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DIPLOMA EXAMINATION IN ENGINEERING/TECHNOLOGY/
MANAGEMENT/COMMERCIAL PRACTICE, APRIL - 2024

Renewable Energy and Environment 6012A

[Maximum Marks: 75] [Time: 3 Hours]
PART-A
I. Answer all the following questions in one word or one sentence. Each question carries
‘one’ mark.

(9x1=9 Marks)

Module Outcome Cognitive level

1. | Define Renewable Energy M1.01 R
Renewable energy refers to energy derived from naturally
occurring, replenishable resources that are not depleted when
used. Unlike finite fossil fuels, renewable energy sources are
sustainable over the long term because they are constantly
replenished by natural processes. Common examples of
renewable energy sources include:

Solar Energy

Wind Energy:.
Hydropower:
Geothermal Energy:.

2. | Write any two different renewable energy technologies M1.02 R
Solar Energy

Wind Energy:.
Hydropower:
Geothermal Energy:.

3. | Write any 2 applications of solar thermal energy M2.01 R
Solar Water Heating Systems
Concentrated Solar Power (CSP) Plants
4. | Write the weakness of PV system M2.03 U
Intermittencv and Variabilitv: Solar power aeneration is
dependent on sunliaht, makina it intermittent and variable. PV
svstems aenerate electricitv onlv when the sun is shinina, and their
output can be affected bv factors such as cloud cover, weather
conditions, and the time of day. This intermittency poses a
challenae for providina a consistent and reliable power supply.
Eneray storage systems, such as batteries, can help address this
weakness by storina excess eneray aenerated durina peak
sunlight hours for use during periods of low or no sunlight.

5. | Write the Types of Wind Energy Systems M3.01 R
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o Horizontal Axis Wind Turbines (HAWT): The most
common type of onshore wind turbine. The main rotor
shaft and generator are oriented horizontally, and the
blades rotate around a horizontal axis.

¢ Vertical Axis Wind Turbines (VAWT): In VAWTSs, the
rotor shaft is positioned vertically, and the blades
rotate around a vertical axis. This design is less
common but offers advantages in certain applications,
such as easier maintenance and the ability to capture
wind from any direction.

Write the Limitations Tidal energy

Environmental Impact: Tidal energy systems can have
environmental impacts on marine ecosystems. The installation
of tidal turbines and associated infrastructure can disrupt
underwater habitats, affect marine life migration patterns, and
pose a risk of collision with marine species. The alteration of
tidal flows and sediment transport can impact local
ecosystems and habitats.

Limited Geographic Applicability: Tidal energy is most
viable in regions with strong tidal currents, typically found in
coastal areas or estuaries. This limits the geographic
applicability of tidal energy, as not all locations have the
necessary tidal conditions to generate significant power.
Moreover, the most energy-rich sites may be located in
environmentally sensitive areas.

High Initial Costs and Maintenance: The development and
installation of tidal energy systems can be expensive,
particularly for offshore installations. The harsh marine
environment poses challenges for the construction,
installation, and maintenance of tidal turbines, increasing
operational costs. The underwater nature of these systems
also makes maintenance and repairs more complex and
costly.

Intermittency and Predictability: Tidal energy is subject to
the predictability of tidal patterns, which can vary daily and
seasonally. The intermittent nature of tides poses challenges
for consistent electricity generation. Energy production is
limited to specific times during the tidal cycle, and the
variability makes it difficult to match supply with demand.
Infrastructure and Grid Connection: Establishing the
necessary infrastructure for tidal energy projects, including
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grid connections and energy storage solutions, can be
logistically challenging and costly. Connecting tidal energy
systems to the electrical grid requires specialized technology
to manage the variability and intermittency inherent in tidal
power generation.

Limited Potential for Inland Areas: Tidal energy is primarily
applicable to coastal areas with significant tidal ranges. Inland
areas or regions far from the coast do not have access to tidal
energy resources. This limitation restricts the widespread
deployment of tidal energy systems globally.

7. | What are the applications of Wave Energy M3.02 R
1 Ocean Thermal Energy Conversion (OTEC):
2 Electricity Generation:

3 Desalination:

4 Navigation Buoys and Offshore Platforms:

8. | Define hiomass M4.01 U
Biomass refers to oraanic materials. primarilv derived from plants
and animals. that can be used as a source of enerav. It is a
renewable and sustainable resource. as these materials are
continuously replenished through natural processes

9. | What is the classification of bio gas plants? M4.02 R
Three main types of simple biogas plants can be distinguished
(see Figure 3): - balloon plants, - fixed-dome plants, - floating-
drum plants. A balloon plant consists of a plastic or rubber
digester bag, in the upper part of which the gas is stored. The inlet
and outlet are attached direct to the skin of the balloon.

PART-B
Il. Answer any eight questions from the following. Each question carries ‘three’ marks.

(8 x 3 =24 Marks)

Module Outcome Cognitive level

1. | Write the difference between Renewable energy and Nonrenewable M1.01 U
energy technologies

Renewable energy and nonrenewable energy technologies
represent two broad categories of energy sources with
fundamental differences. Here are key distinctions between
renewable and nonrenewable energy technologies:

Renewable Energy Technologies:

Source of Energy:

« Renewable Energy: Derived from naturally
replenishing sources, such as sunlight (solar energy),
wind, water flow (hydropower), geothermal heat, and
biomass. These sources are sustainable over the long
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term.

Sustainability and Availability:

e Renewable Energy: Sustainable and virtually
inexhaustible over human timescales. These sources are
constantly replenished by natural processes, reducing
environmental impact and promoting long-term energy
security.

Environmental Impact:

« Renewable Energy: Generally has lower environmental
impact compared to nonrenewable sources. However,
specific technologies may have localized environmental
considerations (e.g., land use for solar or wind farms,
impact on ecosystems for hydropower).

Greenhouse Gas Emissions:

o Renewable Energy: Typically produces minimal or zero
greenhouse gas emissions during energy generation,
contributing to efforts to mitigate climate change.

Examples:

o Solar photovoltaic systems, wind turbines, hydropower
plants, geothermal power plants, and biomass energy
systems are examples of renewable energy
technologies.

Nonrenewable Energy Technologies:

Source of Energy:

o Nonrenewable Energy: Derived from finite resources
that cannot be replenished on a human timescale.
Examples include fossil fuels like coal, oil, and natural
gas, as well as nuclear energy derived from uranium.

Sustainability and Availability:

« Nonrenewable Energy: Finite and depletable. Once
these resources are extracted and consumed, they
cannot be easily replaced. The depletion of
nonrenewable resources poses challenges for long-
term energy security.

Environmental Impact:

o Nonrenewable Energy: Often associated with
significant environmental impact, including air and
water pollution, habitat disruption, and the release of
greenhouse gases. Extracting and burning fossil fuels
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contribute to climate change and environmental

degradation.

Greenhouse Gas Emissions:

« Nonrenewable Energy: Can produce substantial
greenhouse gas emissions, particularly fossil fuels like
coal, oil, and natural gas. Nuclear energy has lower
direct emissions but poses challenges related to
radioactive waste.

Write the Advantages of renewable energy systems

Environmental Benefits:

o Reduced Greenhouse Gas Emissions:.

o Lower Air and Water Pollution

Sustainability:

« Inexhaustible Resources: Renewable energy sources,
such as sunlight, wind, and flowing water, are virtually
inexhaustible on human timescales, providing a
sustainable and long-term solution to energy needs.

o Reduced Resource Depletion: Unlike nonrenewable
sources (fossil fuels, nuclear), renewable energy
technologies do not deplete finite resources,
contributing to energy security.

Energy Independence:

o Reduced Reliance on Imported Fossil Fuels: Investing
in domestic renewable energy sources can enhance
energy independence by reducing reliance on imported
fossil fuels, improving energy security for nations.

Job Creation and Economic Growth:

e Job Opportunities: The development, installation, and
maintenance of renewable energy systems create job
opportunities in manufacturing, installation, operations,
and related sectors.

o Economic Growth: The renewable energy sector can
contribute to economic growth through investments,
technological innovation, and the establishment of new
industries.

Diversification of Energy Sources:

Community and Rural Development:

o Decentralized Energy Generation: the need for
extensive centralized infrastructure.

e Rural Development: Renewable energy projects can

contribute to rural development by providing new

M1.04
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economic opportunities and access to electricity in

remote areas.

Technological Advancements and Innovation:

e Research and Development: The pursuit of renewable
energy solutions stimulates research and development,
driving technological advancements that can have
broader applications beyond the energy sector.

« Innovation: The renewable energy sector encourages
innovation in energy storage, grid management, and
efficiency improvements, leading to more resilient and
advanced energy systems.

Public Health Benefits:

o Reduced Health Impacts: By decreasing reliance on
fossil fuels, renewable energy systems contribute to
improved air quality, leading to reduced respiratory and
cardiovascular health impacts associated with air
pollution.

Energy Access:

Explain the detail about geothermal energy technologies

Geothermal energy technologies harness the heat stored
beneath the Earth's surface to generate electricity or provide
direct heating for various applications. This renewable energy
source relies on the natural heat emanating from the Earth's
interior, primarily from the decay of radioactive elements and
the heat retained from the planet's formation. There are
several geothermal energy technologies, each with its own
approach to tapping into this vast and sustainable resource:

Geothermal Power Plants:

o Dry Steam Power Plants: These plants use high-
pressure, high-temperature steam extracted directly
from the geothermal reservoir to drive turbines
connected to generators. The steam is then condensed
back into water and returned to the reservoir. Dry
steam power plants are relatively rare due to the
specific geological conditions required.

o Flash Steam Power Plants: The most common type of
geothermal power plant, flash steam plants utilize high-
pressure, high-temperature geothermal fluid. As the
fluid is brought to the surface, the pressure is reduced,

causing some of it to vaporize or "flash" into steam. The
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steam is then used to generate electricity.
Binary Cycle Power Plants:

e In binary cycle power plants, lower-temperature
geothermal fluids (typically around 150 to 370 degrees
Fahrenheit or 66 to 188 degrees Celsius) are used to
heat a secondary fluid with a lower boiling point, such
as isobutane or pentane. The vaporized secondary fluid
is then used to drive a turbine connected to a
generator, producing electricity.

Write the difference between solar thermal system and PV system

Solar thermal systems and photovoltaic (PV) systems are both
technologies that harness energy from the sun but differ in
how they convert sunlight into usable energy. Here are the key
differences between solar thermal systems and PV systems:

1. Conversion Mechanism:

Solar Thermal System: Converts sunlight into heat energy. It
typically uses mirrors or lenses to concentrate sunlight onto a
receiver, which then absorbs the solar energy and transfers it
as heat to a working fluid (e.g., water or oil). The heated fluid
is used to produce steam that drives a turbine connected to a
generator, generating electricity.

PV System: Converts sunlight directly into electricity through
the photovoltaic effect. PV systems use semiconductor
materials (such as silicon) in solar cells to generate an electric
current when exposed to sunlight.

2. Energy Output:

Solar Thermal System: Primarily generates heat energy,
which can be used for various applications, including
electricity generation, space heating, and industrial processes.
PV System: Generates electricity that can be used for a wide
range of applications, including residential and commercial
power needs, grid-connected systems, and off-grid
applications.

3. System Components:
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Solar Thermal System: Includes mirrors or lenses (collectors)
to focus sunlight, a receiver to absorb and convert sunlight
into heat, a working fluid (or sometimes air) to transfer heat,
and a power cycle (steam turbine or other) to convert thermal
energy into electricity.

PV System: Comprises solar cells made of semiconductor
materials (solar panels or modules), an inverter to convert
direct current (DC) electricity produced by the cells into
alternating current (AC), and a balance of system components
like wiring, mounting structures, and sometimes energy
storage.

4. Efficiency:

Solar Thermal System: Generally achieves higher overall
efficiency when used for electricity generation, especially in
large-scale power plants, as it can concentrate sunlight and
produce higher temperatures.

PV System: Efficiency can vary but has seen significant
improvements over time. PV systems are widely used for
distributed generation due to their modular design, scalability,
and suitability for various applications.

Applications:

Solar Thermal System: Commonly used for large-scale power
plants, both central receiver and parabolic trough systems. It is
also employed in smaller-scale applications for heating
purposes, such as solar water heaters.

PV System: Versatile and used for a wide range of
applications, including residential rooftop installations,
commercial and industrial arrays, solar farms, portable solar
devices, and off-grid power systems.

Draw and Explain Photovoltaic electric conversion
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Photovoltaic (PV) electric conversion is a technology that
directly converts sunlight into electricity using semiconductor
materials. The basic building block of PV technology is the
solar cell, which is also known as a photovoltaic cell. When
sunlight strikes a solar cell, it initiates a process that generates
an electric current. Here is a detailed explanation of the
photovoltaic electric conversion process:

Solar Cell Structure:

o Semiconductor Material: Solar cells are typically made
of semiconductor materials, most commonly crystalline
silicon. Other materials, such as thin-film
semiconductors (amorphous silicon, cadmium telluride,
or copper indium gallium selenide), are also used in
various PV technologies.

e P-N Junction: Solar cells have a p-n junction, where p-
type (positively doped) and n-type (negatively doped)
semiconductor materials are joined. This junction
creates an electric field within the cell.

o Photons Absorption: When sunlight (composed of
photons) strikes the semiconductor material, the
energy from the photons is absorbed by electrons in
the material. This absorption causes some electrons to
gain enough energy to move from the valence band to
the conduction band.

Generation of Electron-Hole Pairs:

« Excitation of Electrons: When an electron absorbs
energy from a photon, it becomes excited and moves
into the conduction band, leaving behind a "hole" (a
positive charge) in the valence band.

» Generation of Electron-Hole Pairs: The excitation of
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electrons creates electron-hole pairs within the
semiconductor material. These pairs represent mobile
charge carriers that can contribute to the generation of
an electric current.

Electric Field and Current Flow:

o Built-In Electric Field: The p-n junction creates a built-
in electric field within the solar cell. This electric field
causes the free electrons and holes to move in opposite
directions.

o Current Flow: As a result of the electric field, the
electrons move toward the n-type region, while the
holes move toward the p-type region. This movement
of charge carriers constitutes an electric current.

Metal Contacts and Current Collection:

e Metal Contacts: Metal contacts on the top and bottom
of the solar cell provide an external electrical path for
the generated current.

o External Circuit: When an external load (such as a light
bulb or an electrical device) is connected to the metal
contacts, the flow of electrons through the external
circuit creates electric power.

Inverter and Power Grid Connection:

o Direct Current (DC) to Alternating Current (AC): The
electricity generated by a single solar cell is direct
current (DC). In many applications, especially for grid-
connected systems, an inverter is used to convert the
DC electricity into alternating current (AC).

o Grid Connection: The AC electricity can be used to
power homes or businesses, or it can be fed into the
electrical grid. When connected to the grid, excess
electricity can be supplied to the grid, and when more
power is needed, electricity can be drawn from the grid.

Explain the Applications of wind energy
The terms "wind energy" and "wind power" both describe the
process by which the wind is used to generate mechanical power
or electricity. This mechanical power can be used for specific tasks
(such as grinding grain or pumping water) or a generator can
convert this mechanical power into electricity.

M3.01

Explain the detail about site selection of wind energy

Choose terrain that can gather wind and lead to a mountainside or
mountaintop. It should have the geographic ability to arrange wind
turbine plant and power transmission site. There should be a site
for the construction and installation of the wind turbine station.
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Favorable sites include the tops of smooth, rounded hills; open
plains and water; and mountain gaps that funnel and intensify
wind. Wind speeds are generally higher the greater the distance
above the earth's surface. Large wind turbines are placed on
towers that range from about 500 feet to as high as 900 feet tall.

Explain the applications of Bio energy

Bioenergy refers to the use of biomass, or organic materials
derived from living or recently living organisms, to generate
energy. It is a versatile and renewable source of energy with
various applications across different sectors. Here are some
key applications of bioenergy:

Bioelectricity Generation:

» Biopower Plants: Biomass can be burned directly to
produce heat, which is used to generate steam and
drive turbines connected to generators, producing
electricity. This is commonly done in dedicated biomass
power plants or in co-firing with coal in existing power
plants.

Biofuels for Transportation:

o Bioethanol: Produced through the fermentation of
sugars found in crops such as corn, sugarcane, and
cellulosic biomass. It is commonly used as a blending
agent in gasoline or as an E85 fuel (85% ethanol, 15%
gasoline) for flexible-fuel vehicles.

o Biodiesel: Produced from vegetable oils or animal fats
through a chemical process called transesterification. It
can be used as a diesel fuel substitute or blended with
traditional diesel.

Heating and Cooking:

» Biomass Stoves and Boilers: Biomass can be burned
for heating in residential, commercial, and industrial
settings. Biomass stoves can use wood pellets,
agricultural residues, or other organic materials for
space heating or cooking.

Biogas Production:

« Anaerobic Digestion: Organic materials, such as
agricultural residues, animal manure, and organic
waste, can be anaerobically digested to produce
biogas—a methane-rich gas. Biogas can be used for
heating, electricity generation, or as a vehicle fuel.

Combined Heat and Power (CHP):

o Biomass CHP Systems: Combined heat and power
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systems use biomass to simultaneously produce heat
and electricity. This approach improves overall energy
efficiency compared to separate generation systems.
Industrial Applications:

o Process Heat: Biomass can be used to provide heat for
various industrial processes, such as drying, distillation,
and steam production.

e Cogeneration: Biomass can be employed in combined
heat and power systems to meet the thermal and
electrical energy needs of industrial facilities.

Biochemicals and Biomaterials:

o Biobased Chemicals: Bioenergy feedstocks can be
used to produce various chemicals, including
bioplastics, bio-based solvents, and other industrial
chemicals.

o Bio-based Materials: Biomass-derived materials, such
as lignocellulosic fibers, can be used in the production
of bio-based materials like biocomposites, bio-based
polymers, and construction materials.

Waste Management:

Write properties of solid, liquid and gaseous fuel for biomass power
plants

Properties of solid, liquid, and gaseous fuels used in biomass
power plants vary based on the form in which the biomass is
processed and utilized. Here are the key properties of each
type of biomass fuel:

1. Solid Biomass Fuel:

Examples: Wood pellets, wood chips, agricultural residues
(e.g., straw, corn stover), and dedicated energy crops (e.g.,
switchgrass).
Properties:

o Density: Solid biomass fuels have varying densities.
Pellets, for example, are densified and have a higher
energy density than loose biomass materials.

e Moisture Content: Moisture content is a critical
parameter. High moisture content reduces the calorific
value and efficiency of combustion. Proper drying is
often required.

o Size and Shape: The size and shape of solid biomass

M4.02




particles impact combustion efficiency and the design
of combustion systems.

o Calorific Value: The calorific value, or energy content,
varies depending on the type of biomass. Generally
expressed in terms of energy per unit mass (e.g.,
MJ/kg).

2. Liquid Biomass Fuel:

Examples: Biofuels such as biodiesel, bioethanol, and

pyrolysis oil (liquid produced from biomass through pyrolysis).

Properties:

o Viscosity: Liquid biofuels have different viscosities,
affecting their flow characteristics. Adjustments may be
needed for compatibility with existing liquid fuel
infrastructure.

o Flash Point: The temperature at which a liquid fuel
gives off enough vapor to ignite. This is a safety
consideration for handling and storage.

« Energy Density: Liquid biofuels generally have higher
energy densities than solid biomass fuels, facilitating
transport and storage.

3. Gaseous Biomass Fuel:

10.

Write the Advantages biogas

Biogas, a renewable and clean energy source, offers various
advantages across environmental, social, and economic
dimensions. Here are some key advantages of biogas:

Renewable and Sustainable:

o Continuous Production: Biogas is produced through
the anaerobic digestion of organic materials, such as
agricultural residues, manure, and organic waste. As
long as the feedstock is available, biogas production
can be sustained.

Reduction of Greenhouse Gas Emissions:

o Methane Capture: Anaerobic digestion prevents the
release of methane (a potent greenhouse gas) into the
atmosphere, as it captures and utilizes methane for
energy production. This process helps reduce
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greenhouse gas emissions and mitigates climate
change.
Waste Management and Odor Control:

e Organic Waste Utilization: Biogas systems provide a
means to effectively manage and utilize organic waste,
including agricultural residues, food waste, and animal
manure.

e Odor Reduction: Anaerobic digestion reduces the
odor associated with decomposing organic waste,
improving local environmental conditions.

Energy Generation:

o Electricity and Heat Production: Biogas can be used
to generate electricity and heat through combined heat
and power (CHP) systems, providing a reliable and
decentralized energy source.

Localized and Decentralized Energy Production:

o On-Site Energy Production: Biogas systems can be
implemented on a decentralized scale, allowing for on-
site energy generation at farms, wastewater treatment
plants, and other facilities.

Nutrient-Rich Digestate as Fertilizer:

» Digestate Utilization: The nutrient-rich digestate, a
byproduct of biogas production, can be used as an
organic fertilizer. This enhances soil fertility and reduces
the need for synthetic fertilizers.

Energy Security and Rural Development:

o Energy Independence: Biogas production contributes
to energy security by providing a local and renewable
energy source, reducing dependence on traditional
fossil fuels.

o Rural Employment: The establishment and operation
of biogas systems can create job opportunities,
particularly in rural areas.

Diverse Feedstock Options:

o Wide Range of Feedstocks: Biogas systems can use
various organic materials as feedstock, including
agricultural residues, manure, food waste, and
dedicated energy crops.

Low Environmental Impact:

o Low Emissions: Compared to traditional fossil fuels,

biogas combustion results in lower emissions of




pollutants such as sulfur dioxide, nitrogen oxides, and
particulate matter.

Flexible Applications:

o Cooking and Lighting: Biogas can be used for
cooking, heating, and lighting in households, providing
a clean alternative to traditional biomass cooking
methods.

Wastewater Treatment:

o Treatment and Energy Recovery: Biogas systems are
used in wastewater treatment plants to treat organic
waste in sewage while simultaneously recovering
energy.




PART-C

Answer all questions. Each question carries ‘seven’ marks

(6 X 7 =42 Marks)

Module Outcome Cognitive level

Explain the detail about solar Energy and wind Energy

VS

25 kwh Eocycle turbine 65 kwh solar panels
will produce 112,000 kwh energy will produce 112,000 kwh energy

Requires a single wind turbine to Requires 234 solar panels to
produce equivalent amount of produce equivalent amount of
energy energy

More efficient (requires 25 kwh) to  Less efficient (requires 65 kwh) to

produce equivalent amount of produce equivalent amount of
energy energy
Requires 375 ft2 of space for 25- Requires 3,854 ft2 of space (2
kilowatt turbine tennis courts) for equal amount of
production

Together wind & solar provide power all-year &
practically around the clock.

. Solar energy is any type of energy generated by the sun.
Solar energy can be harnessed directly or indirectly for human
use. These solar panels, mounted on a rooftop in Germany,
harvest solar energy and convert it to electricity. Solar energy is
any type of energy generated by the sun.

\Wind turbines work on a simple principle: instead of using
electricity to make wind—Ilike a fan—wind turbines use wind to
make electricity. Wind turns the propeller-like blades of a
turbine around a rotor, which spins a generator, which creates
electricity.

OR
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Explain the detail about hydroelectric power station with neat diagram
A hydroelectric power station is a facility that generates
electrical power by harnessing the energy of flowing or
falling water. It involves the conversion of potential energy
from water at a higher elevation to kinetic energy and
then into electrical energy through the operation of
turbines and generators. Below is a detailed explanation of
the components and processes involved in a hydroelectric
power station, accompanied by a simplified diagram:

Components of a Hydroelectric Power
Station:

Reservoir:

o Alarge water reservoir is created by constructing a
dam across a river or watercourse. The reservoir
stores water and allows for the controlled release of
water to generate power.

Dam:

o The dam serves multiple purposes, including the
creation of the reservoir, flood control, and
regulation of water flow. Different types of dams
include gravity dams, arch dams, and embankment
dams.

Intake Structure:

o Anintake structure is located near the base of the
dam and is designed to capture water from the
reservoir. The water is directed into a penstock, a
large pipe or tunnel that carries water to the
turbines.

Penstock:

e The penstock is a conduit that transports water
from the intake to the turbines. It can be made of
steel, concrete, or other materials and is designed
to withstand high pressures.

Turbines:

o The water from the penstock flows through
turbines, which are devices designed to convert the
kinetic energy of flowing water into mechanical
energy. There are different types of turbines, such
as Francis, Kaplan, and Pelton turbines, each
suitable for specific conditions.




Generator:

o Connected to the turbine, the generator converts
the mechanical energy from the turbine into
electrical energy. The generator typically consists of
a rotor (rotating part) and a stator (stationary part),
with electromagnets and conductive coils.

Transformer:

o The electrical output from the generator is often at
a low voltage. Transformers are used to step up the
voltage to a level suitable for long-distance
transmission.

Transmission Lines:

» High-voltage transmission lines carry the generated
electricity from the power station to distribution
networks and end-users.

Powerhouse:

o The powerhouse contains the turbines, generators,
and other essential equipment. It is often located at
the base of the dam or adjacent to the water
source.

Operation of a Hydroelectric Power Station:

Water Release:

o Water is released from the reservoir, flowing
through the intake structure and penstock, gaining
kinetic energy as it descends.

Turbine Operation:

o The flowing water strikes the blades of the turbine,
causing it to spin. The type of turbine used depends
on factors such as head (the height water falls) and
flow rate.

Mechanical to Electrical Conversion:

o The spinning turbine shaft is connected to the
generator rotor. As the turbine spins, it turns the
generator rotor, inducing an electrical current in the
stator windings.

Electricity Generation:

o The generator produces electrical power, which is
then transmitted through transformers and power
lines for distribution to consumers.
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Source: Adapted from the Tennessee Valley Authority (public domain)

VI.

With the help of neat sketch explain about solar thermal power
stations

A solar thermal power station harnesses the sun's energy
to generate electricity through the use of concentrated
solar power (CSP) technology. Here is a detailed
description of the main components:

Solar Collectors:

o Solar thermal power stations use large arrays of
mirrors or lenses to concentrate sunlight onto a
small area, typically onto a receiver or a set of
receivers.

Receiver:

o The receiver is located at the focal point of the solar
collectors and absorbs the concentrated sunlight.
The receiver is designed to withstand high
temperatures. Common types include central
receivers, parabolic troughs, and parabolic dishes.

Working Fluid:

o A working fluid, often a heat transfer fluid like
molten salt or synthetic oil, circulates through the
receiver, absorbing the solar energy and becoming
heated.
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Heat Exchanger:

o The heated working fluid transfers its thermal
energy to a heat exchanger. In the case of molten
salt systems, the molten salt can store the thermal
energy for use during periods without sunlight.

Steam Generation:

e The heat exchanger produces steam by transferring
the heat from the working fluid to a separate water
loop. The steam is generated at high temperatures
and pressures.

Steam Turbine:

e The high-pressure steam is directed into a steam
turbine, causing the turbine blades to spin. The
turbine is connected to a generator.

Electricity Generation:

o As the steam turbine spins, it drives the generator,
converting the mechanical energy into electricity.

Cooling System:

o After passing through the turbine, the steam is
condensed back into liquid form using a cooling
system, typically utilizing air or water.

Power Grid Connection:

o The generated electricity is then fed into the power
grid, supplying clean and renewable energy to
consumers.

Types of Solar Thermal Power Stations:

Parabolic Trough Systems:

e Use long, curved mirrors to focus sunlight onto a
receiver tube running along the focal line. The
concentrated sunlight heats the working fluid
within the tube.

Solar Power Towers:

o Utilize an array of mirrors (heliostats) to focus
sunlight onto a central receiver located atop a
tower. The concentrated sunlight heats the working
fluid in the receiver.

Parabolic Dish Systems:

o Consist of a dish-shaped mirror that focuses
sunlight onto a receiver at the focal point. The
concentrated sunlight heats the working fluid,




which then drives a Stirling engine or a similar
power conversion system.

Solar thermal power stations have the advantage of being
able to store thermal energy, allowing for electricity
generation even during periods without direct sunlight.
They play a crucial role in generating clean energy and
reducing reliance on fossil fuels.

OR
Explain the detail about any 3 PV technologies

Photovoltaic (PV) technologies convert sunlight into
electricity using semiconductors and have evolved over
the years. Here are three prominent PV technologies:

Crystalline Silicon Solar Cells:
o Description:

o Crystalline silicon (c-Si) solar cells are the
most widely used and established PV
technology. They dominate the global
market and are known for their reliability and
efficiency.

» Working Principle:

o Silicon, a semiconductor material, absorbs
photons from sunlight, creating electron-
hole pairs. The movement of these charge
carriers generates an electric current.

o Types:

o Monocrystalline Silicon (Mono-Si): Single-
crystal structure, higher efficiency, sleek
appearance.

o Polycrystalline Silicon (Poly-Si): Multiple
crystals, slightly lower efficiency, cost-
effective.

o Advantages:

« High efficiency.

o Proven technology with a long track record.

» Relatively stable and durable.

o Challenges:

e Manufacturing involves energy-intensive
processes.

o Limited flexibility in terms of design and
application.




Thin-Film Solar Cells:
o Description:

e Thin-film solar cells are characterized by
their use of thin semiconductor layers,
offering flexibility and potential for low-cost
manufacturing.

» Working Principle:

e Thin layers of semiconductor materials, such
as amorphous silicon (a-Si), cadmium
telluride (CdTe), or copper indium gallium
selenide (CIGS), absorb sunlight to generate
electricity.

o Types:

e Amorphous Silicon (a-Si): Flexible,
lightweight, suitable for building-integrated
applications.

e Cadmium Telluride (CdTe): Efficient and cost-
effective, commonly used in large utility-
scale installations.

o Copper Indium Gallium Selenide (CIGS): High
efficiency, potential for flexible and
lightweight applications.

o Advantages:

« Flexibility and potential for lightweight
applications.

o Cost-effective manufacturing processes.

o Better performance in low-light conditions
compared to crystalline silicon.

o Challenges:

o Historically lower efficiency compared to
crystalline silicon.

o Some materials may pose environmental
concerns.

Perovskite Solar Cells:
o Description:

o Perovskite solar cells are an emerging PV
technology with the potential for high
efficiency and ease of manufacturing.

« Working Principle:

o Perovskite materials, named after their
crystal structure, are used as the active layer.
These materials exhibit excellent light-




absorbing properties.
o Advantages:
o Rapid efficiency gains, reaching levels
comparable to traditional silicon cells.
o Potential for low-cost production through
solution-based processes.
o Versatility in design and potential for
transparent and flexible applications.
e Challenges:
o Stability issues, particularly sensitivity to
moisture and degradation over time.
o Scalability and commercialization challenges.
o Some perovskite materials may contain lead,
raising environmental concerns.

VII.

VIII.

Explain the detail about Wind Map of India and Wind Data and
Energy Estimation

A wind map of India provides a visual representation of
the wind potential across different regions of the country.
Wind data and energy estimation involve the collection
and analysis of information related to wind speed,
direction, and other meteorological factors to assess the
feasibility and potential energy generation from wind
power. Here's an overview:

Wind Map of India:

Resource Assessment:

e Wind maps are created through comprehensive
resource assessment studies that involve the
measurement and analysis of wind characteristics in
various regions.

o These maps depict the distribution of wind speeds
and directions, allowing developers and
policymakers to identify areas with high wind
potential.

Meteorological Data:

» Meteorological data, including historical wind
speed data, is collected from ground-based
weather stations, remote sensing devices like
anemometers, and satellite observations.

o The data is then processed and analyzed to
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understand the wind regime in different seasons
and at various altitudes.
Wind Atlas:

o Wind maps are often compiled into wind atlases,
which provide a detailed overview of the wind
resource in a region.

e Wind atlases help in identifying suitable locations
for wind power projects, optimizing turbine
placements, and estimating potential energy
generation.

Factors Considered:

e Wind maps take into account factors such as wind
speed frequency distribution, wind direction,
turbulence intensity, and other atmospheric
conditions.

o Topographical features, land use patterns, and
obstacles are also considered to assess the local
wind characteristics accurately.

National Institute of Wind Energy (NIWE):

o InIndia, the National Institute of Wind Energy
(NIWE) is the apex body responsible for wind
resource assessment and mapping.

o NIWE maintains wind atlases for different states
and regions, providing valuable information to
stakeholders in the wind energy sector.

Wind Data and Energy Estimation:

Wind Data Collection:

o Wind data collection involves the deployment of
anemometers and other meteorological
instruments at prospective wind farm sites.

o Data is collected continuously over an extended
period to capture seasonal variations and long-term
wind patterns.

Wind Data Analysis:

« Analyzing wind data involves statistical methods to
determine the mean wind speed, turbulence
intensity, and other relevant parameters.

o Long-term wind speed data is crucial for estimating
the potential energy production of a wind farm.

Energy Estimation Models:




Various models, such as the Power Law and the
Weibull distribution, are used to estimate the
energy production potential of a wind site.

These models take into account the wind speed
distribution and provide insights into the expected
annual energy yield.

Micrositing Studies:

Micrositing involves detailed site-specific wind
assessments, considering the terrain, obstacles, and
other factors that may influence wind flow.
Advanced computational tools are used to simulate
wind flow and optimize turbine placements for
maximum energy capture.

Bankable Wind Data:

High-quality wind data is crucial for attracting
financing and ensuring the bankability of wind
projects.

Third-party validation and certification of wind data
by accredited agencies provide confidence to
investors and lenders.

OR

Explain any one from the following with the details

1)Tidal energy

WHAT IS TIDAL ENERGY?

Tidal energy is a form of renewable energy obtained from
the movement of tides.

The difference in height between high and low tides is
harnessed to generate electricity.

Turbines are installed in strategic locations where the ebb
and flow of water are most intense, and the movement of
the tides rotates the turbines to generate energy.

Tidal energy is a clean and sustainable source of energy
since tides are predictable and constant. Additionally, it
does not produce greenhouse gas emissions and
contributes to reducing dependence on fossil fuels.
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Explain the detail about Wind Turbine Generator with neat diagram
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Wind Turbine Generator:

A wind turbine generator is a device that converts the
kinetic energy of the wind into electrical power. It typically
consists of the following main components:

Tower:

o The tower is the structure that supports the entire
wind turbine. It raises the turbine to an elevated
position to capture stronger and more consistent
winds.

Rotor Blades:

o Rotor blades are mounted on the hub and are
designed to capture the kinetic energy of the wind.
The shape and angle of the blades are crucial for
efficient energy capture.

e Modern wind turbines usually have three blades,
but some designs may have fewer or more.

Hub:

e The hub is the central component to which the
rotor blades are attached. It connects the blades to
the main shaft.

Nacelle:

o The nacelle is a housing that contains critical
components such as the gearbox, generator, and
control electronics. It is usually positioned at the
top of the tower.

o The nacelle is designed to rotate to face into the
wind, ensuring optimal energy capture.

Yaw System:

o The yaw system allows the turbine to turn and face
into the wind. This system ensures that the rotor
blades are always aligned with the wind direction.

o The yaw system is controlled by sensors that detect
wind direction.

Generator:

o The generator is a key component that converts the
mechanical energy from the rotating blades into
electrical energy. Common types of generators in
wind turbines include synchronous generators and
asynchronous (induction) generators.
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Gearbox:

o The gearbox is used to increase the rotational
speed of the rotor, allowing the generator to
produce electricity more efficiently. Some modern
wind turbine designs use direct-drive generators,
eliminating the need for a gearbox.

Anemometer and Wind Vane:

e Anemometers measure the wind speed, while wind
vanes determine the wind direction. These
instruments help the turbine adjust its orientation
for optimal performance.

Pitch System:

o The pitch system allows the adjustment of the angle
of the rotor blades. By changing the pitch, the
turbine can optimize power production based on
wind conditions and prevent damage in high winds.

Controller and Monitoring Systems:

o The controller manages the turbine's operation,
adjusting the yaw, pitch, and other parameters
based on real-time data from sensors.

e Monitoring systems collect data on the turbine's
performance, which can be used for maintenance
and optimization.

Working Principle:

Wind Capture:

o The rotor blades capture the kinetic energy of the
wind as they rotate.

Rotor Rotation:

o The rotation of the rotor blades drives the
generator or directly generates electricity in the
case of a direct-drive system.

Electricity Generation:

o The generator converts the mechanical energy into
electrical energy, producing alternating current
(AQC).

Power Transmission:

o The generated electricity is transmitted down the
tower and connected to the power grid.

OR




Explain the detail about Safety and Environmental Aspects of wind
energy

Safety and environmental considerations are crucial
aspects of wind energy projects, encompassing the
construction, operation, and decommissioning phases.
Here's a detailed overview of the safety and environmental
aspects of wind energy:

Safety Aspects:

Turbine Construction:

o During the construction phase, safety protocols are
paramount to protect workers. This includes the use
of personal protective equipment (PPE), proper
training, and adherence to safety guidelines.

Working at Heights:

o Wind turbine technicians often work at
considerable heights during installation,
maintenance, and repair activities. Strict safety
measures, fall protection systems, and
comprehensive training are essential to minimize
the risk of accidents.

Electrical Safety:

o Wind turbines generate electricity, posing potential
electrical hazards. Proper insulation, lockout-tagout
procedures, and electrical safety training are critical
to prevent accidents.

Transportation and Crane Operations:

o The transportation of large turbine components
and crane operations during installation require
careful planning and execution. Safety protocols,
proper road closures, and coordination with local
authorities are essential.

Fire Safety:

o Turbines have electrical and mechanical
components that can pose a fire risk. Fire detection
and suppression systems, along with emergency
response plans, are in place to mitigate these risks.

Emergency Response Plans:

o Wind farms have emergency response plans in case
of accidents or incidents. These plans include
evacuation procedures, first aid training, and




coordination with local emergency services.
Ice Throw and Blade Failure:

e Wind turbines in cold climates may accumulate ice,
posing a risk of ice throw. Safety measures, such as
automatic de-icing systems and exclusion zones,
help mitigate this risk. Blade failure is rare but has
safety implications, so turbine design includes
robust materials and quality control.

Environmental Aspects:

Habitat Impact Assessment:

e Prior to construction, wind developers conduct
habitat impact assessments to understand and
minimize the potential impact on local ecosystems.
This includes assessing bird and bat migration
patterns.

Noise Pollution:

o Wind turbines generate noise during operation,
which can impact local communities. Environmental
impact assessments include noise level monitoring
and adherence to permissible limits. Turbine
placement and design modifications may be
considered to mitigate noise impacts.

Visual Impact:

o The visual impact of wind farms on landscapes is a
consideration. Developers work to integrate wind
farms aesthetically into the surroundings, and
public consultations may be conducted to address
concerns.

Land Use and Turbine Footprint:

e Wind farms require land for turbine placement,
access roads, and other infrastructure. Developers
aim to minimize the lan

XI.

XIl.

\Write power plant Properties of solid fuel for biomass power
Properties of solid fuel for biomass power plants play a
crucial role in determining the efficiency and overall
performance of the combustion process. Here are some
key properties of solid biomass fuels used in biomass
power plants:
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Calorific Value:

e The calorific value, often expressed in megajoules
per kilogram (MJ/kg) or kilocalories per kilogram
(kcal/kg), represents the energy content of the
biomass. Higher calorific values contribute to more
energy production during combustion.

Moisture Content:

o The moisture content of solid biomass is a critical
parameter. Excess moisture can reduce the
efficiency of combustion by absorbing a portion of
the heat generated. Proper drying of biomass is
essential to optimize combustion efficiency.

Ash Content:

o Ash content refers to the inorganic residue left after
combustion. High ash content can lead to ash
deposition and slagging in the combustion
chamber, affecting performance and requiring
additional maintenance. Low ash content is
desirable.

Volatile Matter:

« Volatile matter includes the combustible
components of biomass that vaporize during
combustion. It contributes to the ignition and
combustion process. However, excessive volatile
matter can lead to increased emissions and
decreased combustion efficiency.

Fixed Carbon:

o Fixed carbon represents the non-volatile,
carbonaceous portion of biomass. It plays a crucial
role in the combustion process by providing stable
heat. An optimal balance of fixed carbon is essential
for efficient energy conversion.

Particle Size:

o Biomass fuels are often required to meet specific
particle size specifications for efficient combustion.
Particle size affects combustion kinetics, heat
transfer, and emissions. Grinding or pelletizing may
be employed to achieve the desired particle size.

Bulk Density:

o Bulk density refers to the mass of biomass per unit
volume. It influences storage, transportation, and
feeding systems in biomass power plants. Proper




bulk density ensures consistent fuel supply and
combustion.
Caking Index:

o The caking index measures the tendency of
biomass to form clinker or solid masses during
combustion. Biomass with a high caking index may
lead to operational issues, including blockages and
reduced combustion efficiency.

Sulfur Content:

o Sulfur content in biomass can contribute to
emissions of sulfur dioxide (SO,) during
combustion. Low sulfur content is preferred to
minimize environmental impact and comply with
emissions regulations.

Nitrogen Content:

« Nitrogen content in biomass influences the
formation of nitrogen oxides (NO,) during
combustion. Lower nitrogen content is desirable to
reduce NO, emissions.

Chlorine Content:

o Chlorine in biomass can lead to the formation of
corrosive compounds during combustion. Low
chlorine content is preferred to minimize corrosion
in the combustion system.

Trace Elements:

e Some trace elements present in biomass, such as
potassium, sodium, and chlorine, can contribute to
ash-related issues. Monitoring and managing these
trace elements are important for maintaining
system integrity.

OR

Draw and explain floating type biogas plant:

the floating gas holder type bio gas plant consists of a dome
shaped gas holder made of steel for collecting bio gas. The
dome shaped gas holder is not fixed but is moveable and floats
over the slurry present in the digester tank.
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XIV.

Explain the detail about fixed type biogas plant
igester (Biogas Plant):

o The heart of the fixed-type biogas plant is the
digester, which is a sealed, airtight chamber where
the anaerobic digestion process takes place.

o The digester is typically constructed using materials
like bricks, cement, or other durable materials to
ensure a gas-tight structure.

Inlet Pipe:

« Organic waste, such as kitchen waste, animal dung,
or agricultural residues, is fed into the digester
through an inlet pipe.

Gas Outlet Pipe:

o Biogas produced during the anaerobic digestion
process accumulates at the top of the digester. A
gas outlet pipe allows for the collection and
extraction of biogas for various applications.

Slurry Outlet Pipe:

o The digested slurry, which is the residual material
after biogas production, is drained out through a
slurry outlet pipe. This nutrient-rich slurry serves as
an excellent organic fertilizer.

Inlet and Outlet Valves:

e Inlet and outlet valves are used to regulate the flow
of organic waste into the digester and the removal
of digested slurry.

Gas Holder (Optional):
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o Some fixed-type biogas plants incorporate a gas
holder, which is a floating drum or balloon situated
above the digester. The gas holder rises and falls
based on the volume of biogas produced, providing
a simple mechanism for gas storage and pressure
regulation.

Mixing Mechanism (Optional):

o Inlarger fixed-type biogas plants, a mixing
mechanism may be installed to ensure the
homogeneous mixing of organic waste within the
digester. This enhances the efficiency of the
anaerobic digestion process.

Working Principle:

Loading the Digester:

o Organic waste, such as kitchen waste or animal
dung, is loaded into the digester through the inlet
pipe. The waste undergoes anaerobic digestion,
facilitated by the naturally occurring
microorganisms.

Anaerobic Digestion:

« In the absence of oxygen, microorganisms break
down the organic matter in the waste, producing
biogas as a byproduct. The primary components of
biogas are methane (CH,4) and carbon dioxide (CO5).

Biogas Collection:

» Biogas, being lighter than air, accumulates at the
top of the digester. The gas outlet pipe allows for
the collection and extraction of biogas.

Gas Storage (Optional):

o In systems with a gas holder, the floating drum or
balloon rises as biogas is generated, providing
storage. When biogas is used, the gas holder
descends.

Utilization of Biogas:

e Biogas produced in fixed-type biogas plants can be
utilized for cooking, lighting, heating, and other
applications. The energy derived from biogas is a
renewable and cleaner alternative to traditional
fuels.

Slurry Removal:




e The residual slurry at the bottom of the digester,
rich in nutrients, can be periodically drained out
through the slurry outlet pipe and used as organic
fertilizer in agriculture.

Advantages:

Low-Cost Construction:

» Fixed-type biogas plants are relatively simple and
cost-effective to construct using locally available
materials.

Suitable for Small-Scale Applications:

o These plants are well-suited for small-scale
applications, such as households, farms, or rural
communities.

Biogas as a Clean Energy Source:

o The produced biogas serves as a clean and
renewable energy source for cooking and other
domestic needs.

Nutrient-Rich Fertilizer:
o The digested slurry serves as an excellent organic
fertilizer, contributing to improved soil fertility.
Waste Management:
o Fixed-type biogas plants help in the effective
management and disposal of organic waste,
reducing environmental pollution.

Limitations:

Limited Scale:

o Fixed-type biogas plants are more suitable for
small-scale applications and may not be as practical
for larger installations.

Temperature Sensitivity:

o The anaerobic digestion process is sensitive to
temperature variations, and extreme temperatures
can affect biogas production.

Maintenance Challenges:

e Maintenance is crucial for the proper functioning of
the plant, including periodic cleaning and removal
of accumulated scum.




OR

Explain the detail about Thermal power station with neat diagram

A thermal power station, also known as a power plant or a
steam power plant, is a facility that converts thermal
energy into electrical energy. The primary source of
thermal energy for power generation is heat generated by
the combustion of fossil fuels, though other heat sources,
such as nuclear or solar energy, can also be used. Here is
an overview of the key components and the working
process of a thermal power station:

Components of a Thermal Power Station:

Boiler:

o The boiler is a crucial component where fossil fuels
(coal, oil, or natural gas) are burned to produce
high-temperature and high-pressure steam.

o The heat generated in the boiler is transferred to
water, converting it into steam.

Steam Turbine:

e The steam produced in the boiler is directed to a
steam turbine.

o The steam turbine converts the thermal energy in
the steam into mechanical energy as the steam
expands through the turbine blades, causing the
turbine to rotate.

Generator:
o The rotating turbine is connected to an electrical
generator.

o As the turbine spins, it drives the generator,
converting the mechanical energy into electrical
energy.

Condenser:

o After passing through the turbine, the steam enters
the condenser.

o Inthe condenser, the steam is condensed back into
water using cooling water from a nearby water
source.

Cooling Tower:

e The cooling tower is used to dissipate excess heat

from the condenser water.




o Warm water from the condenser is circulated
through the cooling tower, where it releases heat to
the atmosphere through evaporation.

Feedwater Pump:

o The feedwater pump is responsible for pumping
water from the condenser to the boiler.

e This water is then heated in the boiler to produce
steam, restarting the cycle.

Coal Handling Plant (if applicable):

e In coal-fired power plants, a coal handling plant is
essential to store, process, and transport coal to the
boiler.

Ash Handling System (if applicable):

e In coal-fired plants, an ash handling system is
required to manage and dispose of ash generated
during combustion.

Control Room:

o The control room houses the control systems and
operators who monitor and control various aspects
of the power plant, ensuring efficient and safe
operation.

Working Process:

Combustion in the Boiler:

o Fossil fuels are burned in the boiler, producing

high-temperature and high-pressure steam.
Steam Expansion in the Turbine:

o The steam is directed to the steam turbine, where it

expands, causing the turbine blades to rotate.
Electricity Generation:

o The rotating turbine is connected to the generator,

converting mechanical energy into electrical energy.
Condensation in the Condenser:

o After passing through the turbine, the steam enters
the condenser, where it is condensed back into
water.

Feedwater Pump and Restart:

o The feedwater pump pumps the condensed water
from the condenser back to the boiler, restarting
the cycle.
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