Other Forms of Energy: Nuclear, Ocean, and
Geothermal

1. Nuclear Energy

Origin and Types

Origin: Nuclear energy is derived from the nucleus of atoms, through two primary
processes:

o Nuclear Fission: Splitting large atoms (e.g., uranium-235, plutonium-239) into smaller
ones, releasing energy. This process is currently in use for most applications.

o Nuclear Fusion: Fusing light atoms (e.g., hydrogen isotopes) into heavier ones,
releasing energy. This process powers the sun and is still experimental for human
applications.

Other Types:

o Radioactive Decay: Used in specialized applications such as radioisotope
thermoelectric generators for space probes[ll[21 3],

Working Principle

Nuclear Fission: Neutrons strike the nucleus of heavy atoms, causing them to split and
release energy in the form of heat, additional neutrons, and radiation. Controlled chain
reactions in nuclear reactors use this heat to generate steam, which drives turbines and
produces electricityﬂ1 sl

Fusion (R&D stage): Involves combining two light nuclei under high temperature/pressure to
form a single, heavier nucleus, releasing vast amounts of energywm{él.

Reactor Principle: Control rods regulate the rate of reaction. Coolants (water, gas, or liquid
metal) carry heat to steam generators or turbines. Heavy shielding protects people and
environment .

Applications

Power Generation: Civilian nuclear power plants supply about 9% of global electricity,
providing reliable, large-scale, low-carbon energy (2.

Medical: Radioisotopes for cancer therapy, imaging, and sterilization[8l,
Industry: Radiography, food irradiation, materials testing.

Space: Radioisotope generators power long-duration spacecraft{2l.



2. Ocean Energy

Origin and Types

e Origin: Ocean energy exploits the vast movement and temperature differences in the
world's oceans, covering 71% of Earth's surface.

e Types:

o Tidal Energy: Generated from the regular rise/fall of ocean tides due to gravitational
pull of moon and sun2l,

o Wave Energy: Harnesses kinetic energy from surface wave motion[2l,

o Ocean Thermal Energy Conversion (OTEC): Uses temperature differences between
warm surface and cold deep waters[10] [11 [12]

o Ocean Currents: Energy from moving underwater currents.

o Salinity Gradient and Osmotic Power: Utilizes differences in salt concentration
between river and sea water.
Working Principles

Type Working Principle

Tidal Water flows through turbines in a barrage (dam) or through underwater tidal stream
ida

generators
o Oscillating water columns or floating devices move mechanical components to generate
ave -
electricity
Ocean Thermal Uses a heat engine cycle: warm surface water vaporizes a working fluid; vapor turns
(OTEC) turbines; deep cold water condenses the vapor for reuse 1 [11 [12]
Current Underwater turbines extract energy directly from steady ocean currents
Salinity Gradient Pressure-retarded osmosis or reverse electrodialysis creates electricity from ion movement
Applications

¢ Electricity Generation: Both grid-scale (tidal, OTEC, offshore wave projects) and off-grid or
local systems.

¢ Desalination and Water Production: OTEC and open-cycle methods provide fresh water as
a byproduct 10l M

¢ Cooling and Industrial Use: OTEC deep-sea water is used for air conditioning and
aquaculture 191

¢ Renewable Base Load: Ocean thermal and tidal systems offer continuous power, unlike
intermittent sources 101 (11 [12]



3. Geothermal Energy

Origin and Types

¢ Origin: Geothermal energy comes from the Earth's internal heat, produced by natural
radioactive decay of elements (uranium, thorium, potassium), and residual heat from
planetary formation 1131 [141 [15]

¢ Natural Manifestations: Hot springs, geysers, volcanoes.
o Types:

o Shallow Geothermal: Ground source heat pumps utilizing near-surface temperature for
heating/cooling.

o Direct Use: Using geothermal fluids directly for heating, bathing, or
agricultural/industrial purposes.

o Geothermal Power Plants: Extracting heat from deep reservoirs for electricity
production161 (131 [15]

Working Principles

Type Working Principle
. Hot water from underground reservoirs piped directly for heating buildings,
Direct Use . . 116]
greenhouses, or industrial use*2!
Geothermal Heat Transfers heat to/from shallow ground via a series of pipes and heat exchangers for
Pumps space heating/cooling L6
Dry Steam Plant Draws steam from deep underground to spin turbines and generate electricity [131 1161 [15]

High-pressure hot water brought to surface, pressure drop causes rapid flashing to

Flash Steam Plant . .
steam to drive turbines

Uses moderate-temperature water to vaporize a secondary fluid with low boiling point,

Binary Cycle Plant
yLy which drives turbine 131 [14] [15]

Applications

o Electricity Generation: Used in volcanic regions or areas with sufficient geothermal
reservoir temperatures (e.g., Indonesia, Kenya, usa) el

District Heating: Direct heating networks, especially in colder climates (e.g., Iceland).

Industrial Drying, Food Processing: Dehydration of food, mining, milk pasteurizing[@.

Space Heating/Cooling: Efficient heat pumps for residential/commercial buildings.

Greenhouse, Fish Farming: Uses low-grade geothermal heat.



Summary Table: Other Energy Forms at a Glance

Form Origin Main Types & Principles Key Applications

Nuclear Atomic nucleus Fission reactors, R&D in fusion, Power, medical, industry,
(fission/fusion) radioisotope generators spacecraft

Ocean Sun/gravity-driven Tidal, wave, OTEC, currents, salinity Power, desalination,
water motion gradient cooling
Earth's internal heat Dry steam, flash steam, binary cycle, Power, district heating,

Geothermal . . . i .
(radioactive) direct use, heat pumps industry, cooling

These energy sources expand the options for clean, reliable, and sustainable power generation,
each with unique working principles and application advantages 4l [1l [10] [13] [16]
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