Coal Power … How Does it Work?
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Summary: 
This lesson plan was designed to inform students about coal power plants, and the detrimental effects these plants have on worker’s health and the environment. It incorporates reading and writing skills while teaching the students how coal is formed and the science behind the chemical-mechanical system of a coal power plant. 

Subject: Science
TEKS: 

· Science: 
(1) 7.3 Problem Solving
· ELA: 
(1) 7.8 Read a Variety of Texts 
(2) 7.15 Writing Purposes
Grade Level: 

· Target Grade: 7th 

· Upper Bound: 8th 

· Lower Bound: 6th
Time required: ~1 hour and 30 minutes
Activity Team/Group Size: Individual for worksheet. Class discussion. 

Materials: 

· Printout of activity sheet and study guide for each student.
· Pen or pencil.
Reusable Activity Cost Per Group [in dollars]: no cost

Expendable Activity Cost Per Group [in dollars]: no cost
Learning Objectives: 

· To inform the students about coal power plants and the adverse effects of these plants on the environment and people.
Lesson Introduction / Motivation: 
Read an article about the accidents occurring during the coal mining process. There have been several quite recently resulting in many deaths and injuries. This is also an adverse outcome of coal power that students should be educated about. Some websites that have articles on coal mine accidents are http://www.pbs.org/newshour/bb/health/jan-june06/minetown_2-01.html ... http://www.cnn.com/2006/US/01/04/mine.explosion.wed/index.html ... http://www.chinadaily.com.cn/english/doc/2004-11/13/content_391242.htm 
Lesson Plan: 
Conversion of Coal to Electricity Study Guide
What is coal and how is it created?
· Coal can be defined as a “combustible mineral consisting of carbonized vegetable matter, used as a fuel.”  The actual energy comes from the breaking of carbon bonds.

· During the Carboniferous Period (also known as the “first coal age”), which was ~360 million – 290 million years ago, swamps and peat bogs were buried deep below ground due to tectonic movements, or earthquakes. While below ground extreme pressure and temperature were exerted on the vegetation within these swamps. This caused the vegetation to change into peat, which is a highly organic material. Over time this peat transformed into lignite, which is softer and lighter than coal. More pressure and high temperature was exerted on this lignite, causing it to transform into sub-bituminous coals, the intermediate between lignite and bituminous coal. Finally, the sub-bituminous coal is converted into bituminous coal or “hard coal” which is what we use today.

How is coal generated into electricity?

· There are six steps in the electricity production process.
(1) Mining: There are two types of mining: “opencast mining” which occurs above ground, and “deep mining” which occurs underground. The type of mining used is determined by the geology of the region. Sixty seven percent of the mining in the USA is of the opencast mining type.

(2) Pulverization: After being transported to the plant, the coal is then inserted into the coal supply.  Next the coal travels along a conveyor belt to a pulverizer. Once in the pulverizer, it is ground into a fine powder to increase surface area and then air-blown into the furnace.
(3) Combustion: In the boiler (furnace), the coal is burnt at high temperatures, which produces hot gases and heat that boils the water in the pipes surrounding it. This process changes the water to steam.
(4) Turbine: The steam is superheated to 1,000 °F (540 °C).  Steam moves through the steam turbine generator and loses pressure and temperature energy as it turns the series of interconnected turbines within the generator. 
(5) Generator: Connected to the shaft of the turbine is a generator which contains miles of copper. These copper coils are surrounded by magnets.  When the turbine spins the copper coils spin. When this occurs an electric current is created in the copper wires and electric current is produced.
(6) Transmission: Finally, through a transformer connected to the generator, the electricity travels into the transmission lines and finally to consumers who purchase the electricity.
The environmental effects of coal power
· Air Emissions: Carbon dioxide, sulfur dioxide, nitrogen oxides and mercury compounds are all emitted in the production of electricity. All of these compounds are harmful to the environment. Carbon dioxide and nitrogen oxides are greenhouse gases that contribute to global warming. Sulfur dioxide is the main cause of acid rain, and mercury compounds are harmful to people because they are easily absorbed into the body and concentrate in the body tissue. Also methane, a greenhouse gas, is produced during the mining, cleaning and transportation of coal.

· Water Contamination: The water necessary to create steam in the power plant is also highly polluted and this water is sometimes released back into the environment causing contamination to wildlife habitats.

· Solid Waste Generation: Ash, which is composed of metal oxides and alkali, is a byproduct of combustion. Usually this harmful byproduct is disposed of in landfills, although some is recycled.
--------------------------------------------------------------------------------------------

Conversion of Coal to Electricity Activity
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Fill in the blanks of the parts of the electricity production process.

	Word Bank

	 Boiler

Generator

Pulverizer

Transmission lines

Transformer

Turbine


Math each word with its appropriate definition.


1. Bituminous coal

                       ___ usable “hard coal”


2. Carbon



           ___ tectonic movement


3. Carboniferous Period

           ___ softer and lighter coal


4. Coal




           ___ energy used from coal


5. Earthquake 



           ___ between lignite and bituminous


6. Lignite



           ___”first coal age”


7. Peat




           ___ combustible mineral, used as fuel 


8. Sub-bituminous coal

           ___ highly organic material

Write a paragraph about the harmful effects of coal on the environment due to electricity production:

(1) What do you think is the most harmful effect due to coal and why?

(2) Do you think there are better ways to produce electricity? If so how? If not, explain why you think coal is the best way using the information provided.
--------------------------------------------------------------------------------------------

Conversion of Coal to Electricity Activity (Answer Key)
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Fill in the blanks of the parts of the electricity production process.

	Word Bank

	 Boiler

Generator

Pulverizer

Transmission lines

Transformer

Turbine


Math each word with its appropriate definition.


1. Bituminous coal



(1) usable “hard coal”


2. Carbon




(5) tectonic movement


3. Carboniferous Period


(6) softer and lighter coal


4. Coal





(2) energy used from coal


5. Earthquake 




(8) between lignite and bituminous 


6. Lignite




(3)”first coal age”


7. Peat





(4) combustible mineral, used as fuel


8. Sub-bituminous coal


(7) highly organic material

Write a paragraph about the harmful effects of coal on the environment due to electricity production:


(1) What do you think is the most harmful effect due to coal and why?

(2) Do you think there are better ways to produce electricity? If so how? If not, 
explain why you think coal is the best way using the information provided.
Lesson Closure: 
For subsequent lessons, looking at the chemistry of the combustion process would be recommended.  This would be a great way to lead in to a discussion about global warming. 

Assessment: Develop a grade scheme for the provided worksheet, this should determine how well the students understood the material. For the paragraph portion make sure to look and see how well the student supported their ideas and whether or not their reasoning was logical given the provided text.
Vocabulary / Definitions: 

· tectonic

· combust

· mineral

· fuel

· peat

· lignite

· bituminous

· coal

· carbon

· acid rain

· global warming

Background and Concepts for Teachers: 

· All the background information and concepts required for this lesson is included in the study guide.
Lesson Scaling: 

If parts of the lesson seem too advanced for the grade level simply take out that portion since there are three portions to the lesson. If the lesson seems too easy, add in a research portion of the lesson instead of the paragraph on environmental effects. The research paper could be over many things such as the working conditions of coal miners, a comparison of coal power to other energy sources, or a history of coal power.
Safety Issues: After reading the article on coal miners, discuss with the class why it is so dangerous to work in these mines.
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 



Teacher’s Comments: 





