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UNIT-111
RENEWABLE SOURCES OF ENERGY

RENEWABLE ENERGY RESOURCES & NON-RENEWABLE ENERGY RESOURCES:
Renewable Energy Resources:
Definition: They are natural resources which can be regenerated continuously
Examples:  Solar energy = Solar cells, Solar heat collectors, Solar water heater

Wind energy = Wind mills, Wind farms

Ocean energy = Tidal energy, Ocean Thermal energy, Geothermal energy

Biomass energy = Biogas, Bio fuel, Hydrogen fuel

A) SOLAR ENERGY':

The Energy that we get directly from the sun is called solar energy
Methods of Harvesting Solar Energy

1. _Solar cells (or) photovoltaic cells (or) PV cells

e Solar cells consist of a p-type semiconductor and n-type semi-conductor

e They are in close contact with each other.

e When the solar rays fall on the top layer of p-type semi-conductor, the electrons
from the valence band get promoted to the conduction band and cross the p-n
junction into n-type semi-conductor.

e Thus potential difference produced between two layers causes flow of electrons
(ie.,an electric current)
Uses

Used in calculators, electronic watches. Street lights, water pumps to run radios and
TVs.

Solar Battery
e Large number of solar cells is connected in series to form a solar battery.

e Solar battery produce more electricity which is enough to run water pump, to
run street-light, etc.,

2. Solar heat collectors

e Solar heat collectors consist of natural materials like stones, bricks, (or) materials
like glass.

e They can absorb heat during the day time and release it slowly at night.

Uses

Used in cold places, where houses are kept in hot condition using solar heat
collectors.

3._Solar water heater

It consists of
« An insulated box inside of which is painted with black paint.
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% Provided with a glass lid to receive and store solar heat.

% Inside the box it has black painted copper coil, which heats the cold water.
% Then flows out into a storage tank.

From the storage tank water is then supplied through pipes.

R
*o*

Significance of Solar energy:
They are noise & pollution free
Solar water heaters, cookers require no fuels
Solar cells can be used in remote & isolated forest & hilly regions.
b WIND ENERGY

Definition
Moving air is called wind.
v Energy recovered from the force of the wind is called wind energy.
v/ The energy possessed by wind is because of its high speed.
v/ The wind energy is harnessed by making use of wind mills.
Methods of Harvesting wind energy

1. Wind Mills

e The strike of wind on the blades of the wind mill rotates it continuously.

e The rotational motion of the blade drives machines like water pump, flour mills, electric
generators etc.

2. Wind farms

e Wind farm consists of large number of wind mills .
e The wind farms produce a large amount of electricity.

Conditions
The minimum speed required for satisfactory working of a wind generator is 15 km/hr.

Advantages
It does not cause any air pollution

It is very cheap. ) _OCEAN ENERGY

It can be generated by following ways.
1. Tidal energy (or) Tidal power
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Ocean tides, produced by gravitational forces of sun and moon, contain enormous amount of energy.
e The “high tide” and “low tide” refer to the rise and fall of water in the oceans.
e The tidal energy can be harnessed by constructing a tidal barrage.

e During high tide, the sea-water which flow into the reservoir of the barrage, rotates the turbine,
which inturn produces electricity by rotating the generators

Significance of tidal energy:
Do not require large areas
Pollution free energy source
No fuel is used & does not produce any wastes.

2. Ocean thermal energy (OTE)

e The temperature difference between the surface level & deeper level of the oceans are used to
generate electricity.

e The energy available due to the difference in temperature of water is called ocean thermal

energy.
Condition

The temperature difference should be of 20°C or more between surface water and deeper water.

Process
e The warm surface water of ocean is used to boil a low boiling liquid like ammonia.
e The high vapour pressure thus produced turns the turbine of the generator and generates electricity.

Significance: OTE is Continuous, renewable, pollution free, used to produce Ho,

3. Geo-thermal Energy

The energy harnessed from high temperature & pressure present inside the earth is called geothermal
energy.

1. Natural geysers
In some places, the hot water (or) steam comes from the ground through cracks naturally

2. Artificial geysers

In some places, we can drill a hole up to the hot region & make the hot water to rush out through the
pipe with very high pressure.

Thus, the hot water (or) steam coming out from the natural (or) artificial geysers is allowed to rotate the
turbine of a generator to produce electricity.

Significance:
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Power generation is higher than solar & wind energies,
Can be brought online quickly,
Used for direct uses such as hot water bath, resorts, aquaculture, greenhouses.
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1. Biogas
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d) BIOMASS ENERGY

Biomass is the organic matter, produced by plants or animals,
Eg: Wood, crop residues, seeds, cattle dung, sewage, agricultural wastes.

e Mixture of methane, carbondioxide, hydrogen sulphide, ete.

e |t contains about 65% of methane gas as a major constituent

e Biogas is obtained by the anaerobic fermentation of animal dung or plant
wastes in the presence of water.

2. Bio fuels

Biofuels are the fuels, obtained by the fermentation of biomass.

Examples:
(a)Ethanol = Easily produced from the sugarcane. Its calorific value is less than petrol,

(b)Methanol = obtained from ethanol or sugar-containing plants. calorific value is also too
low than gasoline and diesel.

(c)Gasohol = Gasohol is a mixture of ethanol+gasoline.

NEED OF NEW SOURCES

The need for new sources of energy has become increasingly urgent due to a variety of
factors, including environmental, economic, and social pressures. While traditional fossil
fuels (such as coal, oil, and natural gas) have been the primary sources of energy for
centuries, their negative environmental impacts, coupled with concerns about their long-term
availability, have highlighted the necessity of transitioning to more sustainable and diverse
energy sources. Here are some of the key reasons why new sources of energy are needed:

1. Environmental Concerns

o Climate Change: The burning of fossil fuels is the largest contributor to greenhouse
gas emissions, which are a primary driver of climate change. This is leading to rising
global temperatures, extreme weather events, and melting polar ice caps.

e Air Pollution: Fossil fuel combustion releases harmful pollutants, including
particulate matter, nitrogen oxides, sulfur dioxide, and volatile organic compounds,
which contribute to smog, acid rain, and respiratory diseases.

o [Ecosystem Damage: Extracting fossil fuels through mining, drilling, and fracking can
result in severe environmental damage, including habitat destruction, water
contamination, and soil degradation.

As a result, there is a growing demand for cleaner, greener energy sources that can help
reduce the carbon footprint and mitigate environmental harm.

2. Depletion of Fossil Fuels

e Finite Resources: Fossil fuels are non-renewable resources, meaning that they are
finite and will eventually be depleted. While new reserves may be discovered, the
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overall trend indicates a decline in the availability of easily accessible and
economically viable fossil fuels.

e Rising Extraction Costs: As fossil fuel reserves become harder to access (e.g.,
deepwater oil, shale gas), extraction costs are rising. This makes fossil fuels
increasingly expensive, contributing to energy price volatility.

New sources of energy are necessary to provide alternatives to fossil fuels, especially as
their availability becomes more uncertain and the costs of extraction rise.

3. Enerqgy Security

e Reliance on Imports: Many countries, especially those that do not have large
domestic fossil fuel reserves, are heavily reliant on imported energy. This creates
geopolitical vulnerabilities and makes countries susceptible to price fluctuations and
supply disruptions.

« Diversification of Energy Supply: Developing new and renewable energy sources
reduces dependence on foreign energy supplies, providing energy security and
helping stabilize the energy market.

Alternative energy sources, such as wind, solar, and geothermal, can be produced

domestically, contributing to energy independence and reducing the risks associated with
energy supply disruptions.

4. Growing Global Energy Demand

o Population Growth: The global population is projected to reach nearly 9.8 billion by
2050, significantly increasing the demand for energy, especially in developing
countries.

e« [Economic Growth: As more countries industrialize and urbanize, energy
consumption will rise. Developing nations need affordable and sustainable energy
solutions to support their growing economies.

o Rural Electrification: In many parts of the world, especially in remote or rural areas,
access to electricity remains limited. There is a need for energy sources that can be
deployed in off-grid areas to support socioeconomic development.

New and scalable energy solutions are necessary to meet this expanding demand while
ensuring that energy access is equitable and sustainable.

5. Advances in Technology

e Improved Efficiency: As technological advancements continue, new energy sources
and conversion methods are becoming more efficient, affordable, and effective. For
example, the cost of solar and wind power has significantly decreased over the last
decade due to innovations in energy production and storage technologies.

o Energy Storage: One of the challenges with renewable energy sources like wind and
solar is their intermittency (i.e., they don’t generate power consistently). Advances in
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energy storage technologies, such as batteries, can help store excess energy for use
when renewable sources aren’t available.

Emerging technologies offer the opportunity to harness new sources of energy more
effectively, making them viable alternatives to fossil fuels.

6. Economic Opportunities

e Job Creation: The development and implementation of new energy sources, such as
wind, solar, and bioenergy, create a wide range of jobs in research, development,
manufacturing, and installation, as well as in the growing green economy.

e Economic Growth: Investments in clean energy technologies can stimulate local
economies, especially in regions that have abundant natural resources. This can help
boost industries like renewable energy manufacturing, construction, and
maintenance.

Renewable energy industries also offer potential for new business models, such as energy-

as-a-service, where companies provide energy solutions directly to consumers, further
diversifying economic opportunities.

7. Health Benefits

e Reduction in Air Pollution: Transitioning to cleaner energy sources like wind, solar,
and hydropower reduces emissions from burning fossil fuels, leading to better air
quality. This can reduce the incidence of respiratory diseases, cardiovascular
problems, and other health issues linked to air pollution.

e Less Noise and Water Pollution: Compared to fossil fuel power plants, many
renewable energy sources (like solar and wind) have minimal or no water and noise
pollution, leading to healthier communities and ecosystems.

A shift to clean energy could have significant positive health impacts, improving public
health and reducing the economic burden of healthcare costs related to pollution.

8. Global Climate Commitments

e International Agreements: Countries around the world have committed to reducing
greenhouse gas emissions under agreements like the Paris Agreement. Achieving
these targets will require a large-scale transition to renewable energy and more
sustainable energy systems.

o Corporate Responsibility: Many companies and organizations are setting carbon-
neutral goals and pledging to transition to 100% renewable energy. This is driven
by both regulatory pressure and growing consumer demand for environmentally
responsible products.

New energy sources are critical to meeting global climate goals and transitioning to a low-
carbon economy.
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Conclusion

The need for new sources of energy is driven by a combination of environmental, economic,
and technological factors. Climate change, energy security concerns, the depletion of
fossil fuels, and the growing global energy demand all point to the necessity of
transitioning to renewable, sustainable, and diversified energy sources. As renewable
technologies continue to improve, and as the world shifts towards more sustainable energy
systems, new energy sources like solar, wind, tidal, geothermal, and bioenergy will play an
increasingly important role in meeting the world's future energy needs.

By investing in new energy solutions, we can achieve a cleaner, more sustainable, and
economically vibrant energy future for all.

DIFFERENT TYPES OF ENERGY SOURCES
1. Renewable Enerqy Sources

Renewable energy sources are those that are naturally replenished on a human timescale.
They are sustainable and produce little or no environmental pollution compared to fossil
fuels.

a) Solar Enerqy

e Source: The Sun

o How It Works: Solar energy is harnessed through solar panels (photovoltaic cells) or
concentrated solar power systems that capture sunlight and convert it into electricity
or heat.

o Applications: Solar power can be used for electricity generation, heating water,
powering vehicles (solar cars), and in agricultural settings (greenhouses).

e Advantages: Abundant, renewable, low environmental impact.

e Challenges: Intermittent (depends on sunlight availability), high initial cost for
installation.

b) Wind Energy

e Source: Wind (movement of air in Earth's atmosphere)

e How It Works: Wind turbines convert the kinetic energy of moving air into
mechanical energy, which is then converted into electricity by a generator.

o Applications: Wind farms for electricity generation, pumping water, and in some
cases, to drive industrial processes.

e Advantages: Renewable, low operational costs, scalable.

e Challenges: Intermittent (depends on wind), potential impact on bird migration,
noise.

¢) Hydropower (Water Energy)

e Source: Flowing water (rivers, dams, tidal movements)

e How It Works: Water flow is used to turn turbines connected to generators. This can
be done via dams (conventional hydropower) or using tidal and wave movements
(tidal energy).
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o Applications: Large-scale electricity generation, water pumping, and storage.

o Advantages: Reliable, flexible, established technology.

e Challenges: Environmental impact on aquatic ecosystems, displacement of
communities (due to dam construction).

d) Geothermal Energy

e Source: Heat from Earth's core

e How It Works: Geothermal power plants use steam or hot water from underground
reservoirs to drive turbines that generate electricity.

o Applications: Electricity generation, direct heating for residential and industrial use,
and for cooling (through geothermal heat pumps).

e Advantages: Reliable, consistent, low emissions.

o Challenges: Geographically limited (requires specific geothermal hotspots), high
initial cost.

e) Biomass Energy

e Source: Organic materials (wood, agricultural waste, animal waste, etc.)

e How It Works: Biomass can be burned directly for heat or converted into biofuels
(such as ethanol or biodiesel) for electricity generation or transportation.

« Applications: Electricity generation, heating, biofuel production for transport.

e Advantages: Reduces waste, can be a carbon-neutral source of energy if managed
sustainably.

e Challenges: Can lead to deforestation, land-use changes, and emissions if not
managed sustainably.

f) Tidal Energy

e Source: Gravitational pull of the moon and the sun on Earth’s oceans

o How It Works: Tidal energy systems use the rise and fall of tides to drive turbines or
generate electricity via a tidal barrage or tidal stream generators.

o Applications: Electricity generation from tidal movements.

e Advantages: Predictable, renewable, and reliable.

e Challenges: High cost of installation, impact on marine ecosystems, limited to coastal
areas with strong tidal movements.

q) Wave Energy

e Source: Surface waves on oceans and seas

e« How It Works: Wave energy devices capture the movement of ocean waves and
convert the mechanical energy into electrical energy.

e Applications: Power generation, primarily in coastal areas with strong wave activity.

e Advantages: Renewable, abundant in coastal regions.

e Challenges: Technology is still developing, environmental concerns, limited to
coastal areas.

2. Non-Renewable Enerqy Sources

Non-renewable energy sources are finite resources that are being depleted over time and
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cannot be replenished on a human timescale. These include fossil fuels and nuclear energy.

a) Fossil Fuels

e Source: Organic materials that have decomposed over millions of years (coal, oil, and
natural gas).

i) Coal

e How It Works: Coal is burned to produce heat, which is then used to generate
electricity or power industrial processes.

o Applications: Electricity generation, steel production, cement manufacturing.

o Advantages: Relatively cheap and abundant.

e Challenges: High carbon emissions, air pollution, environmental degradation from
mining.

ii) Oil

e How It Works: Oil is refined into gasoline, diesel, and other products for use in
transportation, heating, and industrial applications.

o Applications: Transportation (gasoline, diesel), heating, petrochemical products.

e Advantages: High energy density, easy to transport and store.

o Challenges: Pollution, greenhouse gas emissions, oil spills, geopolitical conflicts over
resources.

iii) Natural Gas

« How It Works: Natural gas is burned for heating, electricity generation, and as a
feedstock in industrial processes. It can also be converted into liquid form (LNG) for
transport.

o Applications: Electricity generation, residential heating, industrial applications.

e Advantages: Cleaner than coal and oil, efficient, relatively abundant.

e Challenges: Greenhouse gas emissions (though lower than coal and oil), methane
leaks, extraction impacts (fracking).

b) Nuclear Energy

e Source: The energy released from nuclear reactions (fission of uranium or thorium
atoms).

e How It Works: Nuclear reactors use uranium or thorium to produce heat through
nuclear fission. This heat is used to generate steam, which drives turbines to produce
electricity.

o Applications: Large-scale electricity generation.

e Advantages: Low greenhouse gas emissions, high energy output.

e Challenges: Radioactive waste disposal, nuclear accidents (e.g., Chernobyl,
Fukushima), high costs of plant construction and decommissioning, security concerns.

3. Emerqging and Experimental Energy Sources
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These are still in the research, development, or experimental stages, but have the potential to
become more viable in the future.

a) Hydrogen Enerqy

e Source: Hydrogen gas

e How It Works: Hydrogen can be used in fuel cells to produce electricity by
combining it with oxygen (via electrochemical reactions). It can also be burned for
heat or converted into other fuels.

o Applications: Transportation (hydrogen-powered vehicles), power generation,
industrial use.

o Advantages: Clean energy (when produced with renewable sources), versatile, high
energy density.

e Challenges: Production cost, storage and transportation difficulties, reliance on
renewable sources for green hydrogen.

b) Fusion Enerqgy

e Source: Nuclear fusion (combining atomic nuclei to release energy)

e How It Works: In fusion reactors, two light atomic nuclei (such as hydrogen
isotopes) are fused together under extreme pressure and temperature, releasing large
amounts of energy.

o Applications: Potential future source for clean, almost limitless energy.

o Advantages: No greenhouse gas emissions, abundant fuel (hydrogen).

e Challenges: Currently not commercially viable (extremely high temperatures
required), technological challenges in sustaining the reaction.

Conclusion

Energy sources are diverse and can be classified based on their renewability, environmental
impact, and technological feasibility. As the world transitions towards cleaner energy
systems, renewable energy sources like solar, wind, hydropower, geothermal, and biomass
are gaining traction due to their sustainability and lower environmental impact. However,
fossil fuels still dominate the global energy mix, and their usage poses significant challenges
for climate change mitigation. Emerging technologies such as hydrogen and nuclear fusion
hold potential for the future, but they are still in development stages. The key to a sustainable
energy future lies in finding the right balance between renewable sources, energy efficiency,
and technological innovation.

Hydrogen energy has a wide range of applications, particularly in the context of clean energy
and sustainability. Here are some key areas where hydrogen energy is being used or has
potential applications:

1. Transportation

e Fuel Cell Electric Vehicles (FCEVs): Hydrogen fuel cells are used in vehicles like
cars, buses, trucks, and trains. Hydrogen is used in a fuel cell to generate electricity,
which powers an electric motor. This process produces only water vapor as a
byproduct, making it a clean energy solution for transportation.
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e Aerospace and Aviation: Hydrogen can be used as a fuel for aircraft, potentially
replacing traditional jet fuels. Hydrogen-powered planes could significantly reduce
the carbon footprint of air travel.

e Shipping: Hydrogen or ammonia can be used in ships for propulsion, reducing the
emissions from the maritime industry. This is important as shipping contributes
significantly to global carbon emissions.

2. Electricity Generation

o Power Plants: Hydrogen can be used in combined-cycle gas turbine power plants,
either by burning it directly or through fuel cells. It can provide backup power or be
used in large-scale power plants for grid balancing and energy storage.

o Distributed Energy Systems: Smaller-scale hydrogen fuel cells can be used for
residential, commercial, and industrial power generation. These systems are especially
useful for off-grid or remote locations.

3. Energy Storage

e Hydrogen as a Storage Medium: Hydrogen can store excess energy produced from
renewable sources like wind or solar when demand is low. The energy is stored in the
form of hydrogen gas and can be converted back into electricity when demand is high
or renewable energy production is low.

e Power-to-Gas (PtG): This process involves converting electricity (often from
renewable sources) into hydrogen via electrolysis, which can then be stored and used
later for electricity generation or heating.

4. Industrial Applications

e Chemical Production: Hydrogen is already widely used in the production of
ammonia for fertilizers, refining petroleum, and producing various chemicals. The
transition to “green” hydrogen (produced using renewable energy) could make these
processes more sustainable.

o Steel Production: Hydrogen can replace coal in the steel manufacturing process
(which traditionally uses carbon-based methods), reducing CO2 emissions in the
heavy industry sector.

5. Residential and Commercial Heating

e Hydrogen Boilers: Hydrogen can be used in boilers to produce heat for residential
and commercial buildings. This offers a cleaner alternative to natural gas heating,
with water vapor being the main emission.

e Hydrogen as a Blending Gas: In some regions, hydrogen is being mixed with
natural gas in existing pipelines to reduce the carbon footprint of natural gas usage.
This is known as "hydrogen blending."

6. Portable Power and Backup Systems

Portable Generators: Hydrogen fuel cells can be used in portable generators for
emergency backup power, offering a cleaner alternative to gasoline or diesel-powered
generators.
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Off-Grid Power Supply: In remote or isolated locations, hydrogen can be used as a
portable and reliable energy source for off-grid power generation, especially when
paired with renewable energy sources.

7. Space Exploration

Rocket Fuel: Hydrogen has been used as a propellant in space exploration for
decades. Liquid hydrogen, combined with liquid oxygen, is used in rocket engines
because it has a high energy density and produces a clean exhaust (water vapor).

8. Decarbonization of Heavy Industry

e High-Temperature Processes: Hydrogen can be used as a cleaner alternative to
fossil fuels in high-temperature industrial processes, such as cement production, glass
manufacturing, and aluminum production, which are typically hard to decarbonize
with electricity alone.

9. Hydrogen in the Circular Economy

e Waste-to-Hydrogen: Hydrogen can be produced from waste materials through
processes like gasification or pyrolysis. This contributes to waste management while
generating a renewable energy source.

e Carbon Capture and Utilization (CCU): Hydrogen can be used in combination with
carbon capture technologies to produce synthetic fuels or chemicals, helping to
recycle carbon emissions from industrial processes.

Conclusion

Hydrogen energy holds great promise for a cleaner, more sustainable future, particularly as a
way to decarbonize sectors that are difficult to electrify. The development of hydrogen
infrastructure, along with advances in production technologies (such as green hydrogen), will
be crucial to realizing its full potential in various applications, from transportation to heavy
industry.

1. Tidal Enerqgy

e« What it is: Tidal energy is generated from the rise and fall of ocean tides, driven
primarily by the gravitational pull of the moon and the sun on Earth's oceans.
o How it works: Tidal energy can be harnessed using various technologies:

o Tidal Barrages: Large dams built across tidal rivers or estuaries that allow
water to flow in and out with the tides. The movement of water drives turbines
that generate electricity.

o Tidal Stream Generators: These devices function like underwater wind
turbines, capturing the kinetic energy from the flowing water of tides to
generate electricity.

o Potential: Tidal energy is highly predictable, and its potential is especially high in
regions with large tidal ranges, such as the Bay of Fundy in Canada and the coasts of
the UK and France.

2. Wave Energy
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o What it is: Wave energy is produced by the movement of the surface of the ocean,
where waves are driven by wind.
o How it works: Wave energy can be captured using different types of technologies:

o Point Absorbers: Floating devices that move with the waves, capturing
energy from the up and down motion.

o Oscillating Water Columns (OWC): Structures that use the rise and fall of
the water level in a chamber to push air through a turbine to generate
electricity.

o Attenuators: Long, floating structures placed parallel to the waves, capturing
energy from wave motion.

o Potential: Wave energy has high energy density compared to wind or solar power,
particularly in regions with consistent and powerful waves, such as the coasts of
Portugal, Australia, and the Pacific Northwest of the United States.

3. Ocean Thermal Energy Conversion (OTEC)

e« What itis: OTEC harnesses the temperature difference between warm surface waters
and cold deep waters in the ocean to generate energy.

e How it works: OTEC systems use a heat engine (usually a turbine) to convert the
temperature differential into electricity. The warm surface water is used to vaporize a
working fluid, which then drives a turbine, while the cold deep-water acts as a
condenser to complete the cycle.

o Closed-Cycle Systems: Use a working fluid that vaporizes at a low
temperature.

o Open-Cycle Systems: Directly use seawater as the working fluid, turning it
into steam to drive a turbine.

o Potential: OTEC is most effective in tropical regions where the temperature
difference between warm surface waters and cold deep waters is greatest. This
method also has the potential to provide desalinated water as a byproduct.

4. Salinity Gradient Power (Blue Energy)

e« What it is: This energy comes from the difference in salt concentration between
seawater and freshwater, typically at the mouths of rivers where fresh water mixes
with seawater.

e« How it works: There are two main technologies for harvesting salinity gradient
energy:

o Pressure Retarded Osmosis (PRO): Freshwater and seawater are separated
by a semi-permeable membrane. The difference in salt concentration causes
water to flow through the membrane, and this pressure can be used to generate
power.

o Reverse Electrodialysis (RED): Similar to PRO, but uses stacks of ion-
exchange membranes to generate an electrical current from the salinity
gradient.

o Potential: Salinity gradient power has great potential in areas where rivers meet the
ocean, such as the coasts of Scandinavia, the Netherlands, and parts of South
America.

5. Offshore Wind Energy
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e What it is: Offshore wind energy involves the use of wind turbines placed in bodies
of water, typically in the ocean, to harness wind energy.

e How it works: Similar to land-based wind turbines, but offshore wind turbines are
placed in areas with stronger and more consistent winds. These turbines are often
mounted on floating platforms in deeper waters where traditional fixed-bottom
turbines cannot be used.

o Potential: Offshore wind energy has massive potential, particularly in areas with
strong coastal winds like the North Sea, the coasts of China, and the U.S. East Coast.
Offshore wind has fewer space constraints than land-based turbines and can produce
significantly more energy.

6. Ocean Currents Energy

e What it is: Ocean currents, caused by factors such as the Earth's rotation, wind, and
salinity differences, can also be harnessed for energy production.

e How it works: Similar to tidal stream generators, ocean current energy uses
underwater turbines or other devices to capture the kinetic energy from the movement
of ocean currents. These devices can be installed in areas with strong and consistent
currents, such as the Gulf Stream.

o Potential: Ocean current energy is highly predictable and reliable, as currents are
continuous and not subject to variations in weather or sunlight. Key locations include
the Florida Straits and the Agulhas Current off the southern coast of Africa.

7. Coastal Energy from Biomass

e What it is: Coastal areas can also support the generation of bioenergy from organic
materials such as seaweed and algae.

e How it works: Seaweed, algae, and other marine biomass can be harvested and
converted into biofuels (like biodiesel, methane, or ethanol) through processes like
anaerobic digestion, fermentation, or direct combustion. Algae are particularly
attractive for biofuels because they grow quickly and have a high oil content.

o Potential: This form of ocean energy is still in the early stages but holds promise for
sustainable biofuel production, especially in coastal areas that can support the
cultivation of marine biomass.

Conclusion

Ocean energy resources represent a significant and diverse range of renewable energy options
that can contribute to reducing reliance on fossil fuels and mitigating climate change. Tidal,
wave, and ocean thermal energy, in particular, are among the most promising for providing
reliable and consistent power. However, challenges like cost, technological development, and
environmental impacts need to be addressed to fully realize the potential of these resources.
Despite these challenges, ocean energy remains a crucial area for innovation and research in
the transition to sustainable energy systems.

EXPLAIN THE POWER PLANT OF GEO THERMAL ENERGY

A geothermal power plant harnesses the Earth's natural heat from within the Earth’s crust to
generate electricity. This heat originates from the radioactive decay of elements deep within
the Earth, as well as from the residual heat left over from the planet's formation. Geothermal
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energy is renewable and sustainable because the Earth's heat is virtually inexhaustible over
human timescales.

Types of Geothermal Power Plants

There are several types of geothermal power plants, each based on the method used to
convert geothermal energy into electricity. The three main types are:

1. Dry Steam Plants

2. Flash Steam Plants

3. Binary Cycle Power Plants
Let's break down how these plants work:

1. Dry Steam Power Plant

e How It Works:

o Heat Source: Dry steam plants use steam directly from geothermal
reservoirs to drive a turbine. This steam is often found in geothermal fields
where the geothermal reservoir produces steam with little or no water content.

o Process: The steam from the underground geothermal reservoir is piped to the
surface, where it flows directly into a turbine. As the steam passes through
the turbine, it causes the turbine blades to spin, which in turn drives a
generator that produces electricity.

o Exhaust Steam: After passing through the turbine, the steam is cooled down
in a condenser and condensed back into water, which is then pumped back
into the ground to be reheated by the geothermal source, creating a sustainable
cycle.

o Example: The Geysers in California, USA, is the largest dry steam geothermal power
plant in the world.
e Advantages:
o High efficiency since it directly uses steam.
o Relatively simple design.
e Challenges:

o Requires specific conditions (dry steam reservoirs) that are less common than

wet steam or hot water reservoirs.

2. Flash Steam Power Plant

How It Works:

o Heat Source: Flash steam plants are used in geothermal fields where water is
found in liquid form at high temperatures, usually above 182°C (360°F).

o Process: The water from the geothermal reservoir is brought to the surface at
high pressure. When the pressure is reduced (flashed), part of the hot water
rapidly turns into steam (flashing). This steam is then used to drive a turbine,
and like in dry steam plants, it generates electricity.

o Exhaust Steam: After passing through the turbine, the steam is cooled in a
condenser and returned as water to the reservoir.

e Example: The Cerro Prieto geothermal power station in Mexico is one of the largest
flash steam geothermal plants in the world.
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e Advantages:
o Can utilize moderate-to-high temperature geothermal reservoirs.
o Well-suited for many geothermal locations worldwide.
o Challenges:
o Requires high-pressure hot water sources (not available everywhere).

3. Binary Cycle Power Plant

e How It Works:

o Heat Source: Binary cycle plants are used for lower temperature
geothermal resources (typically between 107°C and 182°C, or 225°F and
360°F), which may not be hot enough to generate steam directly.

o Process: In a binary cycle power plant, the geothermal fluid (hot water or
steam) is passed through a heat exchanger where it heats a secondary fluid
with a lower boiling point than water (usually an organic fluid like isobutane
or pentane). This secondary fluid vaporizes and drives a turbine connected to a
generator to produce electricity.

o Closed-Loop System: The geothermal fluid is never released into the
atmosphere. After transferring heat to the secondary fluid, it is cooled down
and pumped back into the ground, ensuring that the system is closed-loop and
environmentally sustainable.

o Example: The Nesjavellir Geothermal Power Station in Iceland uses a binary cycle
system to generate power from lower temperature geothermal resources.
e Advantages:
o Can be used with lower-temperature geothermal resources.
o Environmentally friendly due to the closed-loop system.
e Challenges:

o Slightly lower efficiency than dry steam or flash steam plants because the
secondary fluid has a lower heat capacity and must operate at a lower
temperature.

Components of a Geothermal Power Plant

Regardless of the type of geothermal plant, the essential components of the system typically
include:

1. Geothermal Wells: Deep wells are drilled into the Earth to tap into geothermal
reservoirs of hot water or steam. The geothermal fluid is extracted through these
wells.

2. Production and Injection Wells:

o Production wells bring hot geothermal fluid (steam or water) to the surface.
o Injection wells return the cooled fluid back into the geothermal reservoir to
maintain pressure and sustainability.

3. Heat Exchangers (in Binary Cycle Plants): Heat exchangers transfer heat from the
geothermal fluid to a secondary fluid that will vaporize and drive the turbine.

4. Turbine: The turbine is powered by the steam or vaporized secondary fluid,
converting the energy from heat into mechanical energy, which drives the generator.

5. Generator: The generator converts mechanical energy from the turbine into electrical
energy.
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6. Cooling System: After passing through the turbine, the steam or vapor is cooled in a
condenser, often using air or water, and returned to the geothermal reservoir or
disposed of in a sustainable manner.

7. Control Systems: These manage the operation of the geothermal power plant,
ensuring the efficient and safe conversion of geothermal energy into electricity.

Advantages of Geothermal Power Plants

e Renewable: Geothermal energy is virtually inexhaustible, as the Earth's heat is
constant.

e Environmentally Friendly: Geothermal plants emit very low levels of greenhouse
gases compared to fossil fuel-based power plants.

o Reliable: Unlike solar or wind power, geothermal energy is available 24/7, providing
consistent baseload power.

o Small Land Footprint: Geothermal plants typically require less land area than solar
or wind farms, making them suitable for areas with limited space.

Challenges

e Location-Specific: Geothermal energy is location-dependent, requiring areas with
suitable geothermal reservoirs, often near tectonic plate boundaries.

e High Initial Costs: Drilling wells and building power plants can be expensive,
though operational costs are relatively low once established.

o Resource Depletion: If not properly managed, geothermal reservoirs can become
depleted. However, this can be mitigated by injecting water back into the reservoir (a
process called re-injection).

Conclusion

Geothermal power plants are a promising and sustainable energy source that can contribute
significantly to the world’s clean energy supply. They offer a reliable, renewable source of
electricity with minimal environmental impact, though their deployment is primarily limited
to areas with access to geothermal resources. As technology advances, the potential for
geothermal energy to play a more significant role in global energy production continues to
grow.

TIDAL ENERGYCONVERSION

Tidal Energy Conversion refers to the process of harnessing the energy from ocean tides to
generate electricity. This form of energy is a type of hydropower, where the movement of
ocean tides (driven by the gravitational pull of the moon and the sun) is converted into usable
energy. Tidal energy is considered a renewable, predictable, and environmentally friendly
source of power. The conversion of tidal energy into electricity can be achieved using
different technologies.

Key Concepts Behind Tidal Energy

Tidal energy is generated by the rise and fall of sea levels, which occurs due to the
gravitational forces of the moon and sun. This regular movement creates two main tidal
phenomena:
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1. High Tides: When the water level rises.
2. Low Tides: When the water level falls.

The energy that can be harnessed from tides comes from the movement (kinetic energy) and
the potential difference in water levels (potential energy) between high and low tides.

Tidal Energy Conversion Technologies

There are two primary methods of converting tidal energy into usable electricity:

1. Tidal Stream Systems (Kinetic Energy)
2. Tidal Range Systems (Potential Energy)

1. Tidal Stream Enerqgy (Kinetic Energy)

e How It Works: Tidal stream systems use the kinetic energy of moving water
(caused by tidal currents) to generate electricity, much like underwater wind turbines.
As water flows with the tide, it spins turbines that generate power.

o Components:

o Underwater Turbines: These are installed at the seabed in areas where tidal
currents are strong. The moving water causes the turbines to rotate, generating
electricity.

o Transmission Systems: The generated electricity is transmitted to the grid
through cables laid on the seabed or along the coast.

o Example: The Seagen tidal stream project in Northern Ireland is one of the world’s
first commercial tidal stream energy plants. It uses large underwater turbines to
capture tidal energy.

e Advantages:

o Predictable Energy: Tidal streams are highly predictable, as tides occur at
regular intervals and with a known magnitude.

o Minimal Environmental Impact: Tidal stream systems have minimal
environmental impact compared to other energy sources, as they do not
involve large-scale dams or water reservoirs.

e Challenges:

o Cost: The installation of turbines and infrastructure underwater is expensive.

o Marine Life Impact: There may be concerns about the impact on marine life,
although this can be minimized with careful design.

o Location-Specific: These systems need locations with strong tidal currents,
such as narrow channels or estuaries.

2. Tidal Range Energy (Potential Energy)

o How It Works: Tidal range energy uses the difference in water levels between high
and low tides (the "tidal range™) to generate electricity. This process is similar to
traditional hydropower, where water is stored at high levels and released through
turbines to generate power.

The key method for generating tidal range energy is through a tidal barrage, which is
a dam built across the entrance to an estuary or tidal basin. The barrage controls the
flow of water, capturing the potential energy from the rising and falling tides.
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Components:

o Tidal Barrage: A dam-like structure built across a tidal basin, with sluice
gates that control the flow of water.

o Turbines: As the tide rises and falls, water is allowed to flow through turbines
in the barrage, generating electricity.

o Sluice Gates & Lock System: These gates control water flow and help
manage the difference in water levels (tidal range).

e Process:

o During high tide, the water level behind the barrage rises.

o As the tide falls, the water level behind the barrage is released through
turbines, converting potential energy into kinetic energy, which drives the
turbines to generate electricity.

o Alternatively, some systems allow water to flow through the turbines when the
tide comes in and when it goes out, generating power on both the rising and
falling tides.

e« Example: The La Rance Tidal Power Station in France is the world’s first and
largest tidal barrage. It has been in operation since 1966 and has a capacity of around
240 MW.

e Advantages:

o Reliable & Predictable: Tidal range energy is very predictable because tides
follow a regular schedule.

o High Energy Potential: Tidal barrage plants can produce significant amounts
of electricity, especially in areas with a large tidal range.

o Multiple Power Generation: A barrage can generate electricity on both the
incoming and outgoing tides, making it more efficient.

e Challenges:

o Environmental Impact: Tidal barrages can have significant environmental
effects on local ecosystems, such as altering estuary habitats, disrupting
marine life, and affecting water quality.

o High Capital Cost: The construction of a barrage is capital-intensive,
requiring large-scale infrastructure.

o Space & Location-Specific: Tidal range energy is dependent on having an
estuary or bay with a significant tidal range, which limits its applicability to
certain regions.

Hybrid Systems (Combination of Tidal Stream and Tidal Range)

Some projects combine elements of both tidal stream and tidal range technologies to
maximize efficiency and power generation. These systems can capture both kinetic and
potential energy, providing more consistent power output.

Advantages of Tidal Energy

1. Renewable & Sustainable: Tidal energy is a renewable resource, as tides are driven
by the gravitational pull of the moon and sun, which will continue indefinitely.

2. Predictable and Reliable: Tidal cycles are highly predictable, allowing for consistent
power generation compared to other renewable sources like wind and solar.

3. Low Greenhouse Gas Emissions: Once built, tidal energy systems produce little or
no direct emissions, contributing to a cleaner environment.
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4. Long-Term Potential: Tidal energy has great potential to provide reliable, long-term
energy production in areas with significant tidal activity.

Challenges of Tidal Energy

1. High Initial Costs: Both tidal stream and tidal range technologies require significant
upfront investment for infrastructure, including turbines, barrages, and transmission
systems.

2. Location-Dependent: Tidal energy can only be harnessed in areas with suitable tidal
currents or large tidal ranges, such as coastal regions with narrow bays, estuaries, or
straits.

3. Environmental Concerns: Tidal range energy (barrages) may cause significant
environmental disruption to marine and estuarine ecosystems, including fish
migration patterns and changes to local habitats.

4. Maintenance and Durability: Underwater turbines and systems are subject to harsh
ocean conditions and may require regular maintenance or replacement.

Conclusion

Tidal energy is a promising renewable energy source that can provide reliable, clean power.
Tidal stream and tidal range technologies each have their advantages and challenges, but
both offer significant potential to help meet global energy demands. As technology advances
and environmental impacts are better understood and mitigated, tidal energy could play an
increasingly important role in the world’s energy mix, particularly in coastal regions with
strong tidal movements.
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