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Coal Energy

Background Information
Introduction

      As a society, we grapple continually with difficult questions relating to energy resources.  As educators, it is vital that we teach our students to think critically about their choices.  They must know that, along with the energy-producing benefits of each resource, there are potential liabilities.  Public health and safety, efficiency, environmental impacts and economic ramifications all should be considered when making decisions.  To come to reasonable conclusions, students need a working knowledge of each resource, including coal.

     Coal, the most abundant fossil fuel in the U.S. and the world, has been used for thousands of years as a valuable natural resource.  The U.S. has approximately 24% of all the world's known coal reserves.  There are enough coal reserves worldwide to supply energy, at the current rate, for over 220 years.  With the world's increasing need for energy, coal is a major resource in demand.  

The objective of the following lesson plans is to educate elementary through high school students about the practices in developing this massive energy resource.  The information, aligned with National Science Education Content Standards and Pennsylvania Academic Standards, will be presented in a hands-on, engaging manner.  It will be balanced, coming from a variety of sources. 

The lesson plans will investigate the following coal-related topics: formation and identification, mining, energy, environmental impacts and legislation.  Also, they will explore advancements in the coal energy industry, including clean coal technologies, cogeneration, waste-coal usage and land reclamation. 

Energy Resources

     The necessities and luxuries in our everyday lives create the increasing demand for energy resources.  The total world consumption of energy is approximately 400 quadrillion (one quadrillion = 1,000,000,000,000,000) BTUs annually.  BTUs are British thermal units, which are a measure of heat energy.  The heat produced by burning one wooden kitchen match is equal to about one BTU.  The United States consumes close to 98 quadrillion BTUs per year, approximately twenty-five percent of the world’s energy supply.  Projections indicate that by the year 2025, the world will use 640 quadrillion BTUs annually.  These numbers either could rise or fall depending on legislation, weather and consumer choices.

Most of the energy consumed by the world comes from nonrenewable resources, which are limited in quantities and can be depleted.  These resources are primarily fossil fuels: petroleum, coal and natural gas.  Petroleum accounts for approximately 39% of the world’s energy consumption.  Coal and natural gas each supply approximately 23%.  Uranium is another nonrenewable energy resource used in nuclear power plants.  It is used for approximately 7% of the world’s energy.  

Renewable energy resources, of endless supply, account for approximately 8% of the world’s energy consumption.  Hydroelectric power, derived from running water, is the most widely used form of renewable energy.  These resources also include biomass (from plants, garbage and agricultural waste), solar, geothermal (heat energy within the earth) and wind.  Researchers continue to study other sources of energy, among them nuclear fusion and a variety of hydrogen-based technologies.

Coal: A Fossil Fuel

     Fossil fuels, fuels derived from plant and animal matter, formed naturally over long periods of time, at least thousands, perhaps millions, of years.  These energy-producing fuels are the remains of ancient life that have undergone changes due to heat and pressure.  The primary fossil fuels are coal, petroleum and natural gas.  Together they account for 85% of the world's energy consumption.

    Coal is a dark, combustible material formed, through a process known as coalification, from plants growing primarily in swamp regions.  Layers of fallen plant material accumulated and partially decayed in these wet environments to form a spongy, coarse substance called peat.  Over time, this material was compressed under sand and mud, and heated by the earth to be transformed into coal.  Some scientists refer to coal as sedimentary rock.  Coal is primarily composed of carbon, hydrogen, oxygen and nitrogen.

There are several ranks of coal, which are rated according to their carbon content and heating value.  The heating value of coal is expressed in BTUs per pound.  A precursor to the formation of coal is peat.  Peat, with a heating value of approximately 4,500 BTUs, contains up to 60% carbon when dried.  Peat hardens over time and under pressure into lignite, a cheap brown coal, containing approximately 70% carbon.  Lignite has a heating value of approximately 7,000 BTUs.  Sub-bituminous coal, with an approximate heating value of 9,300 BTUs contains about 78% carbon.  Bituminous coal is a more developed coal and the most common type.  With a heating value that ranges from approximately 11,250 – 14,350 BTUs, it contains about 85% carbon. The hardest and most expensive coal, anthracite, has a heating value of approximately 13,600 BTUs.  It contains 92-95% carbon. 

Coal Mining

     The two main types of coal mining are surface (strip) mining and underground mining.  Strip mining involves the removal of coal deposits close to earth's surface (usually no more than 100 feet from the surface).  Topsoil and rocks are removed from the surface to expose the coal deposits.  Explosives and heavy machinery are used to break up and remove layers of coal.

     Underground mining involves the removal of coal deposits, often hundreds of feet below the earth's surface.  (Some mines may be close to 2,000 feet deep.)  Shafts or tunnels are dug into the coal layers and widened to allow room for the miners and coal cars or conveyor belts.  Additional shafts may be excavated to increase air ventilation for the miners. 

 The history of coal mining is rife with tragic occurrences.  Mining accidents, methane gas explosions, violence fueled by labor strikes, and respiratory ailments -primarily Black Lung Disease- were common in the past.  Over 100,000 miners have been killed in coal-mining accidents in the U.S. since 1900.  The United Mine Workers of America Union was formed in 1890 to promote safer working conditions.  Years later, the U.S. Coal Mine Health and Safety Act of 1969 created strict standards for miner safety and health. New technologies in mining and safety regulations have greatly improved conditions for miners.  Since 1993, there have been fewer than 370 accidental coal-mining fatalities.  Since 1969, the number of fatalities related to Black Lung Disease has dropped by two-thirds.  Still, between one and two thousand miners die each year from complications associated with this disease.

Coal Uses

     Coal is used to generate heat, produce electricity, and make steel and industrial products.  It is used worldwide as a fuel, second only to petroleum as the most consumed energy resource.

     Simple burning of coal produces heat for homes and industries.  Coal is a major fuel for producing electricity.  The coal is burned to turn water into steam.  The steam turns the blades of a turbine, which drives a generator to produce electricity.  Coal is used for approximately 50% of the U.S. electricity production and 40% of the world's electricity.     

     Coke is a hard material produced when coal is heated without air at approximately 1000o C (1832o F).  Coke (which is almost pure carbon) is used to smelt iron ore for the production of steel.  Coal tar, a sticky black liquid derived from coke, is used for paving roads and tarring roofs.  The extraction and distillation of coal tar into separate compounds produces a variety of products for making drugs, plastics, paints and synthetic fibers.

Coal gas, composed of methane and hydrogen, is a by-product of burning coal.  Coal gas was used in the 1940s for residential lighting and cooking, but it was phased out because it was expensive.  Today, coal gasification processes are being developed to be more cost effective.  Methanol is now being developed and used as a fuel for engines.  

Coal Energy: Environmental Impacts and Modern Technology

     The mining and burning of coal has a long history of negative environmental impacts.  Land, water and air pollution standards were not part of the coal industry's early history. Over the past several decades, attempts have been made to mitigate these effects.

      In 1955, the Air Pollution Control Act (now known as the Clean Air Act) was created. This legislation raised the nation’s awareness of industrial coal pollution.

              In 1977, the Surface Mining Control and Reclamation Act (SMCRA) was passed, requiring that coal-mining sites be restored to natural areas or productive land.  By that time, there were over one million acres of abandoned coal mine sites in the United States, among them underground mines, strip-mining pits, acid mine drainage sites and coal refuse (culm) banks.  These sites have had a detrimental effect on water quality, public health and safety, economics and aesthetics.  Since the SMCRA, mine operators have been required to pay taxes.  These taxes are placed into a fund that pays for reclamation of lands abandoned prior to SMCRA’s enactment.  The SMCRA also has mandated that today’s coal companies pay directly for reclamation of lands affected by their own operations.  

 In 1978, the Public Utility Regulatory Policies Act (PURPA) was enacted. This federal law requires regulated utility companies to buy power from qualified independent generators. 

Regulations and environmental awareness have helped to improve the coal industry, but problems still exist. Due to loopholes in the amended Clean Air Acts of 1970 and 1977, older, often larger, coal-fired power plants are exempt from instituting many emissions upgrades.  These plants continue to pollute at rates up to ten times greater than newer ones.  Meanwhile, newer operations have been employing positive environmental techniques including cogeneration, waste-coal usage, clean coal technologies, remining and land reclamation. 

 Cogeneration is a technology that has experienced resurgence beginning in the 1980’s. Cogeneration plants (cogens) use coal as a fuel for both heat and power.  In a traditional coal-fired plant, steam produced by the combustion process turns the turbine, which drives a generator to produce electricity.  In a cogen plant, as the steam turns the turbine, it also provides direct heat to another user.  Among the beneficiaries of the cogens’ heat are prisons, fish farms and greenhouses. 

           Waste-coal-fired power plants utilize new technology to burn coal refuse that, due to its low carbon content, could not have been used in traditional coal-fired plants. The coal is gathered from culm banks, also known as gob piles; some of these toxic mounds are over 200 feet high.  In order to combust the waste, plants use a circulating fluidized bed boiler, a boiler of moving air.
           Clean coal technologies (CCTs), encouraged by a government and industry initiative that began in 1984, help to reduce the emission of sulfur dioxide, nitrogen oxide, mercury, a host of other elements, and to a lesser extent, carbon dioxide.  Sulfur dioxide and nitrogen oxide contribute to the formation of “acid rain," which can damage plant and animal life.  Mercury is a health threat to people when they eat fish contaminated by polluted water.  According to many scientists, carbon dioxide mixes with oxygen to cause global warming, a situation in which the earth’s heat is trapped in the atmosphere, creating the "greenhouse effect.”  These scientists believe that, unabated, global warming could lead to worldwide catastrophic weather changes. 

    Several modifications have been made to improve sulfur emissions from coal-fired power plants.  First, washing the coal before it is sent to a power plant removes some of the impurities.  At some power plants, crushed coal is mixed and burned with limestone in a fluidized bed boiler.  This process allows the limestone to combine with sulfur particles to form a compound, which is then extracted.  

Another method reduces sulfur dioxide gases after the coal is burned.  This process takes place in "scrubbers," or flue gas desulfurization units.  A combination of water and crushed limestone is sprayed into the coal gases as they rise in the smokestacks.  The limestone absorbs much of the sulfur dioxide before the gases are expelled into the environment.  To decrease the emission of nitrogen oxide, coal is burned at lower temperatures.  Together, these practices remove more than 95% of the pollutants caused by sulfur and nitrogen.

         Mercury is removed by calcium-based absorbents (sorbents).  Other methods are being developed to further reduce mercury emissions.

Coal gasification, one of the most advanced clean coal technologies, uses a coal conversion process.  Coal, combined with steam and oxygen, is heated at high temperatures, changing it into synthesis gas.  By using this process, 99% of the sulfur content can be removed from the coal.  Carbon monoxide and hydrogen gases can be collected to make useful products.  Methanol fuel, produced in coal-gasification plants, can be used as a fuel for vehicles.  Many such plants use an integrated gasification combined-cycle process (IGCC) to further reduce pollution and waste.  Hot coal gases are used to run a gas turbine for producing electricity, and the residual heat is used to boil water for a traditional steam generator and to produce electricity.   

       A number of other CCTs exist, some of which, while not in widespread use at this time, are being broadly researched.  One of them, coal liquefaction is a conversion technique in which coal is changed into a liquid.  Another, carbon sequestration, is a process that significantly reduces the amount of carbon dioxide emissions, thus, minimizing the amount of greenhouse gases in the atmosphere.  Currently, due to economic and technological constraints, carbon dioxide emissions continue to cause significant problems in many traditional and waste-coal-fired plants.   

     Even as new CCTs are being studied, efforts are being made to remine abandoned sites, and to reclaim land and water damaged by the coal industry.  Remining operations involve extracting the remaining coal from previously mined areas. Land reclamation programs funded by government sources, coal operators, and private organizations are many and varied.  In one example, waste-coal processing facilities use the alkaline ash, residue from the combustion process, to fill surface mine and underground mine sites.  After surface mines are filled, the land is restored.  Out of the ashes, meadows, forests, recreational sites, and areas for development are rising.

In other examples, water pollution issues are being addressed.  In an attempt to neutralize acid mine drainage into nearby water sources, the water is being treated with limestone in order to increase its alkalinity.  Also, runoff holding areas are being built for the acid waters so that smaller amounts move into nearby streams.  In other cases, lands are being regraded to approximate their original routes so that dried-up streams, cut off from their sources by coal mines, can flow once again.

Over the past twenty years, the coal industry has made substantial progress.  Even as aggressive efforts are being put forth to research new clean coal technologies, coal energy proponents and opponents abound.  Only through education will students be empowered to make sound energy decisions.
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Coal Energy

Elementary Lesson Plans

National Science Education Content Standards: F

PA Academic Standards: 3.8, 4.2

Subject areas: Science, Social Studies, Language Arts

Unit Objectives

Students will:

  1.  Define “energy” and identify various energy resources.

     2.  Recognize and identify the characteristics of coal.

     3.  Classify coal as a fossil fuel.

     4.  Explain and demonstrate how coal is formed.

     5.  Observe and conclude that coal is combustible.

6. Research and describe coal as a major energy resource.

7. Compare and contrast environmental impacts of the coal industry before       and after the advent of clean coal technologies.

Activity 1:  Introduction to Energy  

Objective

     Students will define "energy" and identify different energy resources.

Materials

    “Background Information,” dictionary, encyclopedias, magazine pictures, poster board or large construction paper, glue, scissors 

Procedure

     Direct students to use resources available (dictionary or encyclopedia) to define “energy," in simple terms.  (Energy is the ability to do work.)  

Review: Work is done when something moves or changes.  Potential energy is stored energy or the energy an object contains.  Kinetic energy is energy in motion or at work.  

     Discuss the forms of energy: heat, mechanical, electrical, chemical, light and nuclear.  Have students list where these kinds of energy are used.  Heating homes, running cars and electrical appliances require energy to work. 

     Introduce the fuels or resources needed to produce energy.  Relate how our bodies use food as fuel to help us function or give us energy.  As a class, list types of energy resources or fuels used to produce energy: coal, petroleum, natural gas, wind, water, solar, wood, etc.  Have students classify and group the list of energy resources as renewable or nonrenewable.  (See “Background Information.”)
Evaluation

     Assignment:  Instruct children to make a collage, with magazine pictures or illustrations, depicting the use of different energy resources.  Have students label the fuel used to produce energy in each picture.

http://www.ase.org/educators/lessons/ex1.pdf
Activity 2:  Coal Characteristics

Objective

     Students will recognize and identify the characteristics of coal.

Materials

     “Background Information,” Bituminous or soft coal samples (available from coal distributors, science catalogs and geological agencies), drawing/writing paper 

Procedure

     Distribute coal samples and ask students if they can identify them.  Have students work with partners to describe and list characteristics of coal samples: texture, color, luster, smell, hardness, etc.

     Review as a class and list characteristics of coal.  Identify samples as "coal" and brainstorm to determine students’ knowledge of coal.  Have students share knowledge or experiences they have had with coal.  See "Background Information" to introduce coal lessons.

Evaluation

     Students draw their coal samples and list observable characteristics.

Activity 3:  Coal: A Fossil Fuel

Objective
     Students will classify coal as a fossil fuel.

     Students will explain and demonstrate how coal is formed (coalification).
Materials

     "Background Information," coal sample, ice cream sandwiches, wax paper (approximately 30 cm. or 12 inches), construction paper, rolling pin, oil or nonstick spray, plant matter: leaves and small twigs, clear 2-liter milk carton, scissors, pie plate, sand, soil, encyclopedias, resource books and/or Internet.

Procedure I

     Review Coal: A Fossil Fuel in “Background Information.” 

     Simulate how coal is formed:  On a display table, place a sheet of construction paper on wax paper.  Set 3 ice cream sandwiches on top of each other, then place on the construction paper.  Explain that the ice cream represents moisture and the dark wafers represent compressed plant matter.  Press the ice cream sandwiches together with an oiled rolling pin.  Ask students how this represents the formation of coal.  Continue pressing ice cream sandwiches to a depth of approximately 1 cm.  Discuss observations.  

     Define coal as a fossil fuel.  (It is a sedimentary rock formed by the burial and compression of accumulated plant material.)

     Allow pressed ice cream sandwiches to dry out for several days.  Observe changes.  (The wafers should be compressed into a dry, firm mass.)  Discuss observations and have students relate activity to the formation of coal, a fossil fuel.

     Compare and contrast the following fossil fuels: coal, petroleum and natural gas.  Divide students into groups and assign research on fossil fuels.

Evaluation

     Students research and report on fossil fuels with a concentration on coal energy.

Enrichment

     Instruct students to create a diorama depicting how coal is formed.  (Students could design a swampy landscape with fallen vegetation being buried.)

Procedure II

     Demonstrate how coal is formed: Cut a 2-liter soda bottle in half.  Coat the inside of the bottle with oil or nonstick spray.  Place approximately 50 ml. of water on bottom.  Add layer (4-5 cm.) of sand and soil.  Add layer (5-6 cm.) of leaves and small twigs.  Cover with layer of soil and sand (fill to top of bottle).  Poke ten or more holes near bottom of soda bottle.  Over the next few days, instruct volunteer to press down material in bottle with palm of hand or flat surface. (This will press out excess water.)  Allow to set for several days.  Invert bottle on pie pan and have students make observations.  Facilitate class discussion comparing activity to the coal formation process.

Evaluation

     Students write and illustrate steps of activity and compare to coalification.

Activity 4: Coal is Combustible

Objective

     Students will observe and determine that coal is combustible. 

Materials

    Dictionary, lignite coal sample (if unavailable, charcoal may be used), candle or Bunsen burner, matches, pie pan, needle-nose pliers or forceps with insulated handles, tissue paper (or thin paper that easily ignites)

Procedure

      Have students define the term "combustible" and give a synonym for it (flammable).  Use dictionaries, if needed.

     Set up experiment:  Place tissue paper in pie pan.  Light candle.  Secure coal sample with forceps and set in flame for 1-2 minutes.  Coal should absorb heat, glow and give off its own heat.  Allow time for observations.  Extinguish candle flame and display glowing coal for observations.  Reheat coal sample until it glows, then place coal on paper in pie pan.  Ask students to explain observations.  (The coal absorbs heat and combusts.  It then transfers heat to the paper and the paper ignites.)  Discuss how coal may be useful because it is combustible and gives off heat.

Evaluation   

     Students illustrate and describe their observations.

Enrichment

    Take a small sample of the dried plant matter from Activity 3 and hold with forceps.  Place sample in the flame of a candle and observe combustion.  (This matter can be compared to peat.)  Discuss observations.

Activity 5: Coal: A Major Energy Resource

Objective

     Students will research and describe coal as a major energy resource.

Materials

"Background Information," Internet access, resource books, 3 x 5 index cards, string, hangers or dowel rods, magazine pictures, construction paper

Procedure
     Introduce coal as a fuel for producing energy.  See "Background Information."  List energy uses: produces electricity, powers train engines, supplies heat for homes and industries, and produces steel and other products.

     Have students research coal energy uses and write information on index cards.  Review together as a class discussion.

     Instruct students to create a mobile illustrating coal energy uses:

Magazine pictures and brief descriptions on index cards can be hung by string to a hanger or crisscrossed dowel rods.  Display mobiles in classroom.
Evaluation

     Students complete mobiles illustrating coal energy examples and present to class.

Activity 6: Cleaning up Coal

Objective

         Compare and contrast environmental impacts of the coal industry before and after the advent of clean coal technologies.

Materials

     "Background Information," Internet access, resources materials (including current information), plastic gloves, small coal samples or crushed coal, white paper towels, darker paper towels, magnifying lenses and/or hand-held illuminated microscopes

Procedure I

See "Background Information."  Discuss historic ecological impacts of mining coal in relation to land, water and air pollution.  Introduce term “clean coal technology. “ 

List improvements and new technologies:

- Washing coal before sending it to the plant.

- Mixing crushed coal with limestone and water.

- Spraying coal gases with water and crushed limestone in the smokestacks.

- Gasifying or liquefying coal. 

- Reclaiming mining sites.

Procedure II 

      Demonstrate simple coal washing to lessen emissions:

Pass out plastic gloves, small coal samples or crushed coal, white paper towels, darker paper towels and magnifying lenses or microscopes.  Students observe coal texture and examine particles with magnifiers.  Have students rub coal on paper towels and observe different color particles with magnifiers (dark carbon laced with lighter particles).

     Have students place crushed coal in plastic container 2/3 full of water and shake.  Students remove coal from water, dry and observe closely again with magnifiers.  (Some tiny loose particles have been washed away.)  Discuss changes in coal samples.  Review simple washing of coal helps remove some sulfur and other particles, making the coal "cleaner."

 
     Divide class into groups and assign research on environmental impacts and changes in the coal industry.  Students should indicate if and where new technology is being used.  (Each group should specify contributions of each member.)  Groups can present their information with creative visuals, role-playing, class participation, etc.

Evaluation

     Using creative visuals, role-playing, class participation, etc., groups present their information, describing and comparing environmental impacts and changes in the coal industry.

 

Coal Energy

Middle School Lesson Plans

National Education Content Standard: F

PA Academic Standards: 3.8, 4.2

Subject Areas: Science, Social Studies, Language Arts

Unit Objectives

   Students will:

1.  Review coal as a fossil fuel and illustrate how coal is formed.

2.  Observe the combustibility of coal and recognize it as an energy fuel.

3.  Research and report on the different methods of coal mining.

4.  Create a timeline illustrating historic changes and advances in the coal industry.  Include changes in methods of mining, plant production processes, safety measures and environmental impacts.

5. Compare and contrast the use of coal energy to other energy sources in regard to health and safety, efficiency, environmental impacts and cost.

6. Recognize that waste coal can be a usable fuel.

Activity 1: Reviewing Coal as a Fossil Fuel

Objective

     Students will review coal as fossil fuel.

     Students will describe and illustrate how coal is formed.

Materials

     "Background Information,” Elementary Activities 2 and 3, ice cream sandwiches, wax paper, construction paper, rolling pin, nonstick spray or oil, forceps, candle, matches

Procedure

     See "Background Information."  Conduct "Review and Brainstorm Session" to determine students' knowledge of coal as a fossil fuel.  Review concepts if needed:

     -Coal is a major energy resource in the world.  It is used for heating, producing electricity, and making various products.

     -The formation of coal is due to the accumulation of plant matter, which has undergone changes due to pressure and heat.

     -Coal is composed primarily of carbon, hydrogen, oxygen and nitrogen.

     -There are different ranks of coal determined by their carbon content, hardness and heat content.

     Using Elementary Activity 3, review how coal is formed.  Have student volunteer demonstrate and explain the process of coal formation.  (Pressing ice cream sandwiches together with rolling pin represents coal layers being compressed into a solid mass.)  Discuss observations.

Evaluation    

     Assign creative coal formation project.  Students explain in writing and illustrate with models or diagrams, the process of coal formation.

Enrichment
     Plan a field trip to collect fossils.  Coal regions are common sites for fossil collecting, primarily fern fossils.  (This also reinforces the fact that coal is formed from plant matter.)  A rock and mineral club or geological agency may be of assistance.

Activity 2: Coal Combustion and Energy Use 

Objective

    Observe the combustibility of coal and recognize it as an energy fuel.

Materials

      Small coal samples (1-3 cm. size), votive candles, votive candle holders, aluminum foil, matches, forceps or needle-nose pliers with insulated handles, goggles, thermometers, water, small beakers, "Background Information."

Procedure

     Review that heat is a form of energy; things that give off heat are an energy source.  Introduce activity to recognize coal as an energy fuel.

*This lesson can be structured as a teacher demonstration or as a student hands-on project.  Teachers should use their discretion.  

     Have students work with partners to share materials.  Distribute materials, except for matches.  Students put on goggles.  They place candles on aluminum foil, place thermometers in bottom of beaker, and fill beaker with just enough water to cover base of thermometer (25-50 ml.).  Students note temperature of water at room temperature.  Teacher lights one candle for each group.  Using forceps or pliers, students hold coal pieces in the flame for one minute.  Students observe glowing coal, place coal in beaker and record water temperature immediately.  (Coal samples are difficult to keep burning, but the absorbed heat is measurable.)  Discuss observations.

     Facilitate class discussion on conclusions of experiment.

Evaluation

     Students write procedure, data and conclusions of science lab, and diagram lab set-up. 

Activity 3: Coal Mining Investigation

Objective

     Students will research and report on the different methods of coal mining.

Materials

     "Background Information," Internet access, resource books, resource people

Procedure

     See "Background Information."  Introduce basic methods of coal mining: surface mining and underground mining.  

Types of surface mining: 

-Area or mountain top mining is done in relatively flat locations.  Coal is removed in one location at a time with large machines such as draglines.

-Contour mining is done where coal is located in hills or mountains.  Coal is excavated in circular tracks around the landscape.

Types of underground mining:

-Longwall mining is used to remove most of the coal in an area underground.  A longwall mining machine cuts wide tunnels with rotating disks of steel teeth.  Large steel jacks must be used to support the roof to prevent it from collapsing.

-Room and pillar mining involves removing part of the coal in an underground site.  Much coal is left untouched to support the roof of the tunnels.  This underground excavation looks like rectangular rooms, divided by coal pillars.

     Assign research to investigate mining practices, both past and present.  Topics should include the basic process of excavating coal, efficiency of operations, health and safety of miners, economic ramifications and environmental impacts.  Land reclamation issues should be included.  (Specific dates indicating changes in the industry should be collected for next lesson.)  Encourage students to use a variety of resources to gather information, which may include personal interviews of miners.

   Facilitate class discussion on research findings.

Evaluation

     Students complete research on mining in written report with references cited.

Enrichment

     Instruct students to create two models comparing land devastation of past strip-mining methods to modern land reclamation practices.  Two shoeboxes lined with plastic may be used to model excavated land and reclaimed land. 

Activity 4: Coal Industry Timeline

Objective

     Students will create a timeline illustrating historic changes and advances in the coal industry.  They will include changes in the methods of mining, plant production processes, safety measures and environmental impacts (related to land, air and water pollution; clean coal technologies; and land reclamation).

Materials

     Students' research from last lesson, current coal news articles, pictures downloaded from Internet, poster boards or large roll paper, blackboard, “Background Information”

Procedure

     Divide students into three or more groups to discuss research data from last lesson.  Instruct students to gather and list specific events and dates relevant to changes in the coal industry.  (They may begin with caveman using coal for heat.)  For reference, teachers may use the timeline in the “Coal Energy Resource Guide” at the end of these lesson plans.

     Instruct students to include current changes in federal or state regulations, which may strengthen or weaken the coal industry in regard to public health and safety, efficiency, the environment and the economy.

     As a class, list specific dates and briefly describe on board.  Assign each group a time period to come up with rough draft of pictures illustrating the events.

Evaluation

     Each group of students completes a timeline of their specific time period with small illustrations.  All students should contribute a section of the timeline.  To allow most students to work simultaneously, a few may draw illustrations to be glued to timeline while several are writing.  Each group's section can be pieced together to form one long timeline.

Enrichment

Divide the class into groups.  Have each group listen to, discuss the lyrics of, and illustrate two coal-mining songs.  Afterwards, gather the class together to show and describe each group’s pictures.  As a class, brainstorm the role that music has played in our world (e.g., as a forum through which people can express their emotions, rally support for a cause and provide historical information for future generations.)  

http://www.fortunecity.com/tinpan/parton/2/mines.html
Activity 5: Comparing Energy Resources

Objective

     Students will compare and contrast the use of coal energy to other energy resources in regard to safety, efficiency, environmental impact and cost.

Materials

     Students' research, Internet access, current resources: books, periodicals, etc.

Procedure

     Discuss various renewable and nonrenewable energy resources:  

Renewable resources, of endless supply, include hydroelectric, solar, geothermal, biomass and wind power. 

Nonrenewable resources, which are limited in quantities, include petroleum, coal, natural gas, and uranium (used in nuclear power plants).

     Divide class into groups and assign different energy resources to be researched and compared to coal energy.  Students should include topics of safety, efficiency, environmental impacts and cost.  

Evaluation

     Students compare and contrast coal energy to another energy fuel.  They may 

present information as a report, an oral presentation, or a debate.

Activity 6: Using Waste Coal in the Fluidized Bed Boiler

Objective

     Students will recognize that previously discarded coal refuse can be a usable fuel.

Materials

     Crushed coal, pestle and mortar set (if needed to crush larger coal pieces), pulverized limestone (or powdered lime available from lawn and garden centers), tumbler (from Bingo game or rock tumbler), or 3 plastic jars with lids (e.g., peanut butter jars), plastic gloves

Procedure

    See "Background Information."  Discuss changes related to abandoned coal mining, and coal power production sites:

The older mining sites often were left in unstable conditions creating serious environmental and safety hazards.  The Surface Mining Control and Reclamation Act of 1977 instituted laws that require the restoration of coal-mining sites to ecologically sound or productive use.  The Public Utility Regulatory Policies Act mandates that power plants buy power from cogens and designated waste-coal plants. 

     Technology now enables power plants to make use of refuse coal in a fluidized bed boiler combustion system.  Previously discarded waste coal or culm, high in ash content and low BTU output (which cannot be burned in conventional coal boiler utilities) is now economically feasible.  Coal is used in many cogen plants, producing electricity and heat energy.

Simulate circulating fluidized bed boiler system:

*Note:  Remind students that limestone (calcium carbonate) absorbs sulfur particles during the burning of coal.  In a power plant, the amount of limestone to be added is adjusted according to the sulfur content in the coal.  This simulation gives the students a visual representation of the process.

 

     Set tumbler above picture or model of flame source.  Fill one plastic jar with crushed coal and the other with lime (similar to pulverized limestone) and have students identify each.  Place crushed coal in tumbler or other plastic container until 1/3 full. (If crushed coal is not available, crush with mortar and pestle.)  Add approximately 10% lime, close lid and turn crank of tumbler or swirl container briskly. (Be careful to keep lime dust away from students because it is caustic.)  Have volunteer explain the process of limestone mixing with the coal during the burning of coal.  Facilitate class discussion about why the reduction of sulfur emissions is an important environmental issue.

      
     Review: The burning of coal causes water to turn to steam.  The steam turns the blades of a turbine, which drive a generator to produce electricity.  In cogens, the steam also is used as a source of direct heat.

Evaluation

   Have students complete a project of personal interest:

-Research the Surface Mining and Reclamation Act of 1977.  Students may determine how funds are allocated and for what specific ventures.

-Design a model illustrating the use of refuse coal.

-Students may seek approval from teacher for additional ideas.

 Enrichment
     Plan a field trip to a coal power plant, which uses clean coal technology.

 
Coal Energy

High School Lesson Plans

National Science Education Content Standards: E, F

PA Academic Standards: 3.8, 4.2

Subject Areas: Science, Social Studies, Language Arts

Unit Objectives

   Students will:

1.  Review and list uses of coal.

2.  Research supply and demand for coal and graph statistics.

3.  Recognize and describe peat and different ranks of coal: lignite, bituminous and anthracite.

4.  Experiment and compare energy emitted from different coal samples.

5.  Investigate new technologies in the coal industry using multiple resources.  Include public health and safety issues, efficiency, environmental impacts and economic ramifications.

6.  Investigate and determine if new clean coal technologies are mandated and enforced by laws.

Activity 1: Coal Uses
Objectives

     Students will review and list uses of coal.

Materials

     Internet access, computer, graph-making software, "Background Information."

Procedure

       Brainstorm to determine students' knowledge of coal uses: as a fuel for heat and electricity; and as an ingredient in making steel, iron, chemicals and other products.  Assign investigations into less common coal applications: cement, medicines, paint and fertilizers. 

Evaluation

     Students present their unique coal use information in a visual display, pamphlet or brief presentation with props.

Activity 2: Supply and Demand of Coal

Objective

     Students will research the supply and demand of coal and graph statistics.

Materials

     Internet access, "Resource Guide"

Procedure 

     Review basic concepts of supply and demand.  Facilitate discussion on how supply and demand of a product affects pricing.  

     Instruct students to research the supply and demand ratios of coal.  They should use most current data in regard to major coal supplies available from different countries and the coal consumption by countries.

Evaluation

     Students complete research of coal supply and demand and create several graphs showing production and consumption of coal by major countries.  An additional graph can be designed to show statistics of specific states or regions where coal is produced.

Activity 3: Comparing Types of Coal

Objective

     Students will describe and recognize peat and different ranks of coal: lignite, bituminous and anthracite.

     Students will experiment and compare energy emitted from different coal samples.

Materials

     "Background Information," goggles, peat samples (available in garden supply centers), coal samples approximately 1-2 cm. size: lignite, bituminous and anthracite (available from coal distributors, science catalogs and geological agencies), votive-style candles or Bunsen burners, needlenose pliers, small beakers filled with approximately 50 ml. of water, data sheet with peat and coal samples listed, matches

Procedure     

     Distribute peat and coal samples to lab groups.  Using "Background Information," review characteristics of peat and coal samples.  Have students identify each sample.

     Pass out remaining materials for lab investigation.  Ask students how they would test and compare energy emitted from samples, using materials provided.

    Pass out data collecting sheets and proceed with experiment:  Students place thermometers in 3 or 4 beakers of water (depending on number of coal samples) and record temperatures.  Students put on goggles, heat peat and coal samples for 1 minute, then gently drop samples in different beakers of water.  Temperature changes should be recorded.  Students discuss, compare and evaluate results.  ((The harder coal absorbs more heat.)

Evaluation

     Students complete lab investigation, comparing heat emitted from peat and coal samples.  Have students write up lab investigation using the Scientific Method: 

               Problem or Question

               Research

               Hypothesis

               Materials

               Procedure

               Data or Results

               Conclusion

Activity 4:  Coal Technology

Objective

      Students will use multiple resources to investigate new technologies in the coal industry including public health and safety issues, efficiency, environmental impacts and economic ramifications.

Materials

    "Background Information," Internet access, "Resource Guide," periodicals, microfiche in libraries, personal interviews

Procedure

     Review "Background Information" and introduce new coal technologies. Discuss the fact that these technologies have an impact on public health and safety, efficiency, the environment and the economy.  Facilitate class discussion about various clean coal technologies and list on board.

     Instruct students to research changes in the coal industry using multiple resources.  Statistical data, comparing past and new technologies with regard to public health and safety, efficiency, the environment and the economy are to be included.  Students should determine if and how the new technologies reduce pollutants in the water and air.  Acid rain (caused by sulfuric and nitric gases combining with water molecules) and the "greenhouse effect" (believed to be caused by substantial carbon dioxide gases) need to be addressed. 

     As a class, have students share their information and note any additions to their data.  

Evaluation

     Students summarize their research and create an information poster describing and illustrating improvements in the coal industry.  

Enrichment

     Do Middle School Activity 6: Using Waste Coal in the Fluidized Bed Boiler.

Activity 5:  "Clean Coal" and Environmental Laws

Objective

     Students will investigate and determine if clean coal technologies (CCTs) are being mandated and enforced by law.

Materials  

     Internet access, current periodicals, "Resource Guide," contact information for State Representatives' offices

Procedure  

     Review research collected from last lesson and "Background Information" related to clean coal technologies.  Ask students how they can determine if CCTs are being used throughout the coal industry. 

     Instruct students to investigate federal and state laws that hold coal-mining and coal-energy-producing sites accountable for pollution control standards.  Encourage students to study the most current and proposed legislative changes relating to air, land, and water quality control.  Students should evaluate such changes in regard to their environmental impacts.  In addition, have students research to determine how existing laws are being enforced.  Share findings as a class discussion.

Evaluation

     Students evaluate their research and present their conclusions in small groups.  A spokesperson for each group shares the general consensus of his/her group stating to what extent clean coal technology is used and enforced.  

Enrichment

Have students write an open letter stating their own opinions either agreeing or disagreeing with recent legislative proposals or changes relating to the coal industry.  (Students may choose to send their letters to state representatives and/or to newspapers.)

Coal Energy

Resource Guide

Academic Standards

     PA Academic Standards for Science and Technology:

             Science, Technology and Human Endeavors                          3.8

     PA Academic Standards for Environment and Ecology:

              Renewable and Nonrenewable Resources                             4.2

     website:  www.pde.state.pa.us 

     National Science Education Content Standards:

             Science and Technology                                                           E 

             Science in Personal and Social Perspectives                           F

     website: http://nap.edu/readingroom/books/nses/6c.html 

Books
Armstrong, Jennifer.  Theodore Roosevelt: Letters from a Young Coal Miner. Dear Mr. President Series. New York: Winslow Press, 2000. (ages 9-12)

Historical Fiction

Presents a fictional correspondence between a 13-year-old Polish-American coal miner and President Theodore Roosevelt in 1901.

www.winslowpress.com (for further coal mining information)

Baker, Julie.  Up Molasses Mountain.  New York: Random House, Inc., 2002. (age 10+)

Historical Fiction

Explores a West Virginia mining town during a strike in 1953.

Bartoletti, Susan Campbell.  A Coal Miner’s Bride: The Diary of Anetka Kaminska.  Dear America Series.  New York: Scholastic, Inc., 2000. (age 9+)

Historical Fiction

Set in 1896, examines the stark reality of living in a Pennsylvania coal-mining town through the eyes of a 13-year-old emigrant from Poland.

Bartoletti, Susan Campbell.  Growing Up in Coal Country.  New York: Houghton Mifflin, 1996. 

(age 10+)

Non-Fiction

Examines coal mining in Northeastern Pennsylvania at the turn-of-the-century. Comprehensive, engaging photos and text.

Earth’s Resources, The.  Grolier Educational. Connecticut: Atlantic Europe Publishing Company, Inc., 2000. (ages 8-12)

Provides an introduction to rocks and minerals, including coal and coal-mining techniques.

Easton, Richard.  A Real American.  New York:  Houghton Mifflin, 2002.

(age 10+)

Historical Fiction

Investigates the frictions and friendships between “native” farmers and immigrant coal miners in Pennsylvania towards the end of the 19th century.

Goode, James B.  Ancient Sunshine: The Story of Coal.  Kentucky: Jesse Stuart Foundation, 1997. (age 9+)

Non-Fiction

Includes historical facts, information about modern coal-mining techniques, and photographs.

Hansen, Michael C.  Coal. Hillside, New Jersey: Enslow Publishers, Inc., 1990.  (age 9+)

Non-Fiction

Includes information on coal mining and production.

Joinson, Carla.  A Diamond in the Dust. New York: Dial Books, 2001. (age 12+)

Historical Fiction

Depicts sixteen-year-old Katy Sollis’ coming of age story in an impoverished coal-mining town circa 1900. 

Kraft, Betsy Harvey.  Mother Jones: One Woman’s Fight for Labor.  New York: Clarion Books, 1995. (age 12+)

Biography

Examines the life of prominent union organizer Mary Harris Jones including the work she did on behalf of early 20th century coal miners.

Llewellyn, Richard.  How Green Was My Valley.  New York: Aeonian Press, Inc., 1967. 

Historical Fiction

Gently unfolds the bittersweet tale of life in a turn-of-the-century Welsh coal-mining village.

(Advanced High School +)

O’Neill, Mary.  Power Failure. SOS Planet Earth Series.  New Jersey: Troll Associates, 1991. 

(ages 8-12)

Non-Fiction

Provides information about many energy sources, including coal.

Pringle, Laurence.  The Environmental Movement: From Its Roots to the Challenges of a New Century.  New York: HarperCollins Publishers, 2000. (age 10+)

Recounts the history of the environmental movement, current trends, and challenges that lie ahead.

Wallace, Ian.  Boy of the Deep.  New York: DK Publishing, 1999. (ages 5-8) 

Picturebook

Gently depicts the story of a father and his son in a turn-of-the-century coalmine in Nova Scotia as they work together to escape after a cave-in.

Contact Person- Waste Coal

Billie Ramsey, Esq., Executive Director

ARIPPA 

(An Association of Independent Power Producers in the Anthracite and Bituminous Regions of Pennsylvania)

2015 Chestnut Street

Camp Hill, PA  17011
billieramsey@paonline.com
(717) 763-7635

Quotations

Coal is a portable climate.  It carries the heat of the tropics to Labrador and the polar circle; and it is the means of transporting itself whithersoever it is wanted. Watt and Stephenson whispered in the ear of mankind their secret, that a half-ounce of coal will draw two tons a mile, and coal carries coal, by rail and by boat, to make Canada as warm as Calcutta, and with its comfort brings its industrial power.          
 -- Ralph Waldo Emerson, American Philosopher, 1800s 

Coal introduced a new race of men who work with machinery instead of their hands, who cluster together in cities instead of spreading over the land, men who trade with those of other nations as readily as with those of their own town...men whose market is no longer the city or country but the world itself.

-- Henry DeBeers Gibbins, 1903

Timeline of Coal-Energy Legislation

-United Mine Workers of America formed in 1890.

-First Federal Mine Safety statute passed in 1891.

-United States Bureau of Mines founded in 1910.

-The U.S. Coal Mine and Health Safety Act passed by Congress in 1941.

-US Water Pollution Control Act created in 1948.

-Federal Coal Mine Safety Act passed in 1952.

-Federal Air Pollution Control Acts began in 1955.

-Federal Water Pollution Control Administration created in 1965. (now known as Environmental Protection Agency- EPA)

-The U.S. Coal Mine Health and Safety Act started in 1969.

-First Clean Air Act enacted in 1970.

-Mining Enforcement and Safety Administration (MESA) founded in 1973.

-Clean Air Act amended in 1976.

-Federal Mine Safety and Health Act passed in 1977.
-The Surface Mining Control and Reclamation Act created in 1977.

-Clean Coal Technology Program instituted in 1984.

-Clean Air Act amended in 1990.

-Clear Skies Initiative proposed in 2002.

-Clean Air Act’s New Source Review provision changed in 2003.

Videotapes

How Green Was My Valley. Twentieth Century Fox. 1941.  (Not Rated. Mature themes: It is recommended that teachers preview this film.)  Directed by John Ford. Starring Roddy McDowell, Maureen O’Hara, and Walter Pigeon.  In this best-picture Oscar winner, the bittersweet tale of life in a turn-of-the-century Welsh coal-mining village unfolds.  Based on a novel by Richard Llewellyn.

Legacy of Coal, The: Fulfilling the Promise.  ARIPPA. Camp Hill, PA.  Running Time: 17:50.  Discusses the positive impacts of land reclamation and cogeneration plants in Pennsylvania.

www.arippa.org
October Sky.  Universal Studios. 1999. (Rated PG for mild profanity.)  Directed by Joe Johnston.  Starring Jake Gyllenhall, Chris Cooper and Laura Dern.  Based on an autobiography by Homer Hickman, Jr., this story takes place in a West Virginia coal-mining village in the late 1950s, during the time when many Americans were awed, overwhelmed and inspired by the Soviet satellite Sputnik.  

Websites

American Coal Ash Association (ACAA):  According to the ACAA’s site,  “The mission of the ACAA is to advance the management and use of coal combustion products (CCPs) in ways that are technically sound, commercially competitive, and environmentally safe.”

http://www.acaa-usa.org/CCP.htm
American Coal Foundation:  Includes numerous teacher resources: lesson plans, teaching materials (including posters and coal samples), glossary, links, etc.-- some available on-line and some by mail order. 

www.teachcoal.org
American Council for an Energy Efficient Economy (ACEEE): The goal of this organization, as stated on its site, is to “develop, analyze, advocate, and support the implementation of new policies for increasing energy efficiency in the United States.” 

http://www.aceee.org/energy/about.htm
ARIPPA:  A non-profit trade association of independent waste-coal power producers in Pennsylvania.  Promotes the use of several clean coal technologies and land reclamation techniques.

www.arippa.org
Charcoal-Making: Provides directions for making charcoal.

http://www.eaglequest.com/~bbq/charcoal
Department of Environmental Protection (DEP): Explores the following coal-related topics: Mining and Reclamation, District Mining Operations, Deep Mining Safety, and Abandoned Mine Reclamation. Includes a virtual tour of a strip-mine.

http://www.dep.state.pa.us/ 
Energy Information Administration: Under the auspices of the U.S. Department of Energy, this site contains a 128 page list of on-line energy resources for educators, a timeline of coal milestones from Colonial Days through the 1920s, energy tutorials (including a virtual coal-mining field trip), and a comprehensive energy glossary.

www.eia.doe.gov
Energy Quest: California Energy Commission’ s energy education website includes science projects, a timeline, a glossary, tutorials, recommended resources and links, and games and puzzles.

http://www.energyquest.ca.gov/
Environmental Literacy Council (ELC): ELC is an independent, non-profit organization whose mission is to provide teachers with resources to teach environmental literacy.  The site provides tutorials and links related to air and climate, land, water, ecosystems, energy, food, and environment and society.    

www.enviroliteracy.org
FossilFuels.Org: Provides information and resources relating to different types of fossil fuels, including coal.   

http://www.bydesign.com/fossilfuels/links/html/coal/coal_get.html
History in Song: Songs From the Mines

http://www.fortunecity.com/tinpan/parton/2/mines.html
Kentucky Coal Education: This site includes on-line video clips about both historical and modern coal-mining practices.

http://www.coaleducation.org/miningtv/default.htm
Mine Safety and Health Administration (MSHA): Provides statistics regarding coal-mining fatalities, information about the “Stay Out, Stay Alive” initiative, a timeline of coal-mining safety legislation, and a glossary of coal-mining terms.

http://www.msha.gov/
Mineral Information Institute (MII): According to its website, MII is “a national non-profit organization dedicated to educating youth about the science of minerals and other natural resources, and about their importance in our everyday lives.”  Along with many teacher resources, this site contains photographs and descriptions of mine reclamation success stories.

http://www.mii.org/ 

National Resources Defense Council: Watchdog group for environmental legislation.

http://www.nrdc.org/default.asp
National Science Teachers Association (NSTA): As stated on its site, the mission of this group is “to promote excellence and innovation in science teaching and learning for all."

http://www.nsta.org/ 

SaveOurEnvironment.org:  An advocacy group in support of environmental activism provides information about current issues.

www.saveourenvironment.org
United Mine Workers of America (UMWA): Among the information on this site is an organizational history since its founding in 1890, reports about Black Lung Disease and current events.

www.umwa.org
University of Kentucky: Center for Applied Energy Research: Provides numerous coal-related links.

http://www.caer.uky.edu/liblinks.shtml#general
U.S. Department of Energy: Office of Fossil Energy: A wealth of information about the coal industry.

http://fossil.energy.gov
World Coal Institute (WCI): Provides information about coal use throughout the world, including clean coal technologies.

www.wci-coal.com
Thank you to the following people for their assistance: 

Eric Epstein, President, Sustainable Energy Fund, Harrisburg, PA

David Martin, General Manager, Gilberton Power Plant, Frackville, PA

Billie Ramsey, Esq., Executive Director, ARIPPA, Camp Hill, PA

Doris Robb, Retired Elementary School Teacher, Lancaster, PA

Rosemary Yovic, Chemistry Teacher, Harrisburg Area Community College, PA 
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