Module 1: Introduction to Energy Science

These notes cover the complete Module 1 syllabus of Energy Science including energy
systems, fossil fuels, renewable energy sources, sustainability, environmental impacts, and
energy storage technologies.

1. Introduction to Energy Systems and Resources

Energy is the capacity to perform work. Modern society depends heavily on different energy
systems for transportation, industries, communication, agriculture, and domestic purposes.

Energy resources are broadly classified into:
* Conventional Energy Resources
* Non-Conventional Energy Resources

Conventional resources include coal, petroleum, natural gas, and hydropower. Non-
conventional resources include solar, wind, biomass, tidal, geothermal, and hydrogen
energy.

2. Introduction to Energy, Sustainability and Environment

Sustainable energy refers to energy systems that meet present needs without
compromising future generations.

Main objectives of sustainability:

« Efficient utilization of energy

¢ Reduction of pollution

 Conservation of natural resources

» Development of renewable energy sources

Environmental concerns related to energy production include:
¢ Global warming

¢ Air pollution

¢ Acid rain

« Deforestation

e Water contamination

3. Overview of Energy Systems

An energy system consists of production, conversion, transmission, storage, and utilization
of energy.

Components of energy systems:
¢ Energy Source

¢ Energy Conversion Unit

¢ Transmission Network



e Storage System
« Utilization Devices

Energy transformations involve conversion from one form to another such as:
Chemical - Thermal = Mechanical — Electrical

Efficiency of an energy system is defined as:
Efficiency = Useful Output Energy / Input Energy x 100

4, Fossil Fuels

Fossil fuels are formed from the remains of plants and animals over millions of years.

Types of fossil fuels:

e Coal

e Petroleum (0Oil)

 Natural Gas

¢ Oil-bearing shale and sands

Advantages:

» High energy density

¢ Easy transportation

* Well-developed technology

Disadvantages:

* Non-renewable

¢ Air pollution

¢ Greenhouse gas emissions
¢ Environmental degradation

5. Coal Gasification

Coal gasification is the process of converting coal into combustible gases such as carbon
monoxide, hydrogen, and methane.

Applications:

¢ Power generation

¢ Chemical production

o Synthetic fuel production

Advantages:
« Better efficiency
* Reduced pollution compared to direct burning



6. Remedies and Alternatives for Fossil Fuels

Alternative energy resources help reduce dependence on fossil fuels.

Biomass Energy:
Energy obtained from organic matter such as agricultural waste and wood.

Wind Energy:
Generated using wind turbines. It is clean and renewable.

Solar Energy:
Energy from sunlight converted into electricity using solar panels.

Nuclear Energy:
Energy produced from nuclear fission reactions.

Wave and Tidal Energy:
Energy harnessed from ocean waves and tides.

Hydrogen Energy:
Hydrogen can be used as a clean fuel with water as the by-product.

7. Sustainability and Environmental Trade-Offs

Every energy source has advantages and disadvantages.

Coal:
¢ Cheap but highly polluting

Solar:
¢ Clean but dependent on weather conditions

Wind:
* Renewable but requires large land area

Nuclear:
« High efficiency but radioactive waste management is difficult

Hydrogen:
¢ Clean fuel but expensive production process

8. Energy Storage and Regeneration

Energy storage systems help maintain continuous energy supply.

Pumped Storage Hydropower:



Water is pumped to higher reservoirs during low demand and released during high demand
to generate electricity.

Superconductor-Based Energy Storage:
Stores energy in magnetic fields with very high efficiency.

High Efficiency Batteries:
Lithium-ion and solid-state batteries are widely used in electric vehicles and renewable
energy storage systems.

Importance of Energy Storage:
« Grid stability

* Renewable energy integration
* Backup power supply

Conclusion

Energy science plays a vital role in modern development. Sustainable energy systems and
renewable resources are essential for reducing environmental impacts and ensuring long-
term energy security.
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