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			Preface

			The book is divided into ten chapters with multiple subsections that cover all the necessary facts about renewable energy sources, their uses and benefits, how they can be extracted, and finally, their impact on our prevailing environment. The book also tries to shed light on the importance of the enhancement, improvement, and development of technologies associated with the mobilization of renewable energy. In Chapter 1, the fundamental aspects of renewable energy sources, as well as the consequences of fuel combustion, are accurately presented. Facts about thermodynamics, heat transfer, fluid mechanics, thermochemistry, heat engine, and power plants are divulged in an organized manner in chapter 2. Chapter 3 divulges the most important facts about solar energy application, and chapter 4 is an in-depth exploration of wind energy. The types of wind turbines, their efficiencies, and limitations, as well as the potential and density of wind power, have been elaborately discussed. An elementary introduction to hydropower, as well as an intensive analysis of a hydroelectric power plant, has been given in chapter 5. Chapter 6 touches the key aspects of geothermal energy as well as the fundamental elements of geothermal applications, heating, cooling, heat pump systems, power production, and cogeneration. Chapter 7 presents multiple techniques to harness it. Chapter 8 discusses hydrogen and fuel cells, and chapter 9 gives a broad analysis of the economical aspects of renewable energy. Lastly, the widespread implications of energy and the environment have been broadly discussed in chapter 10, and one can find a comprehensive overview of pollutants and emission from automobiles as well as a factual inquiry and meticulous research on the greenhouse effect, stratospheric ozone depletion and nuclear waste. 
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			Chapter

			1	A Review on Renewable Energy

			1.1	Introduction

			The energy that can be naturally replenished like that from solar or wind, thermal or geothermal, and from tide or waves are referred to as renewable energy. This renewable energy can be used in some core areas like electricity generation, cooking, transportation, etc. These are more efficient and cheaper as related to the energy sources that are non-renewable in nature. Renewable energy sources are very abundant in nature as compared to fossil fuel (non-renewable), which are only concentrated on certain parts of the globes only. Electrification with renewable energy is very efficient, thus reducing the primary energy requirements. Prior to the utilization of coal, all the energy was renewable. The ancient use of renewable energy was the usage of biomass to fuel fires, while the second ancient most use of renewable energy was harnessing the breeze to drive the boat through the sea. Considering the present scenario across the globe, we are in great need to replace all the non-renewable energy with renewable energy considering its effect on the environment. 

			1.2	Why Renewables? 

			Pollution turns out to be the most prominent cause of the growing need for renewable energy these days. Fossil fuels are the biggest source of combustion across the globe. The consumption of fossil is also increasing day by day with an increase in its demand. As more amount of fossil fuel will be consumed, more will be its combustion, and more will be its emission into the environment. Excessive emission of fossil fuel into the environment is impinging on the atmosphere of the earth. As a result, serious damages are posing to the earth’s atmosphere, which in turn, causing a tremendous effect on the health of the human along with other living beings. The air in the atmosphere gets intoxicated by the rigorous emission of harmful toxicants into the atmosphere; as a result, many broad level changes such as global warming, greenhouse effects are also observed to take place. The most desirable feature of renewable energy is that it is highly abundant in this nature, to be more specific, it is actually infinite. Investment required for renewable energy sources is the cost of man and material required for building and maintaining the facilities to retain these energies rather than spending on their costlier imports. These days people are more aware of the obnoxious consequences of burning fossil fuel due to the technological advancements of mass communication educating people about the demerits of excessive fossil fuel consumption. Such pollution causes various respiratory illnesses and death in living creatures. An abrupt increase in the recurrence of acid rain is also encountered these days. 

			1.3	Fossil Fuels

			Fossil fuels are nothing but the hydrocarbons consisting of oils, coal, and natural gas. This are formed from the anaerobic breakdown of a buried lifeless organism containing energy. Such an organism getting converted to fossil takes about millions of years. A higher percentage of carbon, along with petroleum, coal, and natural gas, can be seen in fossil fuel. Kerosene and propane are the most commonly used derivatives of fossil fuel. This is the result of the dead remains of plants by exposure to the enormous pressure and heat in the Earth’s crust over millions of years. The term “fossil fuel” was first mentioned in the work of German chemist Caspar Neumann in 1759. Fossil fuel contributes to around 85% share in the major energy consumption in the world. 

			1.3.1	Why Fossil Fuels are considered as Non-renewable Sources of Energy?

			The formation of fossil fuel is a completely natural process where decomposition of dead material into fossil yields the desired fuel. But the reason for which this is considered as non-renewable energy is that the time involved in the total process is around millions of years. Also, the consumption rate is far higher than the rate of replenishment, which results in causing a great depletion in the level of fossil fuels in the viable reserves.

			1.3.2	Fossil Fuel: A boon or a curse

			The importance of fossil fuel lies in the production of a significant amount of energy per unit mass. Our history advocates the most diverse predated use of coal in that reign of time. In the melting of metal, ore coal was used to run furnaces, and the semi-solid hydrocarbons were used mostly for waterproofing and embalming. The inception of commercial use of petroleum began from the 19th century, mainly in the oil lamps. Gradually, the exploitation of fossil went more extensive, ranging from use in transportation to various other vital sectors in the lifestyle. Now, the combustion of fossil fuel produces numerous air pollutants such as nitrogen oxides, sulfur dioxides, heavy metals, and volatile organic compounds. This intoxicant poses harmful hazards to the environment in terms of acid rain. This acid rain corrodes the sculptures and monuments made of marble and limestone. The deleterious consequences on human health ranges from chronic bronchitis to acute respiratory illness, premature death, and decreased lung function. Such that it can be concluded that at the inception, fossil fuel was perhaps the greatest boon that could have ever happened to mankind, but nowadays, it is shaping more as an unwanted curse to the society.

			1.3.3	Consequences of Fossil Fuel Combustion

			As discussed earlier, the consequences of excessive fossil combustion range from its apparent extinction in the near future to the harmful effects it poses to the surroundings and to the well-being of the living creatures. A higher carbon dioxide concentration is released into the atmosphere due to excessive combustion of fossil fuel. Carbon dioxide being a greenhouse gas, is remarkably responsible for global warming along with other gases participating in this causal. Global warming is an elevation in the overall heat of the Earth’s surface area. This happens because the heat obtained from the sunlight is trapped by carbon dioxide; this process is referred to as greenhouse effect, which eventually leads to global warming. Global warming, in turn, is responsible for the melting of polar ice and the rise in sea levels. The climate of the Earth can badly get affected by the rise in the sea level. Such a rise in the sea level results in the submerging of the coastal area underwater. Burning coal and natural gas liberate sulfur dioxide, which is very corrosive in nature. Unlike coal, petrol liberates oxides of nitrogen. The continuous accumulation of oxides of sulfur and nitrogen in the atmosphere causes acid rain. Acid rain is very much detrimental to living beings and all the sculptures and monuments made of marble and limestone. Increased burning of fossil fuel alters the chemistry of the ocean, making it more acidic. As the ocean grows more acidic, a significant weakening of the shells of many marines can be encountered, which eventually imperils the food chain. Improper burning of fossil fuels liberates carbon monoxide, which is very poisonous and dangerous and poses a deleterious effect on human health. The unburnt carbon particle released from the burning of fossil fuel is the dangerous pollutant capable of inducing serious respiratory damages to human health in the form of asthma. The sea route of transportation, being the highest transporter of crude oils or petroleum across numerous boundaries in the world are subject to cause oil spills into the sea due to any sort of leakage. This causes water pollution and poses an egregious threat to the lives of marine organisms.

			

			1.3.4	Renewable Energy Sources

			The sources contributing to renewable energy are inexhaustible. With technological advancement coming into place these days, we have many ways to use these energy sources. Following are the renewable energy sources which are used globally:

			1.3.5	Hydropower

			Among all other sources, hydropower is the most prolific source of renewable energy contributing to about 10% of the nation’s electricity across the globe. Water dams are the most common forms of hydropower, which retains an extensive volume of water for the production of electricity. Hydropower plants produce electricity by converting the energy exerted by the flow of water onto the turbine into the desired electrical energy. Under such kind of practice, no air emission is witnessed; however, the water quality and the aquatic lifestyle might get altered. The number of fish-killing is reduced by using improved turbines, which assists the fish with migration. The improvement to the wildlife’s river habitat can be brought into practice by changing the direction of a portion of flow around the dams, which mimics the river’s natural flow. Flexibility is one of the biggest promising features of hydropower setups. Hydropower plants are very much adaptive to the desired energy requirement. These power plants have quite long lives in terms of economy, not only shrugging off the recurrent operational cost but also reduces the necessities of frequent water storage due to their large and extensive water reservoirs. These dams can be used for various sectors such as water sports, aquacultures, irrigation support in agriculture, and so on. But in many cases, it can be observed that large reservoirs tend to submerge the low lying areas near the dam. This causes a great loss to the livelihood of that particular area. Sometimes changes in the flow of the river also alter the amount of energy produced by the dam. The probability of flow shortage can be due to the climatic change. Power plants in tropical areas are seen to emit methane, and this is because of the decomposition of plant material in an anaerobic environment forming methane. Local resident’s relocation shapes as one of the major disadvantages while setting up a hydropower plant. The future prospects for hydropower are significantly higher than the present scenario, and this may be due to the increasing threat contributed by fossil fuels to this environment. 

			1.3.6	Geothermal Energy

			The energy which is generated and stored by the Earth’s crust is referred to as geothermal energy. This energy aids in determining the temperature of matter. The formation of this energy is the resultant plant’s formation and radioactive degradation of the material. The temperature may reach up to 4000°C at Earth’s core-mantle boundary. These heats can be trapped in the reservoirs and can be converted to energy, which is reliable, cost-effective, and sustainable, and environment-friendly. The buildings can be heated or cooled by means of the geothermal heat pumps (GHPs). During summer, the GHPs discharges the heat from interiors of a house into the ground, and during winter, a reciprocal process is carried out where heat is drawn from the ground into the building. GHPs turns out to be three times more efficient when compared to the energy-saving heaters available in the market today. 

			In geothermal electricity production, the hot water is drawn up to run a steam turbine that delivers energy to an electric generator. In such a setup, water is generally recycled in order to subsidize renewable succession. There are, namely, three kinds of geothermal power plants in use – binary cycles, dry steam, and flash steam. Both the binary cycle and flash steam extracts from the hot water while the dry steam draws from the stream. Binary cycle is capable of functioning at a lower temperature of 225°F to 360°F as they transfer the heat from water to the working fluid. 

			Temperature ranging from 70°F to 302°F can be directly put into service for direct-use application of geothermal temperatures. Generally, a well is bored into a geothermal reservoir in a direct-use system providing unvarying stream of hot water. The use of heat exchanger in some systems differentiates water from the working fluid. It is the working fluid that distributes the heat for the intended use. Geothermal direct use finds its application in the field of agriculture ranging from fish farms to food processing. It can also be used in district heating procedures where many architectural structures are reheated.

			The resources that are drawn from the earth for geothermal application contains a lot of intoxicants such as carbon dioxide, methane, hydrogen sulfide, and ammonia. These constituents impart obnoxious odors and also contributes enormously to global warming. Furthermore, a trace amount of toxic elements such as mercury, boron, arsenic, and antimony can reside in scorching water from geothermal springs. The chances of an earthquake stand high with excessive geothermal systems. The energy required to drive a GHP might contribute to the global pollution scenario. Despite such disadvantages, the minimal requirement of land and freshwater for geothermal plants delivers a humongous privilege to the world.

			1.3.7	Wind Energy

			The kinetic energy of air in motion is referred to as wind energy. This kind of energy uses the flow of air for generating mechanical energy to run the electric generator and subsequently performing other works such as milling, pumping, etc. The features like abundance in nature, lower impact on the environment holds wind as a fascinating renewable source of energy. The incorporation of windmills for producing energy is an age-old process. Nowadays, these processes are revamped with wind turbines, which are more efficient than windmills. The amount of electricity generated ranges from 50KW to 1 or 2 MW. Wind energy is the rapidly expanding renewable source of energy, expanding at a rate of 25 percent per year. Wind used for generating electricity is of two types: offshore wind and onshore wind. Onshore wind is one of the cheap sources of electric power, and sometimes it is even economical than gas or coal plants. Offshore wind requires a larger input of capital for its construction and maintenance. On the other hand, the onshore wind sometimes results in habitat loss due to their expansion over a large area of land, while the offshore farms induce less graphical impact and are firmer and robust than on land for the production of electricity, such as wind farms, supports numerous wind turbines in the same place. Wind power induces lower environmental effects when compared with the influences of fossil fuel. Wind turbines have the least global warming potential per unit of electrical energy produced when equated with a power source with low carbon emission. Some negative prospects of wind energy are like habitat loss, negative on tourism in areas known for their coruscating and vivid landscapes, high rates of mortality for bats and birds, etc. People living nearer to the wind farms are found to have serious health issues due to the noise generated by the wind turbines. 

			1.3.8	Marine Energy

			Ocean is capable of generating energy of two types, namely heat energy from the rays of the sun and the tides and waves producing mechanical energy. Moreover, the pressure-retarded reverse osmotic process can put into service to harness the energy linked with the salinity gradient. The incorporation of mechanical devices is generally required for the conversion of wave and tidal energy. Electricity is produced either from the warm seawater or by boiling the water to run the turbine that in turn ignites the generator. The water is generally forced onto a turbine which is kept in adam. Other than renewable energy, ocean floor containing petroleum and natural gases are also considered as part of ocean energy. Europe is the major developer and researcher in ocean energy. Concerns associated with ocean energy include the chances of fishes and marine mammals getting struck by the turbine blades, the underwater noise emitted by the EMF disturbs the marine habitat. 

			1.3.9	Bioenergy

			The energy obtained from biomass or organic matter such as plants is referred to as bioenergy. It is completely renewable, which gets replenished naturally. Various wasteland and landfills can be made into potential bioenergy resources using modern technologies. This can be made into useful energy resources for providing heat, gas, and fuel. The carbon footprint can be reduced using bioenergy, which in turn protects the environment. Proper utilization of bioenergy feedstock can minimize the deleterious effect on the environment. Biomass turns out to be one of the leading sources of renewable energy across the globe. Biomass has found its way of replacing some amount of coal in thermal power plants, thus reducing various undesirable emissions. This replacement also turns legitimate as biomass is found to contain less amount of sulfur than coal. As a result, a decrease in the recurrence of acid can be encountered. Biomass contributes to electricity production by a procedure called gasification. In this process, the biomass is metamorphosed into gas, which undergoes combustion in the gas turbine generating electricity. The formation of pyrolysis oil occurs when there is no presence of oxygen in the heating of the biomass. This oil is required for energy production and as a feedstock for fuel and chemical production. 

			Direct conversion of biomass into liquid fuel produces biofuel. The most typical example of biofuel is ethanol, which is a result of carbohydrate (biomass) fermentation. This is widely used to fuel vehicles and for stationary power generations due to their higher density of energy and ease of transportation. It can also be incorporated as a gasoline additive. Another impressive biofuel is biodiesel, which is prepared from vegetable and animal fats. This is also employed as a fuel additive to reduce egregious emissions. 

			Biomass is also capable of producing certain materials and chemicals which we normally derive from petroleum. Nowadays a lot of researches is carried out to find the suitability of corn-starch in making of very necessary commodities like car bumpers, plastic utensils, etc. Various developments are also taking place to thermostat plastics from wood residues like electrical switch plate covers. 

			1.3.10	Solar Energy

			The rays and warmth obtained from the sun is known as solar energy, which is exploited using an extensive array of machinery like solar architecture, thermal energy, heating, photovoltaics, and artificial photosynthesis, etc. The sun being an infinite source of energy, makes solar energy a commendable renewable energy source. The technologies employed in this energy are classified into two types, i.e., active solar and passive solar. The former include active solar power, photovoltaic system, and solar water heating to utilize the solar energy, while the latter includes arranging spaces that certainly circulate the air, opting for materials with desired thermal mass or light-dispersing properties. In this passive solar system, no mechanical devices like pumps or fans are used. During winter, the south faced window receives an adequate amount of sunlight to enlighten the interiors of the home while the brick floors retain the heat and release them after sunset. During summer, the window overhangs restricting the direct flow of sun rays into the house, thereby keeping the house cool. Proper insulation and good weather-stripping in passive solar systems make a great difference in energy and cost-saving. 

			Solar heating systems are comprised of a solar collector and water storing reservoir. The collectors are placed at the south-facing windows to heat the water or a non-toxic heat transfer fluid. The solar collectors employed in the solar water heating systems are of three types, namely – flat plate, evacuated tube, and concentrating. The flat-plate collector is impermeable, containing a dusky absorbing dish under a see-through cover. The evacuated tube collector are parallel, transparent glass tubes layered with coating responsible for absorbing the heat energy while restricting any heat loss. Concentrating collectors mainly find their application through a parabolic-shaped mirror that accumulates sun energy on a receiver that goes along the axis of the trough containing a heat transfer fluid. 

			An electric pump is used for circulating the fluid through the active system. These systems are efficient in terms of energy but are very expensive to set up. As these systems require electricity to run, they are now equipped with a small solar-electric panel in order to ignite the pump. The heating of water depends on various factors such as availability of desired sunlight, size and type of system employed, tilt angle, and proper orientation of the collectors. These turn up highly efficient as compared to the electric heaters when the heating of water is to be carried on a large surface such as a swimming pool.

			Photovoltaic technology converts solar energy into electric energy through a direct process. These technologies find their operative use in solar electric systems. These systems consist of a module, inverters, and batteries. The module is responsible for the conversion, while the inverter converts that electricity into alternating currents and batteries are there to store the excessive amount of electricity produced for further usage. The solar energy is extensively used in space programs. These are also utilized in small electronics and agricultural applications for decades. Following the recent trends and advancement in the technological arena, solar electricity turns out to be a boon for the entire world. 

			The solar thermal electricity is quite unique with its processes. In this approach, the electricity is produced by metamorphosing the sun’s heat rather than utilizing the sunlight. Concentrating solar power (CSP) technology converts solar energy into electric energy by utilizing glasses to focus the sunlight onto a receiver. This helps in the production of electricity by conveying the heat to the steam turbines. These technologies can be used for a wide range of purposes ranging from remote power systems to grid-connected systems. Large-scale power plants mainly use CSPs for electrifying localities, especially in areas where the duration of sunlight is longer than the other areas. 

			1.4	Fossil Fuel and Nuclear Energy

			Humans need energy for performing various tasks across their day to day lifestyle. These are generally used in different households, industries, and agriculture. In order to utilize such energy, various industrial processes are approached using different sources. These sources can be renewable and non-renewable sources of energy. Nowadays, a lot of renewable sources of energy are used because of their energy efficiency and cost-effectiveness, but we still receive a majority of the energy from non-renewable energy, i.e., fossil fuels. Fossil fuels are classified into three types – coal, natural gas, and oil. 

			1.4.1	Coal

			Among all the other renewable sources, coal is one of the vital fossil fuel on account of its extensive use for decades. It is an abundant natural resource used in deriving numerous synthetic products ranging from pharmaceuticals to pesticides. It is a great source of energy for electricity generation in thermal power plants. 

			It is a burnable brown-blackish sedimentary rock happening in stratified deposits. Coal consists of carbon mostly with traces of nitrogen, sulfur, oxygen, and hydrogen. The formation of coal results in the dead and decaying matter of plant remains to convert into peat. The process of conversion dead and decaying plants into coal is called coalification. The process begins when the dead plants get converted into peat. This peat experiences tremendous pressure and heat down the Earth over millions of years, causing loss of water, methane, and carbon dioxide. This increases the percentage of carbon content. This is followed by the formation of brown coal or lignite coal, then sub-bituminous, bituminous, and lastly, black hard anthracite coals are formed.

			Coal is having a hydrogen-to-carbon ratio near 2, which makes coal a hydrogen deficient hydrocarbon. Therefore, hydrogen must be incorporated in any process that is used to convert coals into alternative fuels. Coal gasification indicates the transformation of coal into a mixture of several gases, including hydrogen, carbon monoxide, and methane. Coal liquefaction is the transformation of coal into liquid fuels mimicking crude oils. The methods employed for liquefaction are solvent extraction, indirect liquefaction, catalytic liquefaction, and pyrolysis,

			During the Carboniferous and Permian times, the vast deposits of coal forests covered most of the Earth’s tropical land areas. Coal serves the 1/4th of the primary global energy and 2/5th of the world’s electricity. Power station using coal generates around 37% of the world’s electricity, and burning coal contributes to around 70 percent. China is the principal importer of coal in the entire globe, followed by India, Japan, and Australia remain the greatest exporter in the world. China mines half of the coal in the world, followed by India. During the period of the industrial revolution, coal was the most cardinal fuel of that time. The earliest use of coal embarked from the carving of ornaments from black lignite by the neolithic inhabitant populace during 4000 B.C. in the Shenyang area of China. Large-scale usage of coal began with the industrial revolution, as the steam engine started to take over the water wheels. People near the coastal areas gather the accumulated sea coal on beaches due to natural erosion and windswept spills from cargo ships. The coal accumulated by peoples were largely used for home heating purposes. 

			An intermittent grade between anthracite and bituminous coal is known as steam coal, was extensively used as fuel for steam engines. Dry steam small nuts were employed as a fuel for native water heating during earlier times. 

			

			The coal can be burnt in the absence of oxygen to form coke. This coke can be used to separate oxygen from the metal ores to carry out the reduction of metal from its ore. This coke is a carbonaceous residue obtained from the low sulfur bituminous coal. These are grey in color, porous and hard in nature and has a heating rate of 29.6 MJ/kg. Coal gas, ammonia, coal tar, and light oils are the by-products of the coke making process. They find their utility in manufacturing steel and other iron products. 

			Plant material gets transformed into various sub-types of coal

			1.	Peat – It is the precursor of coal resulting from the dead and decaying matter of plants.

			2.	Lignite – It is also known as brown coal. The carbon content is 60% - 70%. It is the lowest grade coal available and is used mainly for electric power production. The compact form of lignite that has been used as an ornamental stone for a long time is known as Jet. 

			3.	Sub-bituminous coal – This type of coal is utilized mainly as fuel for steam-electric energy production. It serves as a source of light aromatic hydrocarbon for chemical industries. The grade of such coal types remains between the lignite ones and bituminous ones.

			4.	Bituminous coal – This is also referred to as soft coal, as this breaks and burn very readily on exposure to heat. These are dense in nature, and the color ranges from black to dark brown. It is used as fuel in power stations and the making of coke.

			5.	Steam coal – This coal was once utilized extensively for steam locomotives. For such specialty, this was sometimes referred to as sea-coal in the US.

			6.	Anthracite – This is black coal. It appears to be harder and glossier in nature. Due to its long burning nature, it is widely employed in the heating of commercial and residential areas.

			Hilt’s law 

			According to hilt’s law, the deeper the coal, the higher is the grade it holds. This is a geographical observation that applies if the thermal gradient is completely vertical; however, metamorphism may result in certain lateral alteration of rank irrespective of the depth. A significant increase in the depth results in the reduction of the oxygen content of the coal. In 1873, Professor Carl Hilt observed such kind of phenomenon. 

			Environmental concern with the usage of coal

			Combustion of coal yields nearly more amount of carbon dioxide as compared to oil and natural gas. Its combustion also releases a lot of damaging compounds such as mercury, carbon monoxide, and soot, which are majorly responsible for causing asthma and cancer in living organisms. Coal also contributes to hazardous consequences such as acid rain and smog when burnt without scrubbers. Destruction of natural habitats and damaging large land areas are the deleterious consequence of mountaintop removal mining. In addition to air pollution, coal also contributes to water pollution as it releases toxic coal ashes. Workers in the coal mines are very much susceptible to get effected with pneumoconiosis (black lung disease), which results from exposure to coal dust. Underground fires in many mines across the world release very toxic fumes to the air and might cause the above-ground to collapse. 

			Significant shift from coal

			Many countries have transitioned away from coal in order to meet global climate aspirations. Many transitions are also happening in order to switch to cleaner fuel. The amount of carbon dioxide generated by burning coal is much higher than the combustion of natural gas. Natural gas, in addition to the generation of electricity, is also used as a fuel in many of the countries across the globe.
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