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Introduction to Energy
Energy is the capacity to do work. Energy is vital for each activity in our day-to-day life. Energy is required to fulfill every basic need of human beings. At larger scale, energy consumption of a country or civilizations depicts the extent of development or prosperity of the nation. All the technological advances in the world are possible due to the improvement in quality of various types of energy. Earliest form of energy used were work done by human and animals along with wind and water available in nature. The development of human civilization has been directly related with the amount and form of energy consumed. The energy sources consumed before the Industrial revolution had low energy density and were not dependable (Singal, 2011). However, the sources were renewable and available for free. With the growth in population and various inventions, the use of energy shifted to conventional fossil fuels. The high energy density of the fuels resulted in efficient conversion to useful work. Due to environmental impact of the conventional fuels, the focus has been shifted to traditional or renewable energy sources. The majority of renewable energy sources are focused towards electricity generation. 
[bookmark: _Toc115164962]Energy Characteristics
Use of energy can be evident in very simple form as of daily work done by human beings or in rather complex form as power produced from a Solar Photo-voltaic panel. However, the basic concepts and characteristics for all the kind of energy sources and forms are fundamentally similar. Some of the characteristics are:
· Energy can neither be created nor be destroyed
· Energy can exist and can be transformed from one form to another
· Energy can be stored in proper devices and equipment
· The general unit of energy is N-m or Joule.
· The value of energy is measured with reference to a datum. The commonly used datum or reference are ground level, atmospheric pressure and temperature at 0 K. Which means that the heat energy at 0 K is considered zero. The potential energy at ground level is considered zero.
· The natural flow of energy takes place from higher energy to lower energy.
· Energy can be graded as per their availability or exergy. Availability is the measure of the useful form of work that a energy source can be converted to. High grade energy can be converted to useful work without significant loss where as low grade energy can not be converted to useful work without significant loss. Electrical energy is an example of high grade energy and heat energy is an example of low grade energy. (Singal, 2011)
[bookmark: _Toc115164963]Forms of Energy
Energy are available in various forms. Some of them are
· Mechanical Energy
· Electrical Energy
· Chemical Energy
· Nuclear Energy
· Heat Energy

[bookmark: _Toc115164964]Mechanical Energy 
Mechanical Energy of a body is the result of either its position or its movement. The basic form of mechanical energy can be classified as
[bookmark: _Toc115164965]Kinetic Energy
Kinetic Energy is the result of energy possessed by a body due to the virtue of its mass and motion or velocity. The kinetic energy of a body can also be understood by the amount of work required to move the body at the given velocity from the position of rest. 
Kinetic Energy (KE) can be expressed by the following relation
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Where, 
· KE = Kinetic energy posses by a body with mass m (Joule)
· m = mass of the body (kg)
· V = velocity of the body (m/s)
Energy is the capacity to do work. The kinetic energy possessed by a moving air or water is the theoretical maximum amount of work that the fluid can do. Also, power (P) is the rate of doing work or in this case power of a fluid (air or water) is the rate of energy possessed by the moving fluid. 
Hence,
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Where,
· P = power of the fluid (J/s or Watt)
·  = mass flow rate of the fluid (kg/s)
· V = velocity of the fluid
The mass flow rate can be expressed as
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Now, substituting equation number 3-3 in equation 3-2 we get
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The equation above represents the total theoretical power producing capacity of a wind mill or hydro power.
[bookmark: _Toc115164966]Potential Energy
It is defined as the energy possessed by a body due to its position with respect to a relative datum or ground. It represents the energy a body has when it is raised to certain height above the ground and due to which it falls and gains kinetic energy. 
It is denoted by following expression
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Where
· PE = potential energy of the object (N-m or J)
· g = gravitational acceleration (9.81 N/m2)
· h = height to which the object is raised (m)
Now again, as we wish to calculate a power potential of a river when the water is dropped from a height (head) h as in case of a hydropower we can use the equation 3-5 as follows
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Where, 
·  = mass flow rate of the water (kg/s)
· P = power possessed by the water at height h (W)
 can be represented as
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Where,
· = rate of flow of water (m3/s) 
So, the equation 3-6 can be re-written as
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Which is the equation for theoretical power of a water body flowing with flow rate of  and with available head h. 

[bookmark: _Toc115164967]Flow Energy
When a water body is flowing in a pressurized conduit, it is important to consider the pressure energy the fluid possess along with the kinetic energy. The energy is known as flow energy or pressure energy. Mathematically it can be represented as
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Where
· FE = Flow energy (N-m or J)
· p = pressure of the fluid (N/m2)
· V = volume of the fluid (m3)
[bookmark: _Toc115164968]Shaft Energy
Generally, the potential energy or kinetic energy of a fluid is converted to rotation energy of a shaft which in turn rotates a generator or drive system to which it is coupled to produce the necessary power. The power (P) possessed by a shaft rotating at N rotation per minute (rpm) and with torque (T) can be represented as 
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[bookmark: _Toc115164969]Electrical Energy
Wind or hydro power plants along with other major power plants transform the mechanical energy produced by turbines into electrical energy. Electrical energy is clean form of energy which can be easily transported by the means of transmission lines. Also, fuel cells convert the chemical energy of a fuel to electrical energy. In most of the case, the end targeted end product of all energy sources in Electrical Energy. The power due the electrical energy can be expressed as
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Where ,
· P = electrical power (W)
· V = potential difference across a resistor (Volt)
· I = current flowing through the resistor (Ampere)
[bookmark: _Toc115164970]Chemical Energy
Chemical energy is the energy possessed by a either solids, liquids or gases (hydrocarbons) which gets released upon the chemical reaction. Generally, the fuel such as coal, wood, gasoline combine with oxygen to release byproducts and heat in an exothermic reaction. The heat that one kg of such substances is able to produce during combustion is called calorific value. The unit of calorific value is kJ/kg. 
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Fuel cell is also a device which directly converts the fuel to electrical energy by the virtue of chemical energy present in the fuel. Calorific Values of Some of the important fuels is presented in the table below.
	Fuel
	Calorific Value (kJ/kg)

	Cow Dung Cake
	6,000-8,000

	Coal
	25,000-33,000

	Petrol
	45,000

	LPG
	55,000

	Hydrogen
	150,000


(Collegedunia, 2022)
[bookmark: _Toc115164971]Nuclear Energy
[bookmark: _Toc115164972]Nuclear Fusion
When two or more atomic nuclei combine to produce one or more different atomic nuclei and subatomic particles (neutrons and protons), the reaction is called nuclear fusion reaction. The reaction results in difference in the mass of the products compared to the reactants which is either consumed or produced as energy depending on whether the mass or the products increase or decreases. The example of the nuclear fusion is the reaction in sun and stars, where due to continuous fusion reaction four nuclei of hydrogen fuse resulting in one nucleus of helium. The difference between the mass of the 4 hydrogen atoms and 1 helium atoms results in energy generation during the process (WWU, 2022). This energy is responsible for heat produced which results in extremely high temperatures in the sun or stars.   
[bookmark: _Toc115164973]Nuclear Fission
In nuclear fission reaction one heavy nucleus such as uranium or plutonium is split to form two smaller nuclei. Large amount of energy is produced during the fission process which results in formation of radioactive elements as well as many neutrons (byjus, 2022). The controlled example of nuclear fission is the production of energy in nuclear reactor whereas uncontrolled nuclear reaction results in formation of atom bombs.  
[bookmark: _Toc115164974]Heat Energy
Heat energy is defined as the energy which flows through the surrounding to system or vice versa due to the temperature difference between the system and surrounding.  
For an object of mass (m) with specific heat capacity (C), when its temperature is raised from T1 to T2, then the heat absorbed by the object can be given as
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Where, 
· Q = heat energy (J)
· m = mass of the object (kg)
· C = specific heat capacity of the object (J/kg.K)
· T2 = final temperature
· T1 = initial temperature
[bookmark: _Toc115164975]Classification of Energy Sources
[bookmark: _Toc115164976]Commercial and Non-commercial energy resources
Commercial energy resources are also known as primary energy resources. These are generally available in raw form in nature eg. coal, natural gas, wind and water etc. Non-commercial energy resources are those which are available freely in nature such as solar energy, agricultural waste. 
[bookmark: _Toc115164977]Renewable and Non-renewable energy resources
Renewable energy sources are those which do not deplete upon continuous use and can be reused continuously such as solar energy, wind energy, geothermal energy, tidal energy etc. 
Non renewable energy sources are those which deplete upon use and can get exhausted upon use for a limited period of time such as coal, oil, gas etc. Dependency on non-renewable energy sources can contribute to fuel crisis in future as the supply cannot be adjusted according to the demand (Sharma & Hasan, 2009).
[bookmark: _Toc115164978]Conventional and Non-conventional energy resources
Conventional energy sources are those which are being used orthodoxly in the world today. Coal, oil and gas are commonly known as conventional energy resources. Conventional energy sources get depleted and are non-renewable. Solar energy, wind energy, agricultural waste etc. are classified as the non-conventional energy resources. 
[bookmark: _Toc116159766]Renewable Energy Sources
Renewable energy sources are often non-conventional energy sources. The various types of renewable energy sources are
· Solar Energy
· Wind Energy
· Geothermal Energy
· Biomass 
· Ocean Energy and Tidal Energy
[bookmark: _Toc116159767]Solar Energy
Solar energy is continuously incident on the earth in form of electromagnetic radiation at the rate if around 1,7 x 1017 W (Singal R. , 2011). If a person would require 10 kW of energy for sustaining life, then a population of 10 billion will require around 1011 which is much less than the solar energy incident on the earth. So, theoretically solar energy is sufficient to fulfill all the energy requirement of the people of earth. However, there are limitations which restrict the actual usage of solar energy such as solar energy is very diffuse, cyclic and often undependable. However, much of the limitations have been addressed by modern energy conversion devices which either convert solar energy to heat or directly generate electricity in reliable manner. Solar energy can be used in following ways:
· Conversion to electricity (Solar PV)
· Conversion to thermal energy (Solar Thermal)

[bookmark: _Toc116159768]Wind Energy
Sunlight has to travel varying distance to reach the surface of the earth depending on its latitude. That is, sunlight reaches perpendicularly at tropical region and becomes more oblique in high latitude region. This results in uneven heating of the earth’s surface which results in tropical region being hotter than the polar regions. This results in variation of atmospheric pressure at different regions which results in movement of air from high pressure to low pressure regions. This phenomenon is the principal cause of Earth’s wind system (Boyle, 2013). This wind energy is dependent mainly on the velocity at which the wind travels and can be harnessed by using different form of wind turbines. The kinetic energy of the wind is governed by simple equation represented as follows:
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Where, 
· KE = Kinetic energy posses by wind(Joule)
· m = mass of air (kg)
· V = velocity of the wind (m/s)
Generally rotor diameter of 50m and heights of 100m are typical dimensions for a wind turbine which can produce appreciable amount of power (Singal R. , 2011). The large variability of wind has resulted in unreliable power production in wind energy.
[bookmark: _Toc116159769]Geothermal Energy 
Earth is composed of inner core, outer core, lower mantle, upper mantle and crust. The depth of crust is about 40 kms. The temperature is highest at earth’s core. At the base of the crust the temperature ranges from 200 to 100 degree Celsius. Due to various faults and fractures in earth’s surface (due to earthquakes or surface movement), rain water can seep down such faults for miles. After being heated it can return to the surface as steam or hot water. Geothermal springs can reach temperature of 370 degree Celsius (Singal R. , 2011). The heat stored beneath the earth’s crust can be used for various purpose such as space heating, electricity generation, cooking and medicinal purposes. 
[bookmark: _Toc116159770]Biomass 
Biomass are basically the organic matter derived from various plant and animal sources. Energy derived from such biomass is known as biomass energy. Biomass is also indirect manifestation of solar energy as the solar energy received by the plants converts carbondioxide present in the atmosphere to carbohydrates which forms the basis of much complex molecules. In developing countries, biomass (or in form of biofuels) are the major source of energy. Gaseous and liquid fuels derived from biomass are significant source of power in some countries (Boyle, 2013). However, biomass or biofuels are considered renewable source of energy only when the rate at which they are consumed is less than the rate at which new plants are regrown which is unfortunately, is often not the case (Boyle, 2013). Inefficient combustion of biomass can result in significant amount of green house gases to be released in to atmosphere. 
[bookmark: _Toc116159771]Ocean Energy and Tidal Energy
Gravitation pull of the moon along with little contribution from the Sun results in formation of Ocean tides, which results in the regular rise and fall of water level of the ocean as the Earth rotates. Also, flowing wind blowing over the open sea causes wave which are also significant source of power. These tides and waves in the ocean can be harnessed by various means to generate power. The concept behind harnessing the tidal energy is capturing the rising water during high tide and allowing it to flow back through electricity generating turbines. 
[bookmark: _Toc116159772]Advantages of Renewable Energy Sources
· Renewable in nature and inexhaustible
· No operating cost for fuel
· Are site specific, lesser need for transmission and distribution.
· Renewable energy sources have negligible or no contribution to the pollution and hence are considered as clean energy sources
· Most devices or technology used for conversion of renewable energy sources are simple in nature and can be fabricated easily locally. 
· Renewable technology can serve rural areas better with locally available source of renewable energy. 
Energy Management
Energy management refers to the strategic and systematic oversight of the way energy is used and controlled within an organization, facility, or system. It involves the efficient utilization, conservation, and optimization of energy resources to minimize energy consumption, reduce costs, and mitigate environmental impact.
Key aspects of energy management include:
· Monitoring and Analysis: Regular monitoring, measurement, and analysis of energy consumption patterns and energy efficiency to identify areas for improvement.
· Efficiency Improvements: Implementing measures and technologies to improve energy efficiency, such as upgrading equipment, improving insulation, using energy-efficient lighting, or optimizing processes to reduce energy waste.
· Renewable Energy Integration: Introducing renewable energy sources like solar, wind, or hydro power to reduce reliance on non-renewable resources and lower the carbon footprint.
· Behavioral Changes: Educating and engaging employees or users to adopt energy-saving practices and promoting a culture of energy consciousness.
· Regulatory Compliance: Adhering to energy-related regulations and standards to ensure legal compliance and potentially benefit from incentives or rebates.
· Cost Reduction: Managing energy consumption to reduce operational costs, which can significantly impact the bottom line of businesses or households.
· Environmental Impact: Mitigating the environmental impact of energy use by reducing carbon emissions and other pollutants associated with energy production and consumption.
Effective energy management practices are essential for sustainability, cost savings, and reducing the carbon footprint. It involves a combination of technological upgrades, behavioral changes, and continuous improvement initiatives to achieve the goal of using energy in the most efficient and sustainable manner possible.
Energy Auditing
Energy auditing in the context of buildings involves a systematic process of assessing and evaluating the energy usage and efficiency of a structure to identify opportunities for energy conservation and cost savings. It aims to analyze the energy consumption patterns within a building, recommending improvements to enhance energy efficiency and reduce overall energy costs.



Key points about energy auditing in buildings include:
· Assessment of Energy Use: Energy auditors evaluate the overall energy consumption patterns of a building by examining factors like heating, cooling, lighting, appliances, insulation, and ventilation systems. They collect data to understand how energy is used throughout the building.
· Identification of Inefficiencies: Through detailed analysis, auditors identify areas where energy is being wasted or used inefficiently. This could include outdated equipment, poor insulation, air leaks, or inefficient lighting systems.
· Recommendation of Improvements: Energy auditors provide recommendations for improvements aimed at enhancing energy efficiency. These suggestions may include upgrading to energy-efficient appliances, improving insulation, optimizing HVAC systems, installing energy-efficient lighting, or adopting renewable energy sources.
· Cost-Benefit Analysis: Auditors often conduct a cost-benefit analysis of the recommended improvements to help building owners understand the potential return on investment for various energy-saving measures.
· Customized Solutions: Energy audits are tailored to the specific needs and characteristics of a building. They consider factors like the size, function, age, and structure of the building in providing energy-saving solutions.
· Compliance and Standards: Energy audits may also ensure compliance with local energy efficiency standards and regulations, enabling buildings to meet certification requirements such as LEED (Leadership in Energy and Environmental Design) or Energy Star ratings.
· Environmental Impact: Improving energy efficiency in buildings reduces greenhouse gas emissions and lessens the environmental impact associated with energy consumption.
· Energy auditing is a crucial step in achieving energy efficiency and sustainability in buildings. By identifying areas for improvement and recommending solutions, these audits empower building owners and managers to make informed decisions that can lead to significant energy and cost savings, as well as environmental benefits.
Steps of Energy Auditing in Buildings
An energy audit for buildings involves a systematic process to evaluate energy usage, identify inefficiencies, and recommend improvements to enhance energy efficiency. Here are the typical steps involved in an energy auditing process for buildings:
Gather Information: Collect historical energy bills, building plans, occupancy schedules, and any other relevant data to understand the building's energy usage patterns.
Preliminary Assessment: Conduct a walkthrough of the building to identify potential energy wastage, such as air leaks, inefficient equipment, lighting, insulation, etc.

Utility Analysis: Analyze historical energy bills to understand usage patterns, peak demand, and cost breakdowns for various energy systems in the building.
Energy Modeling and Simulation: Use specialized software to create a detailed model of the building to simulate energy usage and identify areas where improvements can be made.
Building Systems Inspection: Evaluate the performance of various building systems including HVAC (heating, ventilation, and air conditioning), lighting, water heating, insulation, etc. Check for maintenance issues and assess the condition and efficiency of the systems.
Data Logging and Monitoring: Install data loggers or monitoring equipment to collect real-time data on energy consumption and usage patterns to better understand peak loads and when and where energy is being used most.
Identify Energy Conservation Measures (ECMs): Analyze the data collected and observations made to identify potential energy-saving opportunities such as upgrading equipment, improving insulation, optimizing lighting, implementing renewable energy sources, etc.
Cost-Benefit Analysis: Evaluate the costs associated with potential improvements and weigh them against the estimated energy savings and payback period to prioritize the most cost-effective measures.
Recommendation and Report: Prepare a comprehensive report detailing the findings, potential energy-saving measures, cost estimates, and the expected return on investment. This report may also include a prioritized list of recommendations.
Implementation Plan: Develop a plan that outlines the steps required to implement the recommended energy-saving measures. This may include project timelines, procurement of materials, hiring contractors, and more.
Monitoring and Verification: After implementing the energy-saving measures, continue to monitor energy consumption to verify that the changes made have resulted in the expected energy savings.
Continuous Improvement: Energy audits are not a one-time event. Regular audits, continuous monitoring, and ongoing improvements are essential to maintain and enhance a building's energy efficiency over time.
Each building is unique, so the steps might vary depending on the specific requirements and complexities of the structure being audited. The goal is to identify opportunities to reduce energy usage, lower costs, and improve the overall environmental impact of the building.
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