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Coal is a fossil fuel that many people today depend on in their everyday lives. Throughout the years, the usage of coal as a power source has both depleted its surplus and greatly contributed to pollution. Industries have become reliant on coal as a cheap and efficient form of energy, but the discovery of more efficient alternate sources of energy creates the potential to decrease the U.S.’s dependence on coal. Utilities previously powered by coal have remained that way, with no significant change in the consumption of coal. Coal could be replaced by alternative energy sources—such as biomass—but its usage has remained steady due to tradition and price considerations. 

In present day, more than half of the electricity used in the United States is still generated by coal. Other than electric utility companies, corporations with their own power plants also generate electricity with the use of coal. Power plants burn coal to create high pressure steam that is used to drive turbines. Mechanical energy of the rotating turbines is then converted to electrical energy, thus providing electricity to the power plants. A significant percent of coal is also used by various industries. These industries use coal’s heat and by-products, such as methanol and ethylene, to produce their own products. Some of these products include plastics, tar, synthetic fibers, fertilizers, medicines, concrete, paper, etc. Among the numerous industries that use coal, the steel industry is by far the most dependent on coal. Coke, a solid carbon derived from baking coal in hot furnaces, is used to smelt iron ore into iron to make steel. The carbon in coal and the high temperature created from the use of coke are the two main components that provide steel with strength and flexibility for products such as bridges, automobiles, and buildings. Although coal is an important domestic fossil fuel, it is also exported to many different countries like Canada, 8 Brazil, the Netherlands, and Italy. Over the past ten years, however, coal exports have decreased while coal imports from other countries increased. Coal imports from countries like Colombia, Venezuela, and Indonesia are used to generate electricity in areas along the U.S. coastlines.8 According to the World Coal Institute; the use of coal in the world is increasing around 1.5% yearly. Nevertheless, the current usefulness of coal is not as much of a concern as the future of coal.12
Since coal is still being used in many corporations as an energy source throughout the years and even today, there are different types of coal that have been identified and are used specifically in corporations that fit its characteristics. Coal is generally characterized as a hard and opaque mineral; however, it does not begin in that state. The first stage of coal, peat, is purely a form of decayed vegetation. Peat, although not considered a type of coal, is the transitional stage between plant life and coal deposits. Its color varies from light-colored to black and it takes nearly one hundred years for about two inches of peat to form. In the United States, most of the peat produced is used as improvement for soil and fertilizers. After time, heat, and burial pressure, peat transforms into lignite.
1 Compared to the other types of coal, lignite is the most undeveloped coal with the lowest amount of carbon content, the lowest heating value, and the highest moisture content. Power plants tend to use lignite because it contains highly volatile matter that allows it to ignite easily. However, since lignite combusts readily, it is most prone to spontaneous combustion in coal piles. Through chemical and physical changes due to burial, lignite transforms into sub-bituminous coal. Like lignite, sub-bituminous coal is also highly volatile. It has a tendency to spontaneously combust when it is improperly stored in storage piles for a long period of time. Because sub-bituminous coal ignites easily in a boiler, it sometimes causes explosions in coal-grinding mills. Therefore safety devices and actions, such as cleaning the coal mills and installing well-designed inerting systems, are required in them. 1 The next rank of coal is bituminous; it is darker and harder than sub-bituminous coal. It has a high heating content and enough volatile matter to ignite rapidly in a boiler, but is less prone to spontaneous combustion. With bituminous coal’s unique qualities, steel industries choose to use bituminous for coke production. However, the significant sulfur concentrations in bituminous deposits are proven to have a negative affect on the polluted atmosphere. Lastly, the most developed and hardest type of coal is anthracite. Anthracite contains a low amount of volatile matter making it difficult to ignite. When anthracite coal does ignite, it produces an insignificant amount of ash and smoke. Anthracite coal has the highest percent of carbon which varies from 86% to 97%. After the nineteenth century and part of the twentieth century, anthracite coal has not been used as a significant energy source in the United States. 1



Further studies have given more insight to the physical and chemical properties of coal. Each coal has their own physical and chemical identities that can be observed through conducting experiments and labs. In general, during coalification, the changes in physical properties are color, texture, and density. Color gradually changes from light brown to black, and usually from dull to shiny. Texture changes from soft and fibrous to hard and granular. The density increases as the coals develop. Peat is the easiest to be identified out of the five ranks of coal because the original plant materials are still visible. Lignite, also referred to as brown coal, is a brownish black coal that is extremely brittle when exposed to air. Sub-bituminous coal has a waxy, dull black appearance. Bituminous coal is dense, dark- brownish black, and commonly banded or layered. Anthracite appears to be the blackest and lustrous out of all five ranks of coal. In addition, during coalification, changes in chemical properties also occur. The moisture levels decrease, the level of gases and tar produced when burned decrease, and the heating values increase when burned. When burning,
 anthracite gives off a pale blue flame.13 Needless to say, different characteristics of coal truly depend on coal’s origin like the location, environment, burial depth, etc. Thus, these features should be examined through various labs and experiments. 
In order to gain greater knowledge on the properties of coal, an experiment was created and conducted by the Pascack Valley H.S. Chemistry Olympics Team A. The objective of this lab is to identify two unknown samples of coal.  These two samples of coal are labeled before observations are conducted- one is sample A and the other is B. Both samples are observed with the naked eye and then with a microscope. The two samples are then broken down into several smaller pieces. A piece of sample A and sample B are placed into the oven to heat for 7½ hours at a high temperature of about 400 ºF. After heating, the densities of the two samples are determined by finding the mass and volume. First, both samples are massed on a balance. A graduated cylinder is then filled with 50cm3 of water and sample A is placed in it. The volume of sample A is calculated by subtracting the original volume of water by the total volume in the graduated cylinder including sample A. This displacement process is repeated for sample B. The densities of the two samples can be calculated with the formula density = mass/volume. Afterwards, the densities of the original unheated sample A and sample B are also determined. These physical properties of sample and sample B are compared to the known appearance and density of bituminous and anthracite coal. 
After conducting the lab, it is reasonable to state that sample A is anthracite and sample B is bituminous coal. The density of sample A is relatively close to anthracite’s density and sample B’s density is similar to bituminous coal’s density. In addition it is obvious that these samples cannot be peat, lignite, or sub-bituminous coal because of the major differences in their appearance. The appearance of sample A resembles the appearance of the lustrous dark anthracite. Sample B appears to be banded, rough, and less dark and shiny, just like bituminous coal. As stated before, physical properties of coal depends on coal’s origin. Thus, it can be assumed that the coals originate from different places due to the differences in the white, pink, and brown contaminants that complemented the coal samples. These contaminants can or cannot be a factor that denounces coal as the “dirty coal". Since bituminous coal is used incessantly worldwide, there must be various ways to make it cleaner. By removing contaminants and noxious residues of burned coal, coal can be, and already is, a viable source of fuel. 
There are many methods and techniques that are currently making coal a viable fuel today. The Clean Coal Technology Program is a technology advanced clean coal program that the federal government started in 1985. There are three main methods for controlling the emission of gas from coal. The fluidized bed coal combustion is a process used to reduce the acidity of sulfur dioxide gases released during combustion. Coal is burned in a limestone bed during the generation of electricity and the limestone bed absorbs the sulfur dioxide emitted by the coal during combustion. The second method is the furnace sorbent injection. Sorbent is a highly absorbent material, and the commonly used sorbent is powered limestone. In this method, powered limestone is placed into furnaces where it reacts with the acid gases emitted by the burning of coal. Then the used power is separated from the outtakes and is contained in an electrostatic precipitator, also known as a baghouse. The third method is the advanced flue-gas desulfurization. After coal is burned, the emissions are piped into a container called an absorber. The solution in the absorber, a mixture of lime, water, and oxygen, reacts with the acidic gases. This reaction forms gypsum, which is a soft white mineral that is used to make cement.
 Other methods of controlling gas emission involve cleaning the coal before burning it. Coal pollution can be reduced through selective mining of low-ash and low-sulfur coals. Thus, the concentration of ash, sulfur, and toxic elements of coal should be analyzed prior to mining. Before burning coal, undesirable materials should be removed to reduce emission of noxious gasses. The fly ashes and sludge can also be controlled by using smokestacks. In addition, when the residue of coal is released in the water, iron sulfide should be removed before water is discharged for use. 410


Despite the effort of finding ways to limit pollutants and clean up coal emissions, corporations are investing money on liquefying coal – thought to be the answer America’s question of the future source of fuel. The liquefaction process converts solid coal into synthetic fuel – any liquid combustible fuel. Two main ways to liquefy coal are either by the direct or indirect processes. The direct process is also known as the Bergius process which is the method of getting liquid hydrocarbons for use as synthetic fuel from lignite by adding hydrogen. The indirect process is also known as the Fischer–Tropsch process.2
 A catalyzed chemical reaction is to occur where carbon monoxide and hydrogen are converted into liquid hydrocarbons of various forms. The end result or purpose of this process is to produce a synthetic petroleum substitute. In addition to these two processes there are two other methods called pyrolysis and hydro-carbonation where coal is heated in absence of air or hydrogen. Also, a solvent extraction can be done where coal hydrocarbons are selectively dissolved and hydrogen is added to produce desired liquid.8 The liquefaction process makes coal a better fuel because it makes coal (as a liquid) much more efficient and faster to use (mainly as a transportation fuel) versus the solid coal because it is much easier to ignite. However, thorough studies and testing show that liquefied coal isn’t any better in terms of economics, cutting back on pollution, and future supply than the source of energy the world is using today.7
Liquefied coal is supposed to insure against the depleting oil stock and supply, therefore making the U.S. less dependant on other countries for supply. However, despite the optimism for less dependence on countries to supply oil which equal lowering gas and oil prices, liquefied coal is not any cheaper than what we pay for today- in other words, it won’t reduce prices. Also, liquefied coal is chemically purer and cleaner when it burns. Unfortunately, when converting coal to liquid coal, there is about seven to ten times more emission of carbon dioxide and will still aid in the increase of pollution and global warming.9 In summation, even if liquefied coal is enacted as “the new source or fuel”, this idea would just simply further our dependence on coal-not exactly an alternative source of fuel- while continuing to damage the environment and our earth. 

Presently, because of the consumption, emission, and economic aspects of the fuel source of the U.S. is searching for alternate sources that cut back on all these facets. Other countries, as well, are finding ways to overcome this problem. The Packsack Valley H.S. Team A suggests the use of biomass as our new source of fuel. Several types of biomass are biofuels, alcohols, chemicals, and other products from cellulosic biomass such as herbaceous, woody, and other municipal/industrial wastes. To use biomass as a possible source of fuel, there are many methods in converting it to something useful. Direct burning is the simplest method of producing energy from biomass. The energy released is used to drive turbines to produce electricity. In addition, another way to convert biomass to something useful is through alcohol fermentation. This process uses heat to produce sugar from starch, which is then fermented by yeast. Anaerobic digestion converts biomass into methane and carbon dioxide. Although this process is costly, it is efficient because it 11 converts human, animal, and agricultural wastes into energy. Pyrolysis involves heating biomass in an anaerobic environment. This process is advantageous to the environment because carbon dioxide is not produced; thus there will be less greenhouse gases produced.11 Through these methods, three main types of biomass products, biofuels, biopower, and bioprducts, are produced. Ethanol and biodiesel are biofuels derived from biomass materials. Ethanol, which is extracted from plants, can be blended with gasoline to reduce carbon dioxide emission. Biodiesel can be mingled with petroleum in order to reduce emission of almost every pollutant except for nitrogen dioxide. Biopower is electricity generated from agriculture residue, forest products, or landfill gas. Bioproducts are products created from plant or crop based resources. Some examples of bioproducts include industrial enzymes and adhesives.5 Even though biomass is not used as much as coal, it is much more beneficial to a certain extent. 

There are many advantages and several disadvantages in using biomass as an alternative fuel. Even though all processes in converting biomass into energy are efficient, there are several drawbacks. Other fossil fuels are needed for the conversion processes that involve burning and heating. Also, the direct burning process can worsen global warming and pollution. During the process of converting biomass into energy, more energy is lost than gained. However, today, biomass is used in many countries such as the US, Finland, China, India, and Sweden. Products produced by biomass are all viable, efficient, and clean-burning. In addition, since biomass is part of the carbon cycle, there will be a stable level of carbon in the atmosphere. Plants undergo photosynthesis to produce chemical energy which is then consumed by animals. The conversion of biomass into energy emits carbon dioxide which will also be used by plant, crops, and animals. Thus, even if pollution and greenhouse gases are produced, the level of carbon dioxide in the atmosphere is still somewhat minimal.6
As an alternative fuel source, biomass is much more advantageous than liquid coal. Compared to the scarce amount of fossil fuels, biomass is renewable and abundant worldwide. Unlike coal, biomass is derived from organic plant material and agricultural or animal metabolic wastes that are easily accessible at any time.11 Although converting biomass into useful energy can be costly, the cost of the waste products it is derived from is low. Coal itself is inexpensive, but the technology spent on retrieving coal, cleaning coal, and burning coal, as well as the liquefaction process, can be rather expensive. Burning biomass fuels produces pollutants such as carbon dioxide, but the amount of pollutants that results from burning coal is much greater. Coal burning is a major source of mercury, sulfur, and greenhouse gas pollution; and its usage greatly contributes to global warming, pollution, and acid rain.3 Biomass is a far cleaner and more abundant alternative fuel that can easily replace coal’s role in the world.
While there are still supplies of coal in the world, biomass is much more plentiful—it can be produced quickly from pre-existing material. In researching the differences between coal and biomass, the clear conclusion to draw is that biomass is the better source of fuel. Biomass is not only a renewable fuel, but it holds only a fraction of the harm inherent in the burning of coal. 
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Identifying Coal Lab
The objective of this lab is to identify two unknown samples of coal provided by the Chemistry Olympics.  These two samples of coal are labeled before conducting any experiments- one is sample A and the other is B. Both samples are observed with the naked eye and then with a microscope. It is obvious that these samples cannot be peat, lignite, or sub-bituminous coal because of the major differences in their appearance. Peat is woody and plant-like, lignite looks and feels like charcoal, and sub-bituminous coal is softer than the two samples. The two samples are broken down into several smaller pieces. A piece of sample A and sample B are placed into the oven to heat for 7½ hours at a high temperature of about 400 ºF. After heating, the densities of the two samples are determined through a process called displacement. First, both samples are massed on a balance. A graduated cylinder is then filled with 50cm3 of water and sample A is placed in it. The volume of sample A is calculated by subtracting the original volume of water by the total volume in the graduated cylinder including sample A. This process is repeated for sample B. The densities of the two samples can be calculated with the formula Density = mass/volume. Afterwards, the densities of the original unheated sample A and sample B are also determined. These physical properties of sample and sample B are compared to the known appearance and density of bituminous and anthracite coal. 

	
	Coal baked in the oven for 7 ½ hrs at 400ºF
	Not heated coal

	Coal Samples
	Mass of Coal
	Volume of Coal
	Density

D =m/v
	Mass of Coal
	Volume of Coal
	Density

D =m/v

	A
	1.6g
	1.0cm3
	1.6g = 1.60 g/cm3
1.0cm3
	8.36g
	5.9cm3
	8.36g = 1.42 g/cm3
5.9cm3

	B
	3.8g
	3 cm3
	3.8g  = 1.27 g/cm3
3.0cm3
	5.707g
	4.2 cm3
	5.707g = 1.36 g/cm3
4.2cm3


	Coal Samples
	Physical Properties
	Density after being baked in the oven for 7 ½ hrs at 400ºF
	Density without being heated

	A
	~ Surface is covered in white/pinkish crystals

~ Surface fractured

~ Jagged sand-like surface

~ Lustrous fractures
	1.60 g/cc
	1.41 g/ cm3

	B
	~ Very fractured

~ Visible white materials

~ Covered in white contaminants
	1.27g/cc
	1.36 g/ cm3

	Anthracite
	~ Burnished spots and fractures

~ Brown contaminants
	1.79g/cc
	1.48 g/cm3

	Bituminous
	~ Lustrous surface

~ Jagged fractures
	1.21 g/cc
	1.24 g/cm3


Data and Observation
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