Day 4 – Clean Coal Technology from TESSE Coal Module


Discussion of coal’s future as a clean energy source
(Lesson plan adapted from American Coal Foundation) 
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Overview:
Students learn about the process of generating electricity from coal, then research and present new methods of using coal to create electricity.  Specifically, students will learn about clean coal technologies. 
 
Objectives:
Students will:

1. examine a schematization of the process of generating electricity from coal, 

2. understand how electricity is delivered from generating plants to communities, and 

3. research current “clean” technologies for using coal to produce electricity. 

Time Needed:
Two class periods with time in between for research 
 
Materials:
· Printed packets of coal materials (for teachers and/or students)
· Computer with projection capabilities

· Internet access 
  

Discussion Questions:
How is electricity generated?
Where does the electricity you use in your home come from?

What is the most common fuel source for generating electricity?
 
Procedure:
1. Begin by explaining to students that electricity can be generated in many ways, including the burning of fossil fuels (coal, oil, and gas), powering nuclear reactors, or through solar, wind or hydro (water) generators.  Explain that about half of our country's electricity is generated by burning coal.


2. Ask students if they know how a natural resource such as coal is converted into electricity.   Show the power plant video from First Energy (http://www.firstenergycorp.com/tour/index.html).  Walk students through the different steps of generating electricity from coal: pulverizing the coal, burning the coal to create steam, generating energy to spin the turbine, creating electricity by spinning the magnets within the turbine, and cooling the steam to begin the cycle once again.


3. Ask students if they know how the electricity generated at a power plant gets to homes and communities. Walk the class through the route of delivering electricity from power plant to home. Ask students if they know where the closest power plant is located. Do they know where the substations are? Are there electric lines above or below ground? 


4. Ask students if they can think of any challenges or problems that using coal for fuel presents. Encourage them to think about air pollution, acid rain, sludge, and alterations to the landscape. Discuss as a class who should be responsible for managing these challenges. Should the government impose regulations on energy companies? What impacts might regulations have on the industry? On people who use electricity? Do students know of any new technologies that are being used to minimize the effects of coal mining and burning on the environment?

5. Explain to students that they will be researching other ways of using coal to create energy, aside from the method described in step 2. Assign each student one of the following clean coal technologies to research individually: 

1. Pre-combustion coal washing

2. Post combustion scrubbers/desulfurization

3. Low NOx burners
4. Fluidized bed combustion (FBC)
5. Gasification technologies
6. Combined-cycle systems
7. Carbon capture

8. Carbon sequestration
6.  Each student should answer the following questions about the technology they are researching:

a. How does it work? Create an illustration of the process. 

b. Where is it being used? Identify one or two locations on a map of the United States. 

c. What are the advantages of this method? 

d. What are the disadvantages of this method?

7.  Students can begin their research with the following websites: 

General Clean Coal Websites
-Cleaning Up Coal: http://fossil.energy.gov/education/energylessons/coal/index.html 
-Clean Coal Power Initiative: http://www.fossil.energy.gov/programs/powersystems/cleancoal/ 
-Clean Coal Technologies:  http://www.caer.uky.edu/cct/ccthome.html 
-Clean Coal Energy:  http://www.purdue.edu/discoverypark/energy/research/cleancoal.php 
-How Clean Coal Technologies Work:  http://news.bbc.co.uk/1/hi/sci/tech/4468076.stm
-Clean Coal Technologies:  http://world-nuclear.org/info/inf83.html
-What is Clean Coal Technology:  http://science.howstuffworks.com/clean-coal.htm 
-Can Coal Be Clean?:  http://www.sierraclub.org/sierra/200701/coal.asp
-Clean Coal Technologies:  http://www.iea-coal.org.uk/site/ieacoal_old/clean-coal-technologies-pages/clean-coal-technologies-flue-gas-desulfurization-fgd-for-so2-control-

Low NOx Burners Websites
-Low NOx Burners:  http://www.iea-coal.org.uk/site/ieacoal/databases/ccts/low-nox-burners 
-Low NOx Burner for Industrial Furnace:  http://www.gec.jp/AIR/data/Air-151.html 
 
Fluidized Bed Combustion
-Overview of FBC: http://www.fossil.energy.gov/programs/powersystems/combustion/fluidizedbed_overview.html 
-Overview of FBC: http://www.mcrcc.osmre.gov/PDF/Forums/CCB5/1.1.pdf
-FBC: http://www.nap.edu/openbook.php?record_id=4918&page=119 

Scrubbers and Washing
-Cleaning Up Coal (Scrubbers): http://www.easternct.edu/personal/faculty/loxsomf/EES%20306/Spring_07/4.%20Sustainability/Coal%20Scrubber.pdf 
Scrubbers are Necessary: http://www.epa.gov/history/topics/conserve/02.htm
-Washed Coal from Utilization Perspective: http://pulse.pharmacy.arizona.edu/resources/powerful_explorations/washed_coal.pdf 

Gasification and IGCC Websites
-IGCC: http://www.anl.gov/PCS/acsfuel/preprint%20archive/Files/31_2_NEW%20YORK_04-86_0262.pdf   
-Gasification Technology:
http://www.fossil.energy.gov/programs/powersystems/gasification/index.html
-Coal Combustion and Gasification:  http://www.ca.sandia.gov/crf/research/combustionProcesses/coalResearch.php 
-Gasification Technologies:  http://www.netl.doe.gov/technologies/coalpower/gasification/rd.html 
-Coal Gasification:  http://www.pnl.gov/news/release.asp?id=296 
-Gasification Tutorial:  http://www.nfcrc.uci.edu/EnergyTutorial/gasification.html 

Sequestration Websites
-Sequestration Overview:  http://www.fossil.energy.gov/programs/sequestration/overview.html
-Sequestration Technologies:  http://www.netl.doe.gov/technologies/carbon_seq/index.html 
-Geologic Sequestration: http://energy.er.usgs.gov/health_environment/co2_sequestration/ 
-Geologic Sequestration: http://www.fossil.energy.gov/programs/sequestration/geologic/ 
Carbon Capture Websites
-Carbon Capture Research:  http://www.fossil.energy.gov/programs/sequestration/capture/index.html
-CO2 Capture:  http://www.netl.doe.gov/technologies/carbon_seq/core_rd/co2capture.html 
-Carbon Capture Influence on Climate Change: http://regionaloutreach.pnl.gov/nwtechtoday/article.asp?id=50 
-Carbon Capture and Storage: http://wri.uwyo.edu/management.aspx?id=984 
-Carbon Capture and Storage: http://www.windows.ucar.edu/tour/link=/earth/climate/carbon_capture.html 

8.  After students have had time to conduct their research, put students into groups with the same topics.  These groups should have 3-4 people in them. Have students share their findings in their groups and discuss the assigned questions surrounding each method.  The groups will then present their research to the class in a short presentation.  To assess the other students during presentations, have those students in the audience record the answers to each questions for the methods that they did not research.  
 


