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			Preface

			The book tells you how much coal is more important to our country and our future uses. Like we have told you all these things in the first chapter, how the coal was originated and how its types are divided into various groups according to the uses.

			If you do not know about it, that is the importance of coal 80 years ago, 90% of the industrial power was the source of coal. Before the second world war, our country depends 66% on the source of coal.

			On the strength of coal, Germany has made rapid business progress from the United States and the former Soviet Union. Coal is one of the best examples to generate and continue a friendship with China also.

			We will explore everything in detail with lots of examples and case studies about coal utilization and coal resources. Suppose we are talking about the present time. In that case, coal provides 40% energy or strength towards an economy in different ways like electricity or power generation.

			Nowadays, coal is used for petroleum and raw material. We will also explain everything in detail in this book ‘Coal Ecology.’ We try to enhance your knowledge regarding these all things. We try to portrait everything regarding coal uses in a crystal clear manner.

			The way in which we know that coal is not only used for obtaining energy but also in more ways is leading the progress of our country.

			We have also explained different types of coal uses and explain their process. Nowadays,s carbon has ten thousand types. We talked about them in detail and their importance, and how they can be used in the future. Even discussed the coal for benefits of economy and society both. All things are explained properly so that anyone can easily understand them. We also discussed the process of consuming coal mining without causing any hazardous effect on the environment.

			We have discussed many environmental effects and types of pollution because of it. Due to this, lots of harmful effects damaged every human being. Here, you will get almost everything related to coal, its mining, pollution, and so on.

			We all know coal is also known as a ‘black diamond’ because of its uses and benefits.
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			Chapter 1. Origin Of Coal

			1.1	Abstract 

			This chapter has all the information so that your knowledge can be enhanced, and we can give you every single detail about this topic. In this chapter we try to exarate your interest in this topic with some interesting fact and knowledge, that upgrade your skill and give your basic detailed about these things.

			In this chapter, we will study coal how this is generated? What are the sources of this Origin? And many interesting facts that you need to know.

			1.2	Overview

			In this Coal, Ecology covers various facts and considers the interrelation between the Ecology and Coal and enhances your skill about resources and development.

			The selection first tackle about ‘origin’ and their types basically covers the very basic detail about Coal Ecology. We discussed everything like Coal utilization, Types of Coal, Impact on Environment, and many more. 

			This selection is a dependable guide for scientists, students, or researchers interested in the study of Coal Ecology.   

			1.3	Types of Coal

			We can say that coal takes millions of years to form. It is available in combustible black or brownish-black sedimentary rock with a high amount of carbon and hydrocarbon. It is also classified as a non-renewable energy source because it takes millions of years to form.

			

			One interesting fact about coal is plants’ energy because they lived hundreds of million years ago in a swampy forest.

			A thick layer of rock and a very large amount of dirt covered the plant for many years, and as a result of that, heavy pressure and heat change the plant into one substance that we call coal.

			So, this thing about basic information of coal now we talk about the types of coal. We also discussed their various types in detail on what basis they all are divided?

			Coal is basically classified into four types. And these four types divided in following ways-

			Anthracite – This is the first type of coal. It contains 86% to 97% carbon. Generally, it has the highest heating value of all the coal types; this type has the highest heating value.

			Anthracite accounted for less than 1% of the coal mined, according to the United States in 2019. You will find most of the Anthracite mines in the United States in North-eastern Pennsylvania if you talk about the United States, mostly anthracites used by the metal industry.

			Bituminous – if we talk about Bituminous, it contains 45% – 86% carbon. Generally, you are found very old Bituminous coal in the United States between 100 and 300 million years old. Bituminous coal is the most available rank of coal found in the United States. And it was also accounted for about 48% of total U.S Coal Production in 2019.

			If we talk about the uses of bituminous coal, so this coal uses for many purposes; firstly, it is used for generating electricity. And if talking about another important thing about Bituminous Coal is that its important fuel and raw material for making cooking coal and it is also using in iron and steel industry.

			This one of the important coals is mainly produced in nineteen states (19). Most important thing five countries are mainly accounted for 75% of bituminous production.

			It is harder and blacker than lignite and sub-bituminous coal. It can be divided into types also; one is thermal, and another one is metallurgical. Because of this combination, 52% of the world’s coal reserves and consider for most of the coal industry.

			If we talk about thermal coal, it is simply clear with their name ‘thermal’ used in energy generation heating.  And let’s talk about another advantage of this thermal coal. It is also used for cement manufacturing and other industrial purposes.

			Now we talk about; Metallurgical coal is primarily mixed with the iron ore to produce iron and steel.

			Lignite – This coal is the youngest type of coal deposit. If we talk about texture, then it is in soft texture and ranges in color from black to brown. If we discuss its benefit, it is beneficial for electricity generation and considers 17% of the world’s coal reserves.

			Subbituminous Coal – It is the result of million years of continued pressure and high temperature on the lignite. It also burns cleaner than other coals, producing less greenhouse gas emissions due to its low sulfur content. Subbituminous coal is used in electricity generation, and it is also used in industrial processes. And one of the most important things about this coal is it reserves 30% of the world’s reserves.
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			Fig. 1.1 Types of coal
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			1.4	Benefits of Coal Mining

			In the U.S, some laws are formed due to coal mining that dust and water runoff from many areas affected by coal mining operations. And this steps or operation is doing for best result to remove these all condition as soon as possible and try to make these areas in their original condition.

			We all know that coal was derived from plants that come from three principal sources. First thing, or we can say that first thing is Lignite’s, the lowest coal rank, it also contains recognizable plant remains.

			Energy fuels what is possible: the freedom to go where we want, live where we choose and enjoy the things we love the most. A reliable energy supply can feed the hungry, take care of the sick, and ensure a prosperous economic future for society. It promotes freedom and independence around the world and right here at home. Fossil fuels are key in providing reliable, affordable energy. Mining done right as regulated by federal and state laws provide over 40% of our electrical energy nationwide.

			The United States has the means to lead the world in energy production. Through American ingenuity and innovation, responsible production of reliable energy will make the world safer, our environment cleaner, and each and every citizen more prosperous.

			Combating Energy Poverty –energy helps us maintain our quality of life, and it’s the key to helping those in developing countries improve their7:10

			Economics Freedom leads to clean air – Statistics from the World Health Organization on air pollution.

			Navajo Nations– Coal-based energy brings jobs and livelihoods to people across the country, often in the most needed places.

			Energy Powers life – Using abundant, reliable, and affordable natural resources contributes to living longer, reducing poverty, and improving our quality of life.

			Mining is essential to the production of goods, services, and infrastructure that improve our lives quality.

			

			As a developed society, we are fortunate to enjoy the many benefits that lignite, uranium, and industrial minerals provide. These benefits include low-cost, reliable electricity and the materials necessary to build our homes, schools, hospitals, roads, highways, bridges, and airports.

			There is some important economic growth that happens due to coal mining worldwide to provide a more advantageous result for future purposes.

			Mining is important for every American, not only for the raw materials it provides but also for its positive impact on our economy. Many mining jobs are located in rural Texas, meaning the mining industry provides an economic boost in communities that need it most. This enhances residents’ quality of life, supports local businesses and schools, and contributes tax revenue to local governments.

			The Texas mining industry utilizes advanced technologies and techniques to safeguard the environment and minimize environmental impacts.

			 Modern mining methods have a proven and positive track record. They are designed to minimize disturbance to the land, vegetation, water, air, natural habitat, and surrounding communities. 

			Reclamation and restoration programs are subject to an open, comprehensive, and exhaustive permitting process and often exceed state and federal environmental laws.

			◊	Coal is available in ample amounts in various places, thus makes it easy to access through mining. Hence people rely on it to produce energy. 

			◊	It’s easy to store. It can easily be stored after mining without any fire or explosion hazard like there is with oil and gas. 

			◊	It’s easy, less expensive to convert coal into energy. 

			1.5	Coal Sampling and Analysis

			If we need to analyze the coal, then coal sampling is taking place. We all know coal is highly heterogeneous; it consists of particles of various shapes and sizes. Each particle has different physical characteristics and chemical properties, and residual ash content. 

			

			Coal sampling is performed whenever there is a need to analyze the coal. Coal is highly heterogeneous, consisting of particles of various shapes and sizes, each having different physical characteristics, chemical properties, and residual ash content. Sampling is further complicated by the sampling equipment available, the quantity to be represented by the sample mass, and the degree of precision required.

			Besides, the coal to be sampled may be a blend of different coal types. How the coal is blended profoundly affects how a representative sample is obtained. Coal sampling protocols must satisfy the general principles of sampling to provide material, which, when analyzed, will provide results that are representative of the lot sampled. National and international standards have been developed to provide guidelines for coal sampling procedures under different conditions, sample preparation, and bias test procedures to obtain unbiased samples.

			The selection of a sampling method depends on factors, such as the sampling purpose, accuracy desired, accessibility of the site, and the technical, economic, and time constraints. Mechanical sampling from moving streams is the preferred method for sampling fuels. In contrast, manual sampling should always be avoided whenever possible. The best sampling location from a moving stream is at the conveyor belt or chute discharge point. The complete stream can be intersected at regular intervals. Coal samples can also be taken from a moving conveyor belt.

			Sampling from stationary coal, such as a coal storage pile or railcars, is sometimes necessary – but is problematic. Automated mechanical sampling systems have now gained widespread application. Modern mechanical sampling systems include some degree of preparation of the coal sample. They are designed to accommodate the installation of an online coal analyzer within its subsystem. To ensure a sample is representative, correct sampling and preparation procedures should be followed and certain rules adhered to. Modifications to the standard procedures may significantly affect the precision of the final results, leading to disputes between the seller and the customer.

			

			The type of analysis normally requested by the coal-mining and coal-consuming industries may be a proximate analysis and/or an ultimate analysis, together with one or more of the miscellaneous analyses or tests.

			Due to coal’s heterogeneous nature, several analytical techniques are needed for its characterization to predict its behavior during applications such as coal combustion accurately. The analyses need to be sufficiently accurate to preclude negative scientific or economic consequences. Coal tends to gain or lose moisture and to undergo oxidation when exposed to the atmosphere. Also, many of the test methods applied to coal analysis are empirical; it is, therefore, necessary that all coal analyses follow some procedural guidelines to obtain reproducible results. In other words, there is a requirement that reliable standard test methods be applied to coal analysis.

			Furthermore, the significant volume of coal traded among coal-producing and coal-consuming countries means that cross-referencing standards for coal sampling and coal analysis accepted by sellers and buyers are necessary. As a result, international and various national standards for coal sampling and evaluation have been well established. Strict adherence to the standard procedures is necessary to obtain repeatable and reproducible results.

			Conventional coal test methods are well established and are widely used in laboratories worldwide. However, these methods often involve wet analysis or typical laboratory bench-scale apparatuses and can be time-consuming. There are many relatively new approaches, usually based on modern, sophisticated instrumentation, that have been shown to have wide applicability to coal analysis. Several such instruments are fast and can simultaneously determine carbon, hydrogen, and nitrogen, and/or other elements in various samples. The use of instrumental analytical techniques has grown rapidly in recent years, and instrumental analysis is now widely applied to analyze coal and coal products, particularly in online coal analysis.

			The commonly used instrumental techniques for routine coal analysis mostly involve spectroscopic methods, such as x-ray spectroscopy, electron microscopy, atomic spectroscopy, mass spectrometry, and neutron activation analysis. Instrumental analytical techniques enable coal tests to be carried out in situ. The coal is mined, processed, transported, or utilized.

			Online analyzers provide an automatic, fast, relatively accurate, and instantaneous coal analysis method for pricing, quality or process control, and SO2 emissions control. These analyzers apply a wide range of technologies, including nuclear, microwave, ultrasonic, and optical, to deliver an appropriate online solution.

			1.5.1	Coal Sampling 

			Coal is an extremely complex, heterogeneous material that exhibits a wide range of physical and chemical properties. The rapid increase in coal utilization in the twentieth century led to the development of several test methods for coal analysis to correlate coal composition and properties with its performance and behavior during applications such as coal combustion and gasification. Over the years, new methods are continually being developed. The accepted methods are modified/optimized to increase the accuracy of the technique and the precision of the results. However, it is only by assiduously careful analyses of coal that the various aspects of coal usage can be achieved in an effective and environmentally acceptable manner.

			Coal sampling is fundamentally important to the exploration, production, and utilization of coal. All testing and analysis results are derived from samples. This chapter gives an overview of the scientific basis of sampling based on two key characteristics of coal; particle size and particle density.

			1.6	Coal Resources and Reserves

			Coal resources still make up a significant proportion of the world’s energy supplies. Coal resources are estimated to be 860 billion tonnes. These resources are geographically well distributed, and current production provides fuel for 29% of the world. The classification of coal resources and reserves has been redefined in recent years, with the standards and codes of practice adopted by the principal coal-producing countries equated globally. Details of the principal classifications are given, together with their international equivalents. Reporting of resources and reserves plus calculation methods are also given, together with recent assessments of global coal reserves.

			Comprehensive coal evaluation programs are formulated to identify and assess a coal’s metallurgical (coking) or thermal properties regarding expected utilization behavior, environmental implications, and value. This chapter covers the range of tests for coal analysis evaluation only.

			As with primary energy consumption, the three largest consumers of world energy in 2001 were the United States, Russia, and China. These countries consumed approximately 97, 28, and 40 quadrillion Btu, respectively, in 2001, accounting for about 41 % of the world’s total energy consumed. When Japan and Germany are included, the five largest consumers of primary energy in 2001 accounted for nearly 50% of the world’s total. The next five leading consumers were India, Canada, France, the United Kingdom, and Brazil, which accounted for an additional 13.5% of world energy consumption.

			The United States consumed over 97 quadrillions Btu, by far the most of any country; however, on a per capita basis, Kuwait was the largest consumer in the world, with 467 million Btu consumed per person, followed by Canada (403 million Btu/person), the United States (342 million Btu/person), and Australia (255 million Btu/person). Lists per capita energy consumption for the regions of the world along with selected countries. By region, the per capita energy consumption ranges from about 277 million Btu/person for North America to 15 million Btu/person for Africa.   

			China’s use of 1.4 billion short tons made it the largest consumer of coal in 2001. The United States consumed 1.1 billion short tons, followed by India (360 million short tons), Russia (284 million short tons), and Germany (265 million short tons). These five countries accounted for 64% of the world’s coal consumption in 2001.

			

			1.7	Formation of Coal

			The majority of fossils recovered in Cape Breton can be traced to coal areas or coal fields. Fossils have been found, ranging from whole or partial tree trunks and branches to shrubs and vine growth. Evolution dates back to pre-historic times –approximately 325 million years ago when the region was covered in lush, dense vegetation.

			Coal beds consist of altered plant remains. When forested swamps died, they sank below the water and began the process of coal formation. However, more than a heavy growth of vegetation is needed for the formation of coal. The debris must be buried, compressed, and protected from erosion. Even though all the biological, geographic and climatic factors may be favorable, coal could not be formed unless the plant debris was submerged and buried by sediments.

			There are four stages in coal formation: peat, lignite, bituminous, and anthracite. The stage depends upon the conditions to which the plant remains are subjected after they were buried – the greater the pressure and heat, the higher the rank of coal. Higher-ranking coal is denser and contains less moisture and gases, and has a higher heat value than lower-ranking coal.

			1.7.1	Carbonization of Coal

			Some of the organic components of coal have Fusion Properties (REACTIVE) when heated, while others do not (Non-Fusible or INERT). The ability of a Coal to swell and melt on being heated and to form a Coherent Residue on cooling is called Caking. Therefore, coal is called Caking or Non-Caking, depending on its action when heated in the absence of air. When coal softens and solidifies into a Cake, under such heating conditions, it is Caking or Coking Coal. Still, when it crumbles or forms a weakly coherent mass, it is called Non-Caking Coal.

			

			Carbonization 

			The destructive heating of coal in the absence of air, with Coke’s production and the evolution of Volatile products, is carbonization. 

			Coking & Non-cooking Coals: Lignite’s / brown coals and Long-Flame Bituminous coals are two Coals classes that are Non-cooking Coals with properties like – Immature Coals, Non-Coherent nature, Vol. Matter - > 40% & F.C.

			If we simply define carbonization, this term is used to denote the heating of coal in the absence of air; under this process, the volatile matter is removed (V.M.) because volatility is higher in hydrogen content than the basic coal. The basic coal increase in carbon; hence it is called Carbonization.

			Low-Temperature Carbonisation

			(400 – 800 degrees C) 

			Objective: - Production of Semi-Coke (Primary Objective); especially suitable for Domestic Fuel or Boiler Use. 

			Products: 

			1.	Semi-Coke or Char 

			2.	Tar -- the most important By-product of Low Temp. Carbonization 

			3.	Light Oil 

			4.	Other products -- some Gases, Benzene, and Tar acids.

			High-Temperature Carbonisation 

			In this process, the chief aim is to have very little Volatiles in the Coke.

			Generally, the V.M. content of Cokes formed by the process ranges from 2.5-3.0 %.

			 Coke is coherent, hard, dense, silver-grey in color, and can neither be ignited nor crushed easily.

			The product is known as – “Hard Coke.”

			Production of Metallurgical (Hard) Coke through high-temperature carbonization process can be through: 

			1.	Bee-hive Coke-oven Process (An older process which had a total loss of By-Products, later replaced by)

			2.	By-product Coke-oven Process

			 Construction: 

			Ovens – which are long, narrow insulated refractory structures with removable doors at each end and charging ports in the roof.

			 Ovens – are arranged in batteries of 30-100 ovens side by side.

			 Coking through Fuel gas circulating through Heating flues in walls (1150- 1350 deg. C)

			 The capacity of Each Oven – 4-20 tons per charge

			 Cooking Process: - 13-48 hrs.

			[image: ]

			Fig. 1.2 Schematic Diagram of Coke Oven Battery
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			Coke-Oven By-Products

			 Carbonization - produces Metallurgical Coke (as Main Product)

			 Principal By-products: 

			1.	Coal Gas (Mixture high in Hydrogen + Methane; some C.O.)

			

			2.	Ammoniacal Liquor – converted by reaction with H2SO4 to Ammonium Sulphate (used in Fertiliser or as a Fire retardant) 

			3.	Crude Benzol (C6H5OH) – a mixture of Benzene, Xylene & Toluene; used in Plastic Industry)

			4.	Coal Tar

			1.8	Coal as a Source of Energy

			◊	The cheapest source of energy.  It is by far cheaper than nuclear, natural gas, oil.  Hydro usually will be slightly cheaper.  However, problems with hydro include no new facilities because of public outcry when river valleys are dammed; and peak demand time problems (rivers running dry in the dead of summer when peak air conditioning is needed and rivers are frozen in the dead of winter when peak heating is needed).

			◊	Coal also provides a stable energy source (no Arab oil embargoes, no sudden scarcity like you experiences with natural gas), and there is a very plentiful supply both in the U.S. and in other foreign countries.

			◊	Coal is nothing more than ancient wood, which has been under pressure for millions of years.  It is not sinister as you may have been led to believe.

			◊	Coal provides many jobs.  Unlike other forms of energy (nuclear, natural gas, oil, hydroelectric), coal provides many jobs in removing coal from the earth, transporting it to the utility, burning it, and properly disposing of coal ash.

			◊	Coal is American-made.  We do not have to import this product into this country.

			◊	Coal can be mined and burned with little environmental impact.  There have been tremendous strides in environmental responsibility with mining coal and burning coal.  However, there still is the pressure of global warming.  If we burn fewer fossil fuels, what, as a practical matter, is our energy alternative?  Nuclear?  Hydro?  Solar (there is no practical way to provide the massive amounts of electricity needed to run our country through solar energy---it is viewed as impractical at this time)?

			◊	Coal mining reclamation can give the surface landowner many more options for developing his land.  In the mountainous terrain, a mining process called mountaintop removal can create valuable and useable level land for the surface owner.

			◊	The surface owner not only gets his land developed; he usually is paid 50 cents a ton for the inconvenience of the use of his surface.  Surface mining cannot occur without the specific consent of the surface owner.  If the surface owner is lucky enough to own the coal rights, he’s looking at another $2.00 a ton for royalty payments. 

			◊	In 1977 the federal Surface Mining Law was passed that required coal operators to reclaim the land in an equal, if not better, a condition that existed before mining.  We’re doing an excellent job with our reclamation efforts.

			◊	This is the website of the federal agency that oversees coal mining from an environmental standpoint.

			The prudent use of coal will allow the U. S. the time needed to develop viable alternative energy sources---primarily solar technology and fuel from grain---without any negative impact on our national economy.

			Coal provides 56% of the electricity used in the nation each day.  It provides 95% of Kentucky’s electricity.  Electrical rates in Kentucky are the second-lowest in the nation---because of coal.

			Coal is good for Kentucky’s economy.  The Kentucky coal industry brought $3.1 billion into Kentucky from out-of-state during Fiscal Year 1996-97 through coal sales to 29 other states and 15 foreign countries.  It paid over $800 million in direct wages in Kentucky, directly employing over 19,000 persons and indirectly providing an additional 60,000 jobs.  In addition to all the normal business taxes, the coal industry in Kentucky paid an additional $160 million in severance taxes.

			The terms coal resources and coal reserves are commonly misused and mistakenly interchanged. Coal resource is a more general term that describes points (¼ mile for “measured,” ¾ mile for “indicated,” 3 miles for “inferred,” and >3 miles for “hypothetical” reserves). The speculative category applies where a geological setting likely to contain coal has not yet been explored. State geological surveys working in cooperation with the USGS have been encouraged to adopt this system.

			1.9	Summary

			There should be renewed support for advanced coal mining and processing research and development to optimize the use of the nation’s coal resources by increasing the amount of coal that is economically minable through technological advances that accommodate health, safety, and environmental requirements. The focus of this R&D should be on increased integration of modern technology in the extraction and processing phases of coal production, with particular emphasis on emerging advances in materials, sensors, and controls, monitoring, and automated mining systems.

			1.10	Inquiries

			◊	Can we continue to use fossil fuels, or must mankind adapt and find better, more sustainable ways to produce energy? Which ones and how fast? Any Ideas?

			◊	What water quality is used in underground mining operators?

			◊	What are 3 interesting facts about coal?

			◊	How does coal affect the environment?

			◊	Why is coal bad for the environment?

			◊	Is coal environmentally friendly?

			◊	Can’t coal help reduce our reliance on oil?

			◊	What role can coal play in a cleaner, healthier energy future?

			◊	Don’t we have a 250-year supply of coal right here in America?

			

			◊	What is new coal technology?

			1.11	References

			Jack Voncken, Cellular Senescence (2020), pp-25-40. DOI: 10.1007/978-3-030-18286-1_2

			Stephen L.Bend,(1992) The origin, formation and petrographic composition of coal. Fuel Volume 71(8), pages 850-870. DOI: 10.1016/0016-2361(92)90234-F
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