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Coal has been in the making for millions of years. Throughout American history, coal has been an important and very necessary source of energy. However, since the 1970s, the United States' production and consumption of coal has remained steady despite the abundance of coal found in the United States. This trend is primarily due explained by the multitude of environmental protection acts passed during that era. Because the burning of carbon emits carbon dioxide, sulfur, nitrogen oxide, and mercury, there has been much concern about the effect of these pollutants on the environment (“Coal Energy”).  Carbon dioxide has been implicated in contributing to the greenhouse effect and global warming (“Coal Online”). In addition, the nitrogen oxides emitted can create smog while the sulfur dioxide, when combined with water, produces acid rain, which, in turn, adversely affects vegetation and water supply (“Coal Energy”). During the 1990s, an increase of 11,700 million metric tons of gas per year of carbon dioxide was found in the atmosphere (United States). The Clean Air Act, among other environmental acts passed during the seventies, has imposed strict regulations on the amount of these potentially harmful substances that are allowed into the atmosphere. Due to these regulations, the coal industry has needed to develop new ways to provide clean coal that will not disrupt the environment. 
            Today, coal is used for a variety of purposes. According to the Energy Information Administration of the United States Government, the two largest consumers of coal are electricity-generating plants and industries, including those for "cement, chemicals, paper, and primary metals" (“Coal Demand”). Electric power plants generally burn the coal to make steam, which makes turbines rotate, thereby generating electricity (“Coal Energy”).  Coal is also used for steel production and for export.   

            Coal can be tested and classified in various ways. Essentially, coal is vegetation that has decomposed. Microorganisms act upon this vegetation over time and gradually the process of coalification occurs (Buecker). Crucial to the process of coalification are pressure and heat. Pressure and heat determine the extent to which the coal loses oxygen and hydrogen. These factors can be used to classify the coal and determine its rank and usefulness. 

            The first rank in the process of coal formation is peat. Peat describes the stage between plant and coal that the vegetation endures. Peat can be light-colored with accompanying pieces of plant matter or it can be a black material that resembles coal. It takes one hundred years for a two-to three-inch layer of peat to form. 
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            With more compression and heat, peat becomes lignite, the next stage in the process of coal formation. Lignite is considered to be coal, though plant material is still present in its samples. It is comprised of about 70% carbon and 25% oxygen and is brown in color and crumbly in texture.  Lignite contains only 50% carbon and emits 14,653 to 19,305 kilojoules per kilogram when heated in a moisture-free and ash-free environment. Though lignite is the easiest coal to ignite, it produces significantly less heat than both anthracite and bituminous and releases great amounts of smoke when burned, making it an uncommon choice of fuel.
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            The next type of coal is subbituminous. It is comprised of about 75% carbon and 20% oxygen. It is usually classified by its energy content and can cause explosions in coal-grinding mills and in storage piles due to its high volatility. 

          Bituminous coal, the next rank of coal, is the most common fuel for coal-fired boilers. Although it contains less carbon than anthracite and produces some smoke, it provides a substantial amount of energy and ignites and burns fairly quickly. In addition, it possesses the appropriate properties to be useful in steel production. Unfortunately bituminous coal contains sulfur, which, when burned, contributes to air pollution.

The most mature and highest rank of coal is classified as anthracite. It is not subject to spontaneous combustion and is hard to ignite.  However, once lit, anthracite burns very well, producing a lot of heat and only trace amounts of smoke or odor. Physically, anthracite can be recognized because it is black, shiny and very hard.  Its physical and chemical characteristics result from anthracite’s chemical composition being nearly one hundred percent carbon (Oxlade). Because it is found in few places, it was not and is not used heavily in the United States. In fact, it was only used to heat homes during part of the nineteenth and twentieth centuries (Buecker).

One can classify coal by its physical and chemical properties, which include moisture content, amount of volatile matter, ash content, fixed-carbon content, calorific value, grindability, porosity, and density. One important method of classifying coal is to measure a sample's moisture content. This is determined by heating a sample of air-dried coal at 105-110 degrees Celsius until the weight of the coal is constant. In general, the amount of moisture decreases as the rank increases.  The amount of moisture in the sample is important because it affects the method of storage for coal and reduces the coal’s calorific value (“Coal utilization”).

Yet another factor that can be analyzed when classifying coal is the amount of volatile matter contained within the coal sample. Heating the coal to 950 degrees Celsius and determining the change in weight is the method commonly used to determine the amount of volatile matter in the sample. The amount of volatile matter affects the sample’s ability to ignite.

The ash content of the coal can also be used in chemical analysis. Coal contains many minerals that turn into ash when burned.  The remaining ash is usually a mixture of clay and other impurities. This becomes very important at high temperatures when some coal ash becomes sticky and creates molten slag (Buecker). This effect affects the type of equipment that must be used when burning coal.

The fixed-carbon content is yet another factor that needs to be considered when classifying coal. The fixed-carbon content is the amount of solid residue that is present after a coal sample is heated. It is determined by subtracting the amount of moisture, volatile matter and ash from the sample. A high fixed-carbon content means that the coal takes a longer time to combust.

Calorific value is an especially important characteristic of coal because it is the amount of chemical energy that is stored in coal and that is released when the coal is combusted. It is directly related to the coal’s rank and is often measured in British thermal units or in megajoules per kilogram. Coals below the rank of bituminous coals are classified by calorific value by the American Society for Testing and Materials. Calorific value also determines the usefulness of coals as fuel. 

When classifying coal, physical properties can also be considered. For instance, one form of testing the properties of coal is by measuring the grindability of coal. The grindability is merely the coal's resistance to crushing. This is often affected by the moisture, ash content, and density of the coal. Bituminous coals are more easily ground than lignite and anthracite coal. To measure the grindability of coal, the Hardgrove test is used, which involves grinding a specially prepared coal sample in a laboratory. The percentage of coal that can pass through a certain sieve is used to calculate the Hardgrove grindability index or HGI. 

           Other factors that can be considered in coal analysis are porosity and density. The porosity of coals is also important because it determines the rate of reaction. Density is important in determining the amount of volatile matter present in the coal sample. 

            In analyzing the physical characteristics of the provided sample of coal we have observed that it is gray in color, non porous, and hard in texture.  Therefore we conclude that the sample is anthracite coal, the type of coal with the greatest percentage of carbon.  Anthracite coal contains anywhere between 86% and 98% pure carbon (Perry’s, 27-4). 

            To further support our observations, we tested the sample of coal chemically.  A summary of our results is provided in the following table:

Table 1.1

	Chemical and Physical Analysis Test
	Results

	Density Test 
	1600g/L; The coal is very dense and justifies that the coal is of anthracite rank 

	Hardness Test
	4 on the Moh’s Scale

	Carbon-Content Test
	Inconclusive; see explanation Appendix, page 

	Ash Content Test
	Inconclusive; proper heat source unavailable

	Moisture Content Test
	

	Calorific Value Test
	Inconclusive; bomb calorimeter unavailable 


            In our world today, 5,800 million short tons of coal are used annually and 40% of world electricity production is reliant upon coal fuel.  The United States uses about 20% of this coal, of which 90% is used for electricity generation.  In this process, pulverized coal is burned to heat water in a boiler, which is sufficiently heated to produce steam.  The steam then is used to spin turbines, connected to generators, which then produce electricity.  During this process 65% of the coal energy is wasted on the surrounding environment.  At the rate with which the world uses current coal reserves, there may only be a three-hundred-year supply left (Oxlade, 14). 

            Currently, fuel cell technologies, which would increase production efficiency by minimizing heat loss, are being researched.  These fuel cells would utilize any oxygen-ion carrier.  Another idea is to use coal as a gaseous fuel, in which pulverized coal can be carried in a gaseous carrier such as nitrogen.  

            One disadvantage of using coal as a fuel is the production of smog, which is smoke that contains micro particles of unburned carbon.  Smog is a health hazard when inhaled.  To minimize the output of smog, one suggested process is to burn powder coal that has been pelletized.  These pellets of coal are produced by introducing an organic or inorganic binding agent, such as sodium silicate.  The heat output of this process is very high and efficient. In addition, the process minimizes the release of smog.  Another way to minimize smog is to heating bituminous coal sufficiently to rid it of any smoke-causing substances, but not allowing it to burn.  Yet another alternative process is to use anthracite coal, which produces almost no smoke.  The only negative aspect of using anthracite coal, however, is that anthracite coal is more difficult to find and requires more heat to ignite (Oxlade, 28).    

            The 10% of coal that is not used for generating electricity is used as coke.  Coke is produced by heating bituminous coal in a very hot, oxygen-free environment (1,000 C).  By doing so, the coal does not burn, but rather emits many of volatile gases.  In the process, carbon and ash are fused together.  This dark, gray, porous solid material is then used as a raw material and as a reducing agent in the production of both iron and steel. The coke acts to separate the iron from the ore, leaving pure iron (Oxlade, 20).  

            Residual byproducts of the coke production are further used as coal tar, fuel and pitch.  Coal tar is an oily liquid that is used in skin soaps to cure several skin problems.  Coal tar is also used in plant fertilizers.  Coal fuel is used as barbecue fuel because it produces little smoke and harmful toxins.  Pitch is a black, waterproof solid that is used in construction of buildings and roads to prevent water leakage.  


Coal can be made a better fuel by liquefaction. The process of liquefying coal has been relatively unknown for many years. However with the rising price of oil, many countries are reevaluating the use of this process. It was first developed in the early twentieth century, but was not used due the superfluous oil supply. The process was considered inefficient because of the abundant oil supply that was present during these time periods. Coal liquefaction is simply converting solid coal into liquid fuels. This process has two routes, direct and indirect. The direct route was developed as a commercial process during the World War II era in Germany and produced approximately 90 % of fuel for the war effort. The direct process involves the mixing of coal with recycle solvent to form slurry. The slurry, which contains about 40 % coal, is heated to about 450 degrees Celsius in a pressured container filled with hydrogen. The intense heat and high pressure allows the bonds in the solid coal to break and become less rigid, which is characteristic of a liquid. In addition to this ideal chamber, many catalysts are added to further enhance the process. A general rule of thumb for the direct process is that a ton of coal yields about a half a ton of liquid. However, this liquid must go through further purification before it can be used as a fuel (James). 


The indirect coal liquefaction process was developed by Franz Fischer and Hans Tropsch in Germany. The process is indirect because the coal must first go through the process of gasification, in which the structure of the coal is completely broken down, and then is reacted with an F-T catalyst to form a liquid hydrocarbon. The first step of this process involves the gasification of coal. Next the catalyst converts CO and H2, into CH2 chains at the condition of 1 atmosphere and a temperature range of 250 to 200 degrees Celsius. Specifically, the catalyst uses H2 to reduce CO to CH2 groups, which are linked together to form hydrocarbon chains. The overall process can be summarized by the following reaction:


2 CO (g) + H2 (g) ( (-CH2-)n (l) + CO​2(g) (Chemical Education Group, Purdue).


As these processes suggest, coal can be used in a more practical manner. At first, coal could only be used in rather large machines that could adequately hold and burn the coal. Now, with these processes, coal can be converted into a liquid and be used more readily, in forms such as gasoline. In addition, with the rising prices of oil in the current market, coal liquefaction will prove to be a smart approach to the dilemma. However, biofuel may also be an alternative source of fuel in the future. 


Biofuels are fuels that are harvested from biomass - anything that came from plants, which includes garbage, crops, and waste. The current technology can convert biomass into valuable sources of fuels in addition to chemicals and materials (“Coal Demand”). The two most common types of fuel, as suggested by the NREL, are ethanol and biodiesel. Both of these fuels are derived from some sort of plant. Ethanol, also found in alcoholic beverages, is a byproduct of the fermentation of biomass. The most abundant source of biomass that has fermented ethanol is starch and sugars, which can be found in corn. Currently, ethanol is being used as a mixture with gas, E85, 85 % ethanol and 15 % gasoline. According to Current Science ethanol comes from a renewable source, biomass, which gives it a market advantage over nonrenewable fuels such as gasoline. Moreover, ethanol will burn much cleaner than coal because it emits less CO2 and thus reduces the air pollution caused by other fuels. The article also suggests that newer technology will enable us to use all sorts of plants to make a special type of ethanol, cellulostic ethanol. The advantage of cellulostic ethanol is that any plant can be used to make it. For regular ethanol, corn is the only plant that can be used to produce this fuel. (Jozefowicz ).  Biodiesel is another type of biofuel that is made when combining ethanol with vegetable oil, animal fat, or recycled grease. It can be used in its pure form in diesel engines. Similar to ethanol, biodiesel is often mixed with diesel fuel before being pumped into the tank. However, many researchers and scientist agree that ethanol is currently the best biofuel due to the many problems that accompany biodiesels. For example, biodiesel will gel up at lower temperatures causing engine problems. In addition most of the fuel being used for transportation is gasoline, which ethanol will replace. On the other hand, some researchers feel that biodeisel’s benefits outweigh its inconveniences. Biodiesel emits 10 % less pollutants than conventional diesel and consists of 11 % oxygen by weight, which will allow the fuel to be extremely efficient at burning. In addition, biodiesels emit less carcinogenic soot than conventional diesel (Schmidt).


As the future approaches, the supply of energy and fuels is often called into question. A variety of fuels will need to be used in order to meet the rising demand for energy. However, in light of new technologies in development, it is clear that both coal and other biofuels will be a crucial part of fueling tomorrow. 

