply or absorb reactive power to stabilize the grid.

● Flexible Grid Support: Supports voltage and frequency control.
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Example Problem:
“If the wind turbine’s rotor spins slightly below synchronous speed, the rotor-side
converter adjusts the rotor current to maintain synchronous output on the stator side.”

This ensures continuous, stable power supply despite wind fluctuations.

4. Key Technical Notes

● Rotor winding is supplied via slip rings and connected to the converter.

● The system uses vector control to independently manage active and reactive power.

● Typically, DFIG operates at ±30% speed range around synchronous speed.

Real-World / Industry Applications (≈ 10 minutes)

1. Large Wind Farms: Most modern multi-MW turbines in Europe and North America
use DFIG.

2. Grid-Stabilized Systems: Helps integrate wind power without destabilizing the local
grid.

3. Hybrid Energy Systems: Often combined with solar or storage systems for
microgrids.

Summary & Q&A (≈ 5 minutes)

Key Takeaways:

● DFIG is a modern, variable-speed induction generator used in wind energy.

● Stator connected to grid, rotor connected via converter.

● Advantages: variable speed, reactive power control, reduced converter size, grid
support.

● Ideal for medium to large wind farms.
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Typical Student Doubts:

● Why not use a full converter? → Full converters are costlier; DFIG needs smaller
converter.

● Can DFIG work in standalone systems? → Requires grid or voltage source for
excitation.

Mentorship Tip:
Understanding DFIG technology is vital for careers in renewable energy, wind turbine
design, and grid integration engineering. Mastery of DFIG concepts allows you to participate
in high-tech wind energy projects and prepares you for research or advanced Diploma
projects in smart grids and renewable systems.

Student AI Toolkit – Unit 3: Wind Energy

A. Low-Level Prompts (Remember & Understand) – 10 Prompts

1. “Explain in simple words what wind energy is and why it is important for electrical
engineering.”

2. “Define the main types of wind turbines and summarize their differences.”

3. “List and describe the key components of a wind energy system.”

4. “What is an induction generator? Explain how it works in wind turbines.”

5. “Define SCIG and WRIG and explain their main characteristics in 2–3 sentences
each.”

6. “Summarize the advantages and limitations of using wind energy compared to
conventional energy sources.”

7. “Explain the basic principle of variable-speed operation in wind turbines.”

8. “What is a DFIG? Describe its working principle in simple terms.”

9. “List the environmental benefits of wind energy and explain why it is considered
renewable.”
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10. “Summarize in short points the difference between modern and traditional wind
generators.”

B. Moderate-Level Prompts (Apply & Analyze) – 10 Prompts

11. “Compare SCIG and WRIG in terms of cost, efficiency, and speed control, and provide
an example of where each is used.”

12. “Explain step-by-step how a wind turbine converts wind energy into electrical
energy.”

13. “Analyze how rotor speed affects power generation in an induction generator.”

14. “Describe a situation where a DFIG would be better than a traditional induction
generator in a wind farm.”

15. “Provide a simple calculation example showing how wind speed affects the
mechanical power output of a wind turbine.”

16. “Analyze the advantages of variable-speed wind turbines over fixed-speed turbines
in terms of energy capture.”

17. “Explain with an example how reactive power is managed in an induction generator
system.”

18. “Describe how wind turbines are integrated with the electrical grid, highlighting key
challenges.”

19. “Compare the environmental and economic impacts of using wind energy in urban
versus rural areas.”

20. “Analyze the effect of wind measurement techniques (like LIDAR or SODAR) on the
efficiency of wind energy systems.”

C. High-Level Prompts (Design & Create) – 5 Prompts
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21. “Design a simple block diagram for a wind energy system using an induction
generator and explain the function of each block.”

22. “Create a step-by-step workflow for selecting the type of generator for a new wind
farm, considering cost, efficiency, and grid requirements.”

23. “Propose a method to improve energy capture in a variable-speed wind turbine and
justify your approach.”

24. “Develop a simple plan to integrate multiple wind turbines with a smart grid to
optimize energy generation and stability.”

25. “Design a comparison chart or table showing the technical, economic, and
environmental aspects of SCIG, WRIG, and DFIG systems for decision-making in
wind energy projects.”

These prompts are copy-paste-ready for ChatGPT, Gemini, or other AI tools, and they cover
all Bloom’s taxonomy levels from remembering definitions to designing systems.

Unit 3: Wind Energy – Mastery Check

1. Key Definitions / Glossary (Top 15 Terms)

Term Definition (Diploma-Level)

1. Wind Energy Energy obtained from the kinetic motion of air.

2. Wind Turbine Device that converts wind energy into mechanical or electrical
energy.

3. Rotor The rotating part of a wind turbine that captures wind energy.
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4. Blade Aerodynamic surface attached to the rotor to extract wind
energy.

5. Hub Central part of the rotor that connects the blades to the shaft.

6. Shaft Mechanical component transferring rotor motion to the
generator.

7. Generator Device that converts mechanical energy into electrical energy.

8. Synchronous Speed Speed at which the magnetic field of a generator rotates.

9. Induction
Generator

Generator that operates above synchronous speed to produce
electricity.

10. SCIG Squirrel Cage Induction Generator, simple and robust rotor type.

11. WRIG Wound Rotor Induction Generator, allows variable speed and
control.

12. DFIG Doubly Fed Induction Generator, enables variable speed and
reactive power control.

13. LIDAR Remote sensing technology to measure wind speed using laser
light.

14. SODAR Remote sensing technology to measure wind speed using sound
waves.
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15. Tip Speed Ratio
(TSR)

Ratio of blade tip speed to wind speed; determines turbine
efficiency.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs) – 20 Questions

1. What is the primary source of wind energy?
a) Solar radiation
b) Kinetic energy of air
c) Tidal movement
d) Fossil fuels

2. The main purpose of rotor blades in a wind turbine is to:
a) Generate voltage
b) Extract kinetic energy from wind
c) Stabilize the tower
d) Control reactive power

3. Which type of generator requires rotor speed slightly above synchronous speed to
generate power?
a) DC Generator
b) SCIG
c) Synchronous Generator
d) Capacitor Bank

4. WRIG is preferred over SCIG because it:
a) Is cheaper
b) Requires no maintenance
c) Allows variable speed operation
d) Works without a grid

5. The tip speed ratio (TSR) is defined as:
a) Rotor speed divided by generator speed
b) Blade tip speed divided by wind speed
c) Wind speed divided by rotor diameter
d) Rotor speed multiplied by blade length
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6. Which wind measurement technique uses laser light?
a) SODAR
b) LIDAR
c) Anemometer
d) Pitot tube

7. A DFIG can control:
a) Only active power
b) Only reactive power
c) Both active and reactive power
d) None of the above

8. The hub of a wind turbine connects:
a) The generator to the grid
b) The blades to the rotor shaft
c) The tower to the foundation
d) The rotor to the controller

9. SCIG requires:
a) Rotor converters
b) External reactive power supply
c) Variable speed operation
d) Battery backup

10. Which generator is commonly used in modern large-scale wind farms?
a) SCIG
b) WRIG
c) DFIG
d) DC Generator

11. Which factor primarily affects the mechanical power extracted from wind?
a) Blade material
b) Wind speed
c) Tower height
d) Generator type

12. SODAR measures wind speed using:
a) Light waves
b) Sound waves
c) Mechanical rotation
d) Magnetic field
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13. The rotor shaft transmits energy from:
a) Generator to tower
b) Rotor to generator
c) Blades to wind
d) Hub to controller

14. The main advantage of variable-speed turbines is:
a) Lowmaintenance
b) Maximum energy capture at varying wind speeds
c) No reactive power requirement
d) Simpler design

15. DFIG typically requires what percentage of power to flow through its converter?
a) 100%
b) 50%
c) 25–30%
d) 10%

16. Which component of a wind turbine is aerodynamically shaped to capture wind?
a) Hub
b) Blade
c) Generator
d) Tower

17. The synchronous speed of a 4-pole, 50 Hz generator is:
a) 1500 rpm
b) 1200 rpm
c) 3000 rpm
d) 1000 rpm

18. Which type of wind turbine system is simplest and most robust?
a) SCIG-based
b) WRIG-based
c) DFIG-based
d) Synchronous generator-based

19. Which statement is true for wind energy?
a) It is non-renewable
b) It produces greenhouse gases
c) It is a clean, renewable energy source
d) It cannot be grid-connected
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20. LIDAR and SODAR are mainly used for:
a) Tower design
b) Blade fabrication
c) Wind resource assessment
d) Generator cooling

Answer Key:
1-b, 2-b, 3-b, 4-c, 5-b, 6-b, 7-c, 8-b, 9-b, 10-c, 11-b, 12-b, 13-b, 14-b, 15-c, 16-b, 17-a, 18-a,
19-c, 20-c

B. Short Answer / Viva Questions – 10 Questions

1. Explain the working principle of a wind turbine in 2–3 sentences.

2. What is the difference between SCIG and WRIG in terms of speed control?

3. Why does an induction generator require reactive power to operate?

4. Define tip speed ratio and explain its importance in turbine design.

5. How does a DFIG enable variable-speed operation in modern wind turbines?

6. Explain how LIDAR and SODAR contribute to efficient wind energy production.

7. Compare the advantages and limitations of SCIG versus DFIG systems.

8. Why is wind energy considered a renewable and clean source of energy?

9. Describe the role of the rotor shaft and hub in transferring energy to the generator.

10. How does rotor speed variation affect power generation in induction generator-
based systems?

This Mastery Check package ensures students can learn, revise, and self-assess effectively,
covering definitions, conceptual understanding, calculations, and reasoning.

Unit 3: Wind Energy – Digital Resource Library
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1. AI Tools & Digital Learning Tools

Tool / Platform Purpose / Use-Case How It Helps in Learning Wind Energy

ChatGPT / AI Assistants Generates
explanations,
summaries, step-by-
step solutions, and
design examples.

Students can ask for concept
simplifications, diagram descriptions,
example calculations, and AI-based
tutoring for SCIG, WRIG, DFIG, and
wind turbine concepts.

MATLAB / Simulink Simulation of
electrical machines
and wind energy
systems.

Allows students to simulate wind
turbine models, induction generators,
power curves, and variable-speed
turbine operations, helping visualize
energy conversion and system
behavior.

Wind Turbine Simulator
/ Virtual Lab Platforms
(e.g., PhET, MERLOT, or
University Virtual Labs)

Interactive simulation
of wind turbine
mechanics and power
generation.

Students can adjust wind speed, rotor
size, blade pitch, and observe turbine
output, reinforcing practical
understanding and design logic.

AutoCAD / SolidWorks /
Tinkercad

3D visualization and
basic mechanical
design of turbine
components.

Students can create rotor, hub, and
blade layouts, enhancing spatial
understanding and mechanical design
reasoning in wind systems.

Excel / Online
Calculators for Wind
Power

Solve numerical
problems, power
calculations, and
efficiency analysis.

Enables students to calculate wind
power, tip speed ratio, mechanical and
electrical output, and efficiency for
SCIG, WRIG, and DFIG systems.
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2. Video Learning Repository

Topic Name Recommended Channel /
Course / Lecturer Name

Search Keywords

Introduction to Wind
Energy

NPTEL / Prof. S.P.
Sukhatme

“Introduction to Wind Energy
NPTEL Prof S.P. Sukhatme”

Wind Turbine Components
and Working

Learn Engineering “Wind Turbine Components
Working Learn Engineering”

Squirrel Cage Induction
Generator (SCIG) in Wind
Systems

NPTEL / Prof. B.
Subramanyam

“SCIG Wind Turbine NPTEL
Prof B. Subramanyam”

Wound Rotor Induction
Generator (WRIG)

YouTube / Electrical
Engineering Videos

“WRIGWind Turbine
Electrical Engineering”

Doubly Fed Induction
Generator (DFIG) Basics

SWAYAM / NPTEL “DFIG Wind Turbine Variable
Speed SWAYAM NPTEL”

Tip Speed Ratio & Power
Curves

Learn Engineering /
YouTube

“Wind Turbine Tip Speed
Ratio Power Curve”

Wind Resource Assessment
(LIDAR & SODAR)

NPTEL / IIT Lectures “Wind Measurement
Techniques LIDAR SODAR
NPTEL”

Variable Speed Wind
Turbines & Grid Integration

YouTube / Electrical4U “Variable Speed Wind
Turbines Grid Integration
Electrical4U”
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Environmental and
Economic Benefits of Wind
Energy

NPTEL / Prof. Anil Kumar “Wind Energy Benefits
NPTEL Anil Kumar”

Wind Farm Design &
Practical Applications

SWAYAM / Renewable
Energy Course

“Wind Farm Design SWAYAM
Renewable Energy”

● Use MATLAB/Simulink or virtual labs for hands-on simulation of wind systems.

● Watch video lectures in sequence: basic concepts → generators → modern systems
→ practical applications.

● Combine Excel/Calculator practice with visualization tools for problem-solving and
exam preparation.

● This library is aligned with OBE and NEP-2020 principles, promoting self-paced and
active learning.

As an expert educator and industry mentor, I have designed this External Exposure Module
specifically for Electrical Engineering Diploma students. This module bridges the gap
between your fundamental circuit theories and the high-growth "Green Technology" sector
of 2026.

1. Beyond the Syllabus – Emerging Technologies
While your textbooks cover basic solar and wind, the industry is moving toward
"Intelligent" and "Integrated" systems.

● Vehicle-to-Grid (V2G) Technology:
○ The Concept: Traditionally, power flows from the grid to the Electric Vehicle

(EV). V2G allows EVs to "give back" electricity to the grid during peak hours
or power outages, essentially acting as mobile batteries.

○ Application: It extends your knowledge of Power Electronics
(Inverters/Converters) and Battery Management Systems (BMS).

○ Career Relevance: By 2026, India is rolling out smart charging
infrastructure. Understanding bidirectional power flow is a core skill for
future Grid Engineers.

● Green Hydrogen Electrolyzers:
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○ The Concept: This technology uses renewable electricity to split water
($H_2O$) into Hydrogen and Oxygen. The hydrogen produced is a "zero-
emission" fuel.

○ Application: This applies concepts of DC Power Supplies and Industrial
Automation. Large-scale electrolyzers require precise power quality control
to ensure efficient gas production.

○ Career Relevance: Under the National Green Hydrogen Mission, India aims
to become a global hub. Knowledge of high-power DC systems and
electrolyzer maintenance will be a premium skill.

Part 1: Most Repeated & High-Probability Questions
Based on the Summer-2024 trends and standard Diploma Engineering weightage.

A. Short Answer & Definitions (3 Marks)
● Derive the Wind Power Equation: Explain the mathematical relationship $P =

\frac{1}{2} \rho A v^3$ and the significance of each variable1.
● Anemometry Basics: Explain the working principle of a Wind Speed Anemometer or

a Sonic Detection and Ranging (SODAR) anemometer2.
● Policy Awareness: Explain the Wind Data Sharing Policy and its importance in site

selection3.

B. Descriptive & Diagram-Based Questions (4 Marks)
● Anemometer Types: Explain the construction and working of an Impeller-type

Anemometer or a Pitot Tube Anemometer4.
● Turbine Classification: Compare and contrast the structural differences between

Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind Turbines (VAWT)5.

C. Long-Form Theory & Systems (7 Marks)
● Wind Turbine Types: Detailed explanation of Savonius and Darrieus wind turbines

(VAWT) with neat sketches6.
■ Generator Technologies: This is a high-frequency area. Prepare

detailed notes on:
○ Type-A: Squirrel Cage Induction Generator (SCIG)7.
○ Type-C: Doubly Fed Induction Generator (DFIG)8.
○ Type-D: Wound Rotor Synchronous Generator (WRSG)9.

● HAWT Components: Explain the function of the Nacelle, Yaw mechanism, and Hub in
a Horizontal Axis Wind Turbine (HAWT)10.

Part 2: Application & Logical Thinking Questions



224
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

Designed to test system-level understanding and differentiate high-scoring students.

1. Site Selection Logic: If the wind speed at Site A is $5\text{ m/s}$ and at Site B is
$10\text{ m/s}$, calculate the theoretical power ratio between the two sites. Why is
wind speed considered the most critical factor in the power equation?

2. Environmental Adaptation: In a region with highly turbulent and frequently
changing wind directions, would you recommend a Savonius turbine or a HAWT?
Justify your answer based on the "yaw" requirement.

3. Grid Integration: Why is the Type-C (DFIG) generator preferred over the Type-A
(SCIG) for large-scale wind farms connected to the national grid? Focus your answer
on variable speed control.

4. Maintenance Analysis: Compare the maintenance challenges of a generator placed at
the top of a tower (HAWT) versus a generator placed at ground level (VAWT).
Which system is more cost-effective for small-scale rural applications?

5. Efficiency Limits: Even if wind speed is doubled, why can we never extract
$100\%$ of the kinetic energy from the wind? (Hint: Reference the Betz
Limit/Theoretical maximum efficiency).

UNIT–IV: RENEWABLE ENERGY POLICIES –
STUDY PLAN

Course: Green Technology (4360904)
Programme: Diploma in Electrical Engineering – Semester VI
Total Teaching Hours: 6 Hours
Mapped Course Outcome: CO4 – Understand government policies for renewable energy
sources
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1. Unit Purpose & Pedagogical Focus
Aspect Details

Unit Nature Policy-oriented with real-world applications

Bloom’s Taxonomy Level Remember (R), Understand (U)

GTU Theory Weightage 10 Marks

Industry Orientation High – MNRE schemes, solar & wind
projects

NEP-2020 Alignment Sustainability, green skills, employability

2. Topic-wise Breakdown (6 Topics × 1 Hour Each)
Hour Topic Sub-Topics

Covered
Topic
Category

Time (hrs) Exam
Importance

Practical /
Industry
Relevance

1 Introductio
n to
Renewable
Energy
Policies in
India

Need for
renewable
energy
policies,
India’s
energy
transition,
Role of
Governme
nt &
MNRE

Core
(Foundatio
n)

1 Medium Medium

2 Grid
Connected
Rooftop
Solar
Programm
e

Objectives,
Central
Financial
Assistance
(CFA),
CFA for
residential,
institutiona
l & govt.
sectors

Core 1 High Very High

3 Grid
Connected
Solar
Power

Utility-
scale solar
projects,
Role of

Supporting 1 Medium High
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Projects &
Solar Park
Policy

SECI &
DISCOMs,
Solar Park
& Ultra
Mega
Solar
Power
Plant
Policy

4 PM–KUS
UM
Scheme

Componen
t A, B & C,
Incentives
&
subsidies,
Feeder-
level
solarizatio
n

Core 1 Very High Very High

5 Wind
Energy
Policies

Wind Data
Sharing
Policy,
National
Offshore
Wind
Energy
Policy
(2015),
Objectives
&
incentives

Supporting 1 Medium Medium

6 Hybrid &
Future
Energy
Policies

Wind–Sola
r Hybrid
Policy
(2018),
Incentives
& waiver
of charges,
National
Green
Hydrogen
Mission

Applicatio
n /
Advanced

1 High Very High
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3. Core, Supporting & Application Topics Mapping
Core Topics:
• Introduction to renewable energy policies
• Grid Connected Rooftop Solar Programme
• PM–KUSUM Scheme

Supporting Topics:
• Grid connected solar power projects
• Solar park and ultra mega solar power plant policy
• Wind data sharing and offshore wind policy

Application / Advanced Topics:
• Wind–Solar Hybrid Policy
• National Green Hydrogen Mission

4. OBE & NEP-2020 Alignment
• Direct mapping with Course Outcome CO4
• Enhances employability through policy literacy
• Encourages sustainability and environmental responsibility
• Promotes multidisciplinary learning and green skills

5. Exam Orientation (GTU Focus)
High-weightage exam areas:
• PM–KUSUM Scheme
• Grid Connected Rooftop Solar Programme
• Wind–Solar Hybrid Policy
• National Green Hydrogen Mission

Typical questions include: Explain, Describe, Short notes, and Objectives & incentives-
based questions.

Lecture–1: Introduction to Renewable Energy Policies in India

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes

1. Hook / Introduction (≈ 5 minutes)
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Let me begin with a simple question:
“If India has abundant sunlight, wind, and biomass, why was our electricity generation
dominated by coal for decades?”

The answer lies not only in technology, but in planning and policy. Solar panels and wind
turbines existed earlier too, but large-scale adoption happened only after the government
introduced renewable energy policies.

You have already studied solar energy and wind energy technologies in previous units. In
this unit, we move one step ahead and understand how the government promotes,
regulates, and supports renewable energy through policies. This knowledge helps you
connect engineering theory with real-world implementation.

2. Core Concepts (≈ 40 minutes)

What are Renewable Energy Policies?

Renewable Energy Policies are government rules, schemes, incentives, and guidelines
designed to:

● Encourage use of renewable energy sources

● Reduce dependence on fossil fuels

● Control environmental pollution

● Support sustainable development

In simple words, policies convert renewable energy from an idea into a working project.

Why Does India Need Renewable Energy Policies?

There are four major reasons:

1. Increasing Energy Demand
India’s population, industries, and infrastructure are growing rapidly, leading to
high electricity demand.
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2. Dependence on Imports
A large portion of coal, oil, and gas is imported, which affects the national
economy.

3. Environmental Impact
Fossil fuels cause air pollution, global warming, and climate change.

4. Global Commitments
India has committed to reducing carbon emissions and achieving Net Zero by
2070.

Policies help India achieve these goals in a planned and systematic manner.

Role of Government and MNRE

The Ministry of New and Renewable Energy (MNRE) is the main authority responsible
for:

● Framing renewable energy policies

● Launching subsidy and incentive schemes

● Monitoring renewable energy projects

● Coordinating with state governments, DISCOMs, and industries

Other supporting bodies include:

● SECI (Solar Energy Corporation of India)

● State Nodal Agencies

● Electricity Distribution Companies (DISCOMs)

Objectives of Renewable Energy Policies

The key objectives are:



230
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

● Increase renewable energy capacity

● Promote decentralized generation like rooftop solar

● Support farmers and rural areas

● Encourage private investment

● Create green jobs and skilled manpower

These visuals help students clearly understand the policy implementation pathway.

3. Real-World / Industry Applications (≈ 10 minutes)

● Rooftop solar systems exist due to government subsidies

● Farmers use solar pumps because of PM–KUSUM policy

● Large solar and wind projects depend on policy approvals

● Engineers must understand policies to:

○ Prepare project documents
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○ Apply for subsidies

○ Work with DISCOMs and MNRE guidelines

In industry, policy knowledge is as important as technical knowledge.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Renewable energy policies guide India’s clean energy transition

● MNRE plays a central role

● Policies link technology with implementation

● Engineers must be policy-aware professionals

Common Student Doubts

● Do policies change? →Yes, policies are updated regularly

● Are policies same in all states? →No, states may add their own rules

🎓Mentorship Note (Career-Oriented Tip)

Understanding renewable energy policies gives you a professional advantage. Whether
you work as a site engineer, project supervisor, EPC technician, or start your own solar
business, policy awareness helps you take correct technical and financial decisions.

Lecture–2: Grid Connected Rooftop Solar Programme

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes
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1. Hook / Introduction (≈ 5 minutes)

Look at the roof of your house or college. It receives sunlight for almost 8–9 hours every
day. Now think:
“Why should we buy all our electricity from the grid when our roof itself can generate
power?”

This simple idea is the foundation of the Grid Connected Rooftop Solar Programme.
Many homes, schools, hospitals, and government buildings today produce their own
electricity because of this government-supported programme. As electrical engineers, you
must understand not only how rooftop solar systems work, but also how government
policy makes them affordable and popular.

2. Core Concepts (≈ 40 minutes)

What is a Grid Connected Rooftop Solar System?

A grid connected rooftop solar system is a solar PV system installed on the roof of a
building and connected directly to the electricity grid. It does not require batteries.

Basic operation:

● Solar panels generate DC power
● Grid-connected inverter converts DC to AC power
● Power is used by the building load
● Extra power is exported to the utility grid

Objectives of the Rooftop Solar Programme

The Government of India launched this programme to:

● Promote decentralized power generation
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● Reduce electricity bills of consumers
● Reduce transmission and distribution losses
● Encourage clean and renewable energy
● Support India’s renewable energy targets

Role of MNRE and DISCOMs

The programme is implemented by the Ministry of New and Renewable Energy (MNRE)
with the help of:

● State Nodal Agencies
● DISCOMs (Electricity Distribution Companies)
● Registered solar vendors

MNRE provides Central Financial Assistance (CFA) to eligible consumers.

Central Financial Assistance (CFA)

CFA is a subsidy provided by the central government to reduce system cost.

Key points:

● Mainly for residential sector
● Higher subsidy for smaller capacity systems
● Institutional and government buildings have specific provisions
● Commercial and industrial users generally do not receive CFA
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Net Metering Concept

Net metering is a very important feature.

● A bi-directional meter is installed
● When solar generation is more than load → power goes to grid
● When generation is less → power is taken from grid
● Monthly bill = Import units – Export units

3. Real-World / Industry Applications (≈ 10 minutes)
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In real projects, engineers:

● Perform site survey and shadow analysis
● Decide system capacity based on load and roof area
● Prepare subsidy and net-metering applications
● Coordinate with DISCOM for approvals
● Test and commission rooftop systems

Many solar EPC companies recruit diploma engineers specifically for rooftop solar
implementation and documentation work.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Rooftop solar systems generate power at the consumer end
● MNRE supports installations through CFA
● Net metering allows export of excess energy
● Engineers play a vital role in planning and execution

Common Student Doubts

● Will rooftop solar work during power cut? → No, without battery
● Is subsidy available for shops and factories? → Generally no

Mentorship Note (Career-Oriented Tip)

Understanding the Grid Connected Rooftop Solar Programme makes you industry-ready.
This knowledge is essential for:

● Solar EPC jobs
● DISCOM-related work
● Government renewable energy projects
● Starting your own rooftop solar installation service

Lecture–3: Grid Connected Solar Power Projects & Solar Park Policy

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes
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1. Hook / Introduction (≈ 5 minutes)

You have seen small rooftop solar systems on houses and buildings. Now imagine
thousands of solar panels spread over hundreds of acres, generating power for entire
cities.
Let me ask you:
“Who plans, builds, and connects such large solar plants to the national grid?”

These are called Grid Connected Solar Power Projects, and their rapid development in
India is possible because of strong government support through the Solar Park and Ultra
Mega Solar Power Plant Policy. Today’s lecture will help you understand how large-
scale solar power is generated, managed, and delivered to the grid.

2. Core Concepts (≈ 40 minutes)

What are Grid Connected Solar Power Projects?

Grid connected solar power projects are large-scale solar PV plants that:

● Generate electricity in megawatts (MW)

● Are directly connected to the state or national grid

● Supply power to DISCOMs through long-term agreements

Unlike rooftop systems, these plants are usually located on open land and are owned by
developers, government agencies, or private companies.

Basic Working Principle

● Solar panels generate DC power

● DC power is combined using string/array combiners

● Central or string inverters convert DC to AC

● Power is stepped up using transformers
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● Electricity is fed into the transmission grid

Role of SECI and DISCOMs

● SECI (Solar Energy Corporation of India):

○ Acts as a nodal agency

○ Conducts bidding and power purchase agreements

○ Supports large-scale project development

● DISCOMs:

○ Purchase power from solar plants

○ Supply electricity to consumers

○ Ensure grid integration and billing

Solar Park Policy

The Solar Park Policy was introduced to overcome problems faced by developers, such as
land acquisition and infrastructure.

A solar park is a large area developed with:
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● Land ready for solar installation

● Internal roads

● Power evacuation facilities

● Water supply and security

This allows multiple developers to install plants at one location.

Ultra Mega Solar Power Plants

● Capacity usually 500 MW or more

● Require large land and strong transmission systems

● Reduce cost per unit due to economies of scale

● Support India’s large renewable energy targets

3. Real-World / Industry Applications (≈ 10 minutes)
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● Many states in India host solar parks supplying power nationwide

● Engineers work in:

○ Plant erection and commissioning

○ Operation and maintenance (O&M)

○ Grid synchronization and testing

● Diploma engineers are involved in:

○ Cable laying and terminations

○ Inverter and transformer supervision

○ SCADA monitoring

Large solar projects provide stable, long-term employment opportunities.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Grid connected solar projects generate power at MW scale

● SECI and DISCOMs play key roles

● Solar parks simplify land and infrastructure challenges

● Ultra mega plants reduce power cost

Common Student Doubts

● Why are solar parks preferred? → Easy land and grid access

● Do these plants work at night? →No, they depend on sunlight



240
AI-GENERATED CONTENT_GREEN TECHNOLOGY_MS.H.M.TANDEL

🎓Mentorship Note (Career-Oriented Tip)

Understanding large-scale solar power projects opens doors to careers in utility-scale
solar plants, power corporations, and EPC companies. With this knowledge, you can
move from technician-level work to supervisory and project coordination roles.

Lecture–4: PM–KUSUM Scheme (Pradhan Mantri Kisan Urja Suraksha
evam Utthaan Mahabhiyan)

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes

1. Hook / Introduction (≈ 5 minutes)

Let me start with a real-life situation.
In many villages, farmers depend on diesel pumps or irregular grid supply for irrigation.
Diesel is costly, polluting, and unreliable. Now imagine if a farmer could generate his
own electricity using solar power, reduce expenses, and even earn extra income.

This idea is not imaginary—it is the foundation of the PM–KUSUM Scheme, one of the
most farmer-centric renewable energy policies of the Government of India. Today’s
lecture will help you understand how solar energy is used to empower farmers and
strengthen rural power systems.

2. Core Concepts (≈ 40 minutes)

What is PM–KUSUM Scheme?

PM–KUSUM stands for
Pradhan Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyan

It is a government scheme launched to:

● Provide reliable daytime electricity to farmers
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● Reduce dependence on diesel pumps

● Promote solar energy in rural areas

● Increase farmers’ income

Main Objectives of PM–KUSUM

The scheme aims to:

● Solarize agriculture pumps

● Reduce subsidy burden on DISCOMs

● Utilize barren land for solar generation

● Promote clean and sustainable energy

Components of PM–KUSUM Scheme

The scheme has three major components, often asked in exams.

Component A: Decentralized Grid Connected Solar Power Plants

● Installation of small solar power plants (up to a few MW)

● Located on barren or unused agricultural land

● Power is sold to DISCOMs
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➡ Farmers earn money by leasing land or owning the plant.

Component B: Standalone Solar Powered Agriculture Pumps

● Replacement of diesel pumps with solar pumps

● Works independently (off-grid)

● Suitable for remote areas without electricity
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Component C: Solarization of Grid Connected Agriculture Pumps

● Existing grid-connected pumps are solarized

● Farmers use solar power during daytime

● Excess power can be supplied to the grid

Incentives and Subsidies

● Central and state governments provide financial assistance

● Farmers pay only a small portion of system cost

● DISCOMs benefit from reduced losses

3. Real-World / Industry Applications (≈ 10 minutes)

● Solar pump manufacturing and installation companies employ diploma engineers
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● Engineers work in:

○ Site survey and pump sizing

○ Installation and testing

○ Maintenance and fault diagnosis

● PM–KUSUM projects create jobs in rural electrification and solar EPC sectors

This scheme directly connects electrical engineering with agriculture and rural
development.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● PM–KUSUM is a farmer-focused renewable energy scheme

● It has three components: A, B, and C

● It reduces diesel usage and promotes solar power

● Benefits farmers, DISCOMs, and the environment

Common Student Doubts

● Can pumps work at night? → No, without battery

● Is PM–KUSUM compulsory? → No, it is voluntary

🎓Mentorship Note (Career-Oriented Tip)

Understanding PM–KUSUM Scheme opens opportunities in government projects, solar
pump industries, rural electrification, and EPC companies. Engineers with policy
knowledge are preferred for field coordination, supervision, and project execution roles.
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Lecture–5: Wind Energy Policies

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes

1. Hook / Introduction (≈ 5 minutes)

You have already studied wind turbines, wind power equations, and wind generators in
Unit–III. Now let me ask you a question:
“If wind energy technology is available, why can’t anyone just install a wind turbine
anywhere?”

The answer lies in policies. Wind energy depends on accurate wind data, suitable
locations, grid connectivity, and government permission. To make wind power reliable
and investor-friendly, the Government of India introduced specific wind energy policies.
Today’s lecture will help you understand how wind energy moves from measurement to
megawatts through policy support.

2. Core Concepts (≈ 40 minutes)

Why Wind Energy Policies are Required

Wind energy projects involve:

● Large land areas

● Tall structures (80 m–150 m towers)

● Heavy investment

● Grid integration challenges

Without proper policies, developers face delays, data issues, and high risks. Wind energy
policies provide clarity, transparency, and confidence.

Wind Data Sharing Policy
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Wind power generation depends completely on wind speed and wind direction data.

Earlier:

● Wind data was private and costly

● Small developers had limited access

Now, under the Wind Data Sharing Policy:

● Wind data collected using anemometers, LIDAR, and SODAR is shared

● Data transparency improves site selection

● Developers can assess feasibility accurately

National Offshore Wind Energy Policy (2015)

India also has strong wind potential off the coastline.

Offshore wind energy means:

● Wind turbines installed in sea or ocean

● Higher wind speed and better consistency

● Larger power generation potential
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Objectives of the policy:

● Promote offshore wind development

● Reduce dependence on fossil fuels

● Encourage private investment

The government provides:

● Site identification

● Survey and data support

● Regulatory framework

Incentives & Government Support

Wind energy policies include:

● Clear bidding mechanisms

● Grid connectivity support

● Long-term power purchase agreements (PPAs)

● Support for hybrid systems (wind + solar)
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These policies reduce risk and improve project viability.

3. Real-World / Industry Applications (≈ 10 minutes)

● Wind farms are installed in high wind regions of India

● Engineers are involved in:

○ Wind resource assessment

○ Tower erection supervision

○ Generator and grid synchronization

○ Maintenance and fault analysis

● Diploma engineers often work in:

○ Wind turbine installation teams

○ O&M (Operation & Maintenance)

○ Wind data monitoring stations

Policy knowledge helps engineers understand why projects are approved or delayed.

4. Summary & Q&A (≈ 5 minutes)

Key Takeaways

● Wind energy policies support large-scale wind projects

● Wind Data Sharing Policy improves transparency

● Offshore Wind Policy (2015) targets future energy needs

● Policies reduce risk and encourage investment
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Common Student Doubts

● Is offshore wind costly? →Yes, but highly efficient

● Can wind energy work everywhere? →No, site-specific

🎓Mentorship Note (Career-Oriented Tip)

If you combine wind turbine technical knowledge with wind energy policy awareness,
you become highly valuable in the renewable sector. This helps you work in wind farms,
offshore projects, government agencies, and EPC companies.

Lecture–6: Hybrid & Future Energy Policies

Unit–IV: Renewable Energy Policies
Duration: 60 Minutes

1. Hook / Introduction (≈ 5 minutes)
“What happens when the sun is not shining and the wind is not blowing?”

This challenge leads us to hybrid energy systems and future energy policies. Modern
power systems no longer depend on a single energy source. Instead, they combine solar,
wind, storage, and smart grids to ensure reliable electricity. Today’s lecture will help you
understand how policies guide India’s future energy mix.

2. Core Concepts (≈ 40 minutes)

What are Hybrid Energy Systems?

A hybrid energy system combines two or more energy sources to generate electricity.
Common combinations are:

● Solar + Wind
● Solar + Wind + Battery
● Renewable + Conventional backup
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The main aim is reliability and better utilization of resources.

Need for Hybrid Energy Policies

Single-source renewable systems face issues like:

● Intermittency
● Grid instability
● Power fluctuations

Hybrid energy policies help to:

● Smooth power output
● Reduce grid stress
● Increase renewable penetration
● Lower energy storage cost

National Wind–Solar Hybrid Policy (2018)

India introduced the Wind–Solar Hybrid Policy to:

● Combine wind and solar at the same location
● Use common transmission infrastructure
● Reduce land and grid costs
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Key features:

● New hybrid plants or hybridization of existing plants
● Common evacuation systems
● Competitive bidding for tariff discovery

Energy Storage Policies

Energy storage is the backbone of future energy systems.

Types of storage:

● Battery Energy Storage Systems (BESS)
● Pumped Hydro Storage
● Green Hydrogen (emerging)

Policies support:

● Storage-linked renewable projects
● Grid-scale battery installations
● Peak load management
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Future Energy Policies

India’s future energy vision includes:

● Net-zero carbon emissions
● Smart grids and digital substations
● Electric vehicles and charging infrastructure
● Hydrogen energy missions

3. Real-World / Industry Applications (≈ 10 minutes)

● Hybrid plants are being installed in areas with both sun and wind potential
● Engineers work in:

○ Hybrid plant design
○ SCADA and grid control
○ Battery management systems

● Diploma engineers find roles in:
○ Renewable EPC companies
○ Energy storage projects
○ Smart grid installations

Hybrid systems are preferred by utilities because they improve grid reliability.

4. Summary & Q&A (≈ 5 minutes)
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Key Takeaways

● Hybrid systems combine multiple energy sources
● Wind–Solar Hybrid Policy promotes efficient land and grid use
● Energy storage is essential for future grids
● Policies guide India toward sustainable energy

Common Student Doubts

● Are hybrid systems costly? → Initially yes, but cheaper long-term
● Do they replace conventional power plants? →Gradually

🎓Mentorship Note (Career-Oriented Tip)

Hybrid and future energy policies represent the next generation of electrical engineering
careers. Engineers who understand renewable integration, storage, and smart grids will
lead tomorrow’s power sector.

Student AI Toolkit – Unit 4: Renewable Energy Policies

A. Low-Level Prompts (10 prompts – Remember & Understand)

Use these to build basics, definitions, and confidence

1. “Explain this topic in very simple words as if teaching a first-year Diploma
student.”

2. “Define all key terms related to this topic and explain each in 2–3 lines.”

3. “Summarize this topic in short points suitable for last-day exam revision.”

4. “Explain why this policy/topic is important in the context of national
development.”

5. “Create a simple concept map or flow of ideas for this topic in text form.”

6. “List the main objectives of this topic and explain each briefly.”
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7. “Explain this topic using a real-life analogy that a student can easily remember.”

8. “What are the basic problems this policy/topic is trying to solve?”

9. “Explain this topic as short questions and answers suitable for viva.”

10. “Rewrite this topic explanation in easy exam-oriented language without losing
meaning.”

B. Moderate-Level Prompts (10 prompts – Apply & Analyze)

Use these to improve understanding, comparisons, and application

11. “Explain how this policy/topic is applied in real-world engineering practice.”

12. “Compare this policy/topic with a similar one and highlight key differences.”

13. “Explain the advantages and limitations of this policy/topic in practical
situations.”

14. “Give a step-by-step explanation of how this policy works in an actual system.”

15. “Create a table comparing objectives, benefits, and challenges of this topic.”

16. “Explain this topic from the point of view of an engineer working in the field.”

17. “Identify common exam questions from this topic and provide model answers.”

18. “Explain how this topic helps in reducing technical, economic, or environmental
problems.”

19. “Analyze why government support is necessary for implementing this type of
policy.”

20. “Convert this topic into a short case study suitable for exam writing.”

C. High-Level Prompts (5 prompts – Design & Create)
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Use these for distinction, projects, and advanced thinking

21. “Design a simple workflow showing how this policy is implemented from
planning to execution.”

22. “Create a structured answer format for a 7-mark or 10-mark exam question from
this topic.”

23. “Propose improvements or future enhancements to this policy based on
engineering logic.”

24. “Develop a short presentation outline (slides only) explaining this topic to non-
technical users.”

25. “Create a mini project or assignment idea based on this topic, including objectives
and outcomes.”

How Students Should Use This Toolkit (Mentor Advice)

● Use Low-Level prompts during first reading

● Use Moderate-Level prompts for exam preparation

● Use High-Level prompts for distinction, interviews, and projects

● Always cross-check answers with syllabus keywords

MASTERY CHECK – Unit 4: Renewable Energy Policies

1. Key Definitions / Glossary (15 Terms)

(Simple, one-line, Diploma-level definitions for exams & vivas)

1. Renewable Energy – Energy obtained from natural sources that are continuously
replenished, such as solar and wind.

2. Energy Policy – Government guidelines and rules to promote, regulate, and
manage energy generation and use.
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3. MNRE – Ministry of New and Renewable Energy, the central authority for
renewable energy development in India.

4. Grid-Connected System – A power generation system directly connected to the
utility electricity grid.

5. Net Metering – A billing mechanism that allows consumers to export excess
electricity to the grid.

6. Central Financial Assistance (CFA) – Government subsidy provided to reduce the
cost of renewable energy systems.

7. Solar Park – A large area developed with infrastructure to install multiple solar
power plants.

8. SECI – Solar Energy Corporation of India, a nodal agency for large-scale
renewable projects.

9. PM–KUSUM Scheme – A government scheme to promote solar energy use in
agriculture.

10. Decentralized Power Generation – Electricity generation near the point of
consumption to reduce losses.

11. Wind Data Sharing Policy – A policy to provide transparent access to wind
measurement data.

12. Offshore Wind Energy – Wind energy generated using turbines installed in sea or
ocean regions.

13. Hybrid Energy System – A system that combines two or more energy sources for
reliable power generation.

14. Energy Storage System – A system used to store energy for later use to balance
supply and demand.

15. Sustainable Energy – Energy generation that meets present needs without harming
future resources.
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2. FAQ & Assessment Section

A. Multiple Choice Questions (20 MCQs)

1. The main objective of renewable energy policies is to
A) Increase fossil fuel use
B) Reduce energy demand
C) Promote clean and sustainable energy
D) Eliminate electricity grids

2. Which ministry implements renewable energy programmes in India?
A) Ministry of Power
B) MNRE
C) NITI Aayog
D) NTPC

3. A grid-connected rooftop solar system mainly uses
A) Diesel generator
B) Battery storage only
C) Utility grid connection
D) Thermal backup

4. Net metering helps consumers to
A) Store energy
B) Export excess energy to grid
C) Reduce voltage
D) Increase losses

5. Solar parks are mainly developed to
A) Reduce land cost for farmers
B) Simplify large-scale solar installation
C) Store solar energy
D) Promote rooftop systems

6. PM–KUSUM scheme is mainly related to
A) Urban electrification
B) Industrial solar plants
C) Agricultural solar applications
D) Offshore wind energy
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7. Which component of PM–KUSUM includes solar pumps?
A) Component A
B) Component B
C) Component D
D) Component Z

8. SECI mainly supports
A) Thermal power plants
B) Nuclear energy
C) Large renewable projects
D) Rural lighting

9. Wind Data Sharing Policy helps in
A) Fuel transport
B) Site selection for wind projects
C) Power billing
D) Load forecasting

10. Offshore wind turbines are installed in
A) Hills
B) Deserts
C) Sea regions
D) Cities

11. Hybrid energy systems mainly improve
A) Fuel consumption
B) Power reliability
C) Transmission losses
D) Manual control

12. Wind–Solar Hybrid Policy was introduced to
A) Stop wind projects
B) Combine wind and solar generation
C) Replace thermal plants
D) Promote diesel generation

13. Energy storage is important because renewable energy is
A) Costly
B) Continuous
C) Intermittent
D) Unavailable
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14. Which is an example of decentralized generation?
A) Ultra mega power plant
B) Nuclear plant
C) Rooftop solar system
D) Thermal station

15. Solar parks mainly reduce problems related to
A) Billing
B) Land and infrastructure
C) Tariff calculation
D) Voltage control

16. PM–KUSUM helps farmers mainly by
A) Increasing fuel cost
B) Reducing irrigation
C) Providing solar-based energy
D) Stopping subsidies

17. Offshore wind energy generally has
A) Lower wind speed
B) Higher wind consistency
C) No maintenance
D) Low capacity

18. Hybrid systems reduce stress on
A) Consumers
B) Engineers
C) Power grid
D) Solar panels

19. Renewable energy policies mainly support
A) Short-term profits
B) Sustainable development
C) Higher pollution
D) Manual systems

20. The future focus of energy policies includes
A) Increased coal usage
B) Smart grids and storage
C) Manual metering
D) Reduced electrification
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Answer Key (MCQs)

1-C, 2-B, 3-C, 4-B, 5-B, 6-C, 7-B, 8-C, 9-B, 10-C,
11-B, 12-B, 13-C, 14-C, 15-B, 16-C, 17-B, 18-C, 19-B, 20-B

B. Short Answer / Viva Questions (10)

1. Why are renewable energy policies important for a country?

2. What is net metering and why is it useful?

3. State the objectives of the PM–KUSUM scheme.

4. What is a solar park? Mention its benefits.

5. Explain the role of MNRE in renewable energy development.

6. Why is wind data important for wind power projects?

7. What is meant by decentralized power generation?

8. Why are hybrid energy systems preferred over single-source systems?

9. Mention any two challenges addressed by renewable energy policies.

10. How do energy policies support sustainable development?

DIGITAL RESOURCE LIBRARY – Unit 4: Renewable Energy Policies

1. AI Tools & Digital Learning Tools (3–5 Tools)

Free / easily accessible tools to visualize, understand, and revise policy-oriented
concepts
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1. AI Conversational Learning Assistants (e.g., Chat-based AI tools)

Purpose / Use-case:

● Concept explanation, summaries, exam answers, viva practice

How it helps in this unit:

● Explains renewable energy policies in simple Diploma-level language

● Converts policy text into Q&A, MCQs, flowcharts, and summaries

● Helps students practice exam-style answers and revise quickly

2. Virtual Power System Visualizers / Simulators

Purpose / Use-case:

● Visualizing grid-connected systems and power flow

How it helps in this unit:

● Helps students understand grid-connected solar, wind, and hybrid systems

● Visualizes how power flows from renewable sources to the grid

● Builds conceptual clarity for policy-linked infrastructure

3. Renewable Energy Virtual Labs (Government / Academic Platforms)

Purpose / Use-case:

● Virtual experimentation and system understanding
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4. Diagram & Concept Mapping Tools

●

How it helps in this unit:

● Students can draw policy workflows, scheme components, and system layouts

● Improves diagram-based exam answers

● Helps slow learners visualize abstract policy concepts

5. Digital Note & Revision Tools

Purpose / Use-case:
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● Smart note-making and quick revision

How it helps in this unit:

● Converts lectures into revision notes, tables, and flashcards

● Helps students prepare definition banks and keyword lists

● Useful for last-week exam preparation

2. Video Learning Repository (Recommended Search-Based Resources)

Credible, Diploma-level, exam-oriented video resources

Topic Name Recommended Channel /
Course / Lecturer

Search Keywords

Introduction to Renewable
Energy Policies

NPTEL – Energy & Policy
Courses

Renewable energy policy
India NPTEL

Rooftop Solar Programme &
Net Metering

SWAYAM / Government
Energy Courses

Grid connected rooftop solar
net metering India

Solar Power Projects & Solar
Parks

MNRE / NPTEL Energy
Systems

Solar park policy India
NPTEL

PM–KUSUM Scheme Government Awareness /
MNRE Sessions

PM KUSUM scheme solar
pumps explained

Wind Energy Policies NPTEL – Renewable Energy Wind energy policy India
NPTEL

Offshore Wind Energy Academic Renewable
Channels

Offshore wind energy India
policy
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Wind–Solar Hybrid Policy NPTEL / Power Systems
Lectures

Wind solar hybrid policy
India

Energy Storage & Future
Energy Systems

NPTEL – Smart Grid &
Energy Storage

Energy storage future power
systems NPTEL

Hybrid Renewable Energy
Systems

University Renewable Energy
Lectures

Hybrid renewable energy
systems diploma

Renewable Energy &
Sustainable Development

SWAYAM / Environmental
Studies

Renewable energy sustainable
development India

🎓Mentor’s Guidance for Students

● Watch videos before reading notes for better understanding

● Pause videos and redraw diagrams for exam confidence

● Use AI tools for doubt-solving and answer practice, not just copying

● Focus on policy objectives, benefits, and applications—they carry marks

External Exposure Module – Green Technology

(For Diploma Electrical Engineering Students)

1. Beyond the Syllabus – Emerging Technologies

1. Smart Grids & Green Power Integration

What it is:
Smart grids are advanced electrical networks that use digital monitoring, automation, and
communication to efficiently integrate renewable energy sources like solar and wind.

Link with subject fundamentals:
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● Uses basic concepts of power systems, generation, transmission, and distribution

● Extends classroom learning on renewable energy and grid-connected systems

Why students should know this:

● Smart grids are essential for managing large-scale renewable energy

● Many future jobs will require engineers who understand green power + digital
control

● Forms the backbone of future sustainable cities

2. Electric Mobility & Charging Infrastructure

What it is:
Electric vehicles (EVs) and their charging systems are a major part of green technology
aimed at reducing fossil fuel use in transportation.

Link with subject fundamentals:

● Applies electrical machines, power electronics, and energy storage concepts

● Closely connected with renewable energy policies and clean power usage

Why students should know this:

● EV charging infrastructure is expanding rapidly in India

● Creates opportunities in installation, maintenance, and system supervision

● Strong career scope for diploma engineers in public and private sectors

2. MOOC & Online Course Recommendations

1. “Introduction to Renewable Energy”
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● Platform: NPTEL

● How it helps:

○ Strengthens basics of green and renewable technologies

○ Explains energy transition in simple, structured manner

○ Useful for both exams and concept clarity

2. “Energy, Environment and Sustainability”

● Platform: SWAYAM

● How it helps:

○ Connects green technology with environmental protection

○ Builds awareness of sustainability and policy impact

○ Aligns well with NEP-2020 multidisciplinary learning

3. “Solar Energy Basics” (Audit Option)

● Platform: Coursera (free audit)

● How it helps:

○ Visual explanations of solar and clean energy systems

○ Improves global exposure and learning confidence

○ Helpful for students planning higher studies
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3. Industrial Exposure / Field Visit Suggestions (Regional Focus – India)

1. Solar Power Plant / Solar Park

Type of work:
Large-scale renewable energy generation and grid integration

What students can observe:

● Solar panel layout and inverters

● Power evacuation to grid

● Safety and maintenance practices

2. Wind Energy Farm or O&M Facility

Type of work:
Wind turbine installation, operation, and maintenance

What students can observe:

● Wind turbine components

● Grid synchronization

● Preventive maintenance procedures

3. Electric Vehicle Charging Station / Energy Startup

Type of work:
Green mobility infrastructure and energy management

What students can observe:

● Charging system layout
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● Power control and safety systems

● Role of renewable energy in EV charging

4. Conferences, Seminars & Technical Events

1. IEEE Conferences on Renewable & Sustainable Energy

Theme: Renewable energy, smart grids, sustainability

Why beneficial:

● Exposure to latest research and industry trends

● Interaction with engineers and academicians

● Motivation for innovation and lifelong learning

2. National Conferences on Green Technology & Energy

Theme: Clean energy, green engineering, climate solutions

Why beneficial:

● Helps students understand real-world challenges

● Improves presentation and communication skills

● Encourages participation in technical forums

3. Renewable Energy Expos & Technical Seminars

Theme: Solar, wind, EVs, energy storage

Why beneficial:
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● Direct interaction with industry professionals

● Awareness of market demand and job roles

● Inspiration for projects and startups

PREDICTED QUESTION BANK – Unit 4: Renewable Energy Policies

1. Most Repeated / High-Probability Questions

(Based on syllabus weightage + repeated patterns seen in GTU-style papers)

A. Short Answer Questions (3 Marks Type)

(Frequently asked, definition / explanation based)

1. Explain Renewable Energy Policy and its objectives.
2. Explain Grid Connected Rooftop Solar Programme.
3. Explain Net Metering with its advantages.
4. Explain PM–KUSUM Scheme.
5. Explain Wind Data Sharing Policy.
6. Explain Decentralized Power Generation.
7. Explain Solar Park Policy.
8. Explain Hybrid Renewable Energy System.

B. Medium Answer Questions (4 Marks Type)

(Concept + explanation, sometimes system-oriented)

9. Explain the objectives and benefits of Rooftop Solar Policy.
10. Explain the role of MNRE in renewable energy development.
11. Explain Net Metering mechanism with energy flow explanation.
12. Explain the role of SECI in large-scale solar projects.
13. Explain Offshore Wind Energy Policy.
14. Explain the need for energy storage in renewable systems.
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C. Long Answer / Descriptive Questions (7 Marks Type)

(High probability – almost guaranteed from Unit 4)

15. Explain Grid Connected Solar Power Projects and Solar Park Policy with neat
diagram.

16. Explain PM–KUSUM Scheme with its components and benefits.
17. Explain Wind Energy Policies in India, including Wind Data Sharing Policy.
18. Explain Hybrid Renewable Energy Policy and its importance.
19. Explain Future Energy Policies of India focusing on sustainability.
20. Explain Grid connected rooftop solar system with net metering and advantages.

2. Application & Logical Thinking Questions (5 Questions)

(Differentiates average answers from distinction-level answers)

1. Why is net metering essential for the success of rooftop solar programmes?
Explain using power flow logic.

2. How does PM–KUSUM scheme reduce financial burden on both farmers and
DISCOMs?
Justify your answer.

3. Why are solar parks preferred over scattered solar plants for large-scale
generation?
Explain with infrastructure and grid considerations.

4. Explain how hybrid renewable energy systems improve grid stability compared to
single-source systems.

5. India has both solar and wind potential. Why are future energy policies focusing
on hybrid and storage-based systems?
Give logical reasons.


