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b TAR SANDS: • Tar sand or oil sands is an expression used to describe porous sandstone deposits
impregnated with heavy viscous oils calledbitumen or simply deposits of heavy oils. • The above
schematic diagram indicating the processes involved in producing synthetic crude oil from tar
sands made up of sand stone deposits containing bitumen. • The sands obtained from surface
mining are first passed througha conditioning drum where water, steam & caustic soda are added
& slurry is formed. The slurry passes into a separation tank where the coarse sand settles at the
bottom & a froth of bitumen, water &fine mineral matter forms on the top
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c here is a growing need for alternative energy sources for several reasons:
1. Environmental Concerns: Traditional energy sources like fossil fuels (coal, oil, and natural

gas) release greenhouse gases into the atmosphere when burned, leading to global



warming and climate change. Alternative energy sources, such as renewables, have a
significantly lower carbon footprint and can help mitigate these environmental concerns.

2. Resource Depletion: Fossil fuels are finite resources, and their extraction can be
environmentally damaging. As these resources become scarcer, the cost of extraction and
the potential for supply disruptions increase. Alternative energy sources like solar, wind,
and geothermal power are renewable and do not deplete natural resources.

3. Energy Security:Many countries rely on imported fossil fuels, which can lead to energy
security concerns. Shifting to domestic sources of alternative energy can reduce
dependence on foreign energy supplies and enhance national security.

4. Economic Benefits: The renewable energy sector has been a source of job creation and
economic growth in many regions. As technology advances and economies of scale are
realized, renewable energy sources can become more cost-competitive with fossil fuels.

5. Energy Access: Alternative energy sources can be harnessed in remote or off-grid areas
where it is impractical or expensive to extend traditional power infrastructure. This can
improve energy access and promote economic development in underserved regions.

6. Reduced Air Pollution: Fossil fuel combustion contributes to air pollution, which has
adverse health effects. Alternative energy sources produce little to no air pollution,
improving air quality and public health.

7. Technological Advancements: Advances in alternative energy technologies have made
themmore efficient and cost-effective. Solar panels, wind turbines, and battery storage
systems have seen significant improvements in recent years.

8. Energy Independence: Utilizing alternative energy sources can reduce a nation's
dependence on energy imports, providing more control over its energy supply and
reducing vulnerability to international energy market fluctuations.

9. Mitigating Natural Disasters: Traditional power grids are susceptible to damage during
natural disasters. Decentralized alternative energy systems, like microgrids and rooftop
solar, can provide resilience and power continuity during emergencies.

10. Long-Term Sustainability: Alternative energy sources, such as solar, wind, and
hydroelectric power, are sustainable over the long term and can provide energy for future
generations without depleting finite resources.

In light of these reasons, many governments, businesses, and individuals are increasingly investing
in and adopting alternative energy sources to address environmental, economic, and energy
security challenges. This transition is a critical step in building a more sustainable and resilient
energy future.

3a Definitions: (a) Solar altitude angle(α): Altitude Angle is the angle between the Sun‘s rays and
projection of the Sun’s rays on the horizontal plane (b) Zenith angle(θz): It is Complementary angle
of Sun‘s Altitude angle It is a vertical angle between Sun‘s rays and line perpendicular to the
horizontal plane through the point i.e. angle between the beam and the vertical Θz=π/2-α (c) Solar
Azimuth Angle(γs): It is the solar angle in degrees along the horizon east or west ofnorth or It is the
horizontal angle measured from north to the horizontalprojection of sun‘s rays.
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7a MAJOR PROBLEMS ASSOCIATEDWITH WIND POWERWind energy can have adverse
environmental impacts, including the potential to reduce, fragment, or degrade habitat for
wildlife, fish, and plants. • Wind power must still compete with conventional generation sources
on a cost basis i.e. wind projects must be able to compete economically with the lowest-cost
source of electricity, and some locations may not be windy enough to be cost competitive. NON-
CONVENTIONAL ENERGY SOURCES (18ME651) Department of ME CMRIT Page 62 • Good land-
based wind sites are often located in remote locations, far from cities where the electricity is



needed. Transmission lines must be built to bring the electricity from the wind farm to the city. •
Wind resource development might not be the most profitable use of the land. Land suitable for
windturbine installation must compete with alternative uses for the land, which might be more
highly valued than electricity generation. • Turbines might cause noise and aesthetic pollution. •
Wind plants can impact local wildlife. Birds have been killed by flying into spinning turbine blades.

b A three-bladed wind rotor with blade length of 52 m is operating in a wind stream having wind
velocity of 12 m/s. Air density is 1.23 kg/m3 and power coefficient may be taken as 0.4. Calculate
the extractable power from the wind. Solution: Given data are as follows: Blade length, L = 52 m;
wind speed, v = 12 m/s; air density, ρ = 1.23 kg/m3; power coefficient, Cp = 0.4. Thus, A = swept
area = Πr2 = Π (52)2 = 8495 m2 P Available = Cp (1/2ρAv3 ) = 0.4 × ½ × 1.23 × 8495 × (12)3 = 3.6
MW
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9a What are the Disadvantages of Geothermal Energy? 1. Location Restricted The largest single
disadvantage of geothermal energy is that it is location specific. Geothermal plants need to be
built in places where the energy is accessible, which means that some areas are not able to exploit
this resource. Of course, this is not a problem if you live in a place where geothermal energy is
readily accessible, such as Iceland.. Environmental Side Effects Although geothermal energy does
not typically release greenhouse gases, there are many of these gases stored under the Earth’s
surface which are released into the atmosphere during digging. While these gases are also
released into the atmosphere naturally, the rate increases near geothermal plants. However,
these gas emissions are still far lower than those associated with fossil fuels. 3. Earthquakes
Geothermal energy also runs the risk of triggering earthquakes. This is due to alterations in the
Earth’s structure as a result of digging. This problem is more prevalent with enhanced geothermal
power plants, which force water into the Earth’s crust to open up fissures to greater exploitation
of the resource. However, since most geothermal plants are away from population centres, the
implications of these earthquakes are relatively minor. 4. High Costs Geothermal energy is an
expensive resource to tap into, with price tags ranging from around $2-$7 million for a plant with a
1 megawatt capacity. However, where the upfront costs are high, the outlay can be recouped as
part of a long-term investment. 5. Sustainability In order to maintain the sustainability of
geothermal energy fluid needs to be pumped back into the underground reservoirs faster than it is
depleted. This means that geothermal energy needs to be properly managed to maintain its
sustainability. It is important for industry to assess the geothermal energy pros and cons in order
to take account of the advantages while militating against any potential problems.

b Factors affecting Biogas generation: 1) PH value 2) Temperature 3) Total solid content 4) Load
rating 5) Seeding 6) Uniform feeding 7) Dia to depth ratio 8) Carbon to nitrogen ratio 9) Nutrient
10) Mixing 11) Retention time 12) Type of feedstock Page 93 13) Toxicity 14) Pressure
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b Hydrogen is a versatile and clean energy carrier that has the potential to play a significant role in a
sustainable energy future. However, ensuring the safe utilization of hydrogen energy is of
paramount importance, as hydrogen is highly flammable and presents certain challenges. Here are
some key considerations for the safe utilization of hydrogen energy:

1. Hydrogen Production Safety:
 Hydrogen production methods should be chosen with safety in mind. Common

methods include electrolysis of water, natural gas reforming, and biomass
gasification. Each method has its own safety considerations.

2. Storage Safety:
 Hydrogen must be stored in a safe manner to prevent leaks and explosions. High-

pressure gas storage tanks and cryogenic storage systems are commonly used.
Adequate safety measures must be in place to prevent over-pressurization or
leaks from storage systems.

3. Transport Safety:
 Hydrogen transportation can involve pipelines, trucks, or ships. Proper safety

measures are essential to prevent accidents during transportation. Leak detection
systems and safety valves are critical components of hydrogen transportation
infrastructure.

4. Distribution Safety:
 When distributing hydrogen to end-users, safety measures are essential.

Hydrogen pipelines must be designed and maintained to prevent leaks. Safety
regulations and protocols must be followed during distribution.

5. Hydrogen Fueling Stations:
 Hydrogen fueling stations for fuel cell vehicles need to adhere to strict safety

standards. These stations should be equipped with safety systems, including
sensors for leak detection and emergency shut-off mechanisms.

6. Leak Detection and Ventilation:
 Hydrogen is odorless and colorless, making leaks difficult to detect without

specialized equipment. Leak detection systems should be installed in areas where
hydrogen is used or stored. Adequate ventilation systems can help disperse
hydrogen in case of leaks.

7. Hydrogen Compatibility:
 Hydrogen can embrittle certain metals and materials. Ensure that equipment and

materials used in hydrogen-related applications are compatible with hydrogen
and meet safety standards.

8. Training and Education:
 Proper training and education are essential for those working with or around

hydrogen. Individuals should be aware of the properties and risks associated with
hydrogen and how to respond in case of emergencies.

9. Regulations and Standards:
 Adherence to safety regulations and standards, such as those developed by

organizations like the International Code Council (ICC) and the National Fire
Protection Association (NFPA), is crucial for safe hydrogen utilization.

10. Emergency Response Plans:
 Have well-defined emergency response plans in place in case of hydrogen-related

incidents. First responders should be trained in handling hydrogen emergencies.
11. Public Awareness:

 Public awareness campaigns can help educate people about the safe use of



hydrogen, especially as it becomes more widely used in transportation and energy
systems.

Safety is a critical aspect of harnessing the benefits of hydrogen as a clean energy source. By
implementing strict safety measures and adhering to established standards and guidelines, the
risks associated with hydrogen can be effectively managed to enable its safe utilization in various
applications.

c Hydrogen energy can be stored using various methods, each with its advantages and
disadvantages. The choice of storage method depends on factors like the intended use, efficiency,
safety, and cost considerations. Here are some common methods of storing hydrogen energy:

1. Compressed Hydrogen Gas (CH2):
 Description: In this method, hydrogen is compressed at high pressures (typically

350-700 bar or 5,000-10,000 psi) and stored in high-strength tanks made of
materials like carbon fiber-reinforced composites or metal alloys.

 Advantages: Simple technology, well-established, and suitable for gaseous
hydrogen storage. It can be used for various applications, including fuel cell
vehicles.

 Challenges: Requires high-pressure tanks, which can be heavy and expensive.
Energy can be lost during compression and decompression.

2. Liquid Hydrogen (LH2):
 Description: Hydrogen is cooled to extremely low temperatures (around -253°C or

-423°F) to become a cryogenic liquid and stored in well-insulated tanks.
 Advantages: High energy density, especially for large-scale applications. Well-

suited for long-term storage and transportation.
 Challenges: Requires energy for liquefaction and insulation. Boil-off losses can

occur over time. Cryogenic tanks can be heavy and costly.
3. Hydrogen Chemical Storage:

 Description: Hydrogen can be chemically bound to a carrier material, such as
metal hydrides (e.g., magnesium hydride) or chemical compounds (e.g.,
ammonia), and released when needed through chemical reactions.

 Advantages: Can offer safe and compact storage options, suitable for stationary
applications and hydrogen refueling stations.

 Challenges:May have lower energy density compared to other methods.
Efficiency can vary based on the specific chemical reactions involved.
Regeneration of the carrier material may require high temperatures.

4. Hydrogen Underground Storage:
 Description: Hydrogen can be stored in natural geological formations, similar to

natural gas storage. It is injected into underground salt caverns, depleted gas
reservoirs, or aquifers.

 Advantages: Large storage capacity, suitable for seasonal or long-term energy
storage. Minimal energy loss during storage.

 Challenges: Requires appropriate geological formations. Initial infrastructure
investment can be substantial.

5. Metal Hydride Storage:
 Description: Hydrogen is absorbed by certain metals, forming metal hydrides. The

hydrogen is released when the metal hydride is heated.
 Advantages: Safe and compact storage, particularly for small-scale applications.

Can operate at lower pressures.



 Challenges: Typically lower hydrogen storage capacity compared to compressed
gas or liquid storage. The release process requires energy input.

6. Carbon Nanotube and Nanostructured Materials:
 Description: Carbon nanotubes and other nanostructured materials can adsorb

hydrogen molecules on their surfaces. This is a developing area of research for
hydrogen storage.

 Advantages: High surface area and potential for efficient hydrogen storage.
 Challenges: Research is ongoing, and commercial viability is still being explored.

7. Pumped Hydrogen Storage:
 Description: This method involves using surplus electricity to electrolyze water,

producing hydrogen, which is then stored in tanks. When electricity is needed, the
stored hydrogen is converted back to electricity using fuel cells.

 Advantages: Enables energy storage and grid balancing. Can store large amounts
of energy.

 Challenges: Efficiency losses during the energy conversion processes.
Infrastructure and equipment costs.

The choice of hydrogen storage method depends on the specific application, whether it's for
transportation, grid energy storage, or industrial processes. Additionally, ongoing research and
development are exploring innovative methods to improve the efficiency, safety, and practicality
of hydrogen storage technologies.
Regenerate
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