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VISUALIZING THE IMPACT OF BURNING COAL
By Molly Hazel and Steve Mattox-Grand Valley State University

Introduction: 
The United States has enough coal to meet its energy needs for the next few hundred years. Although this fossil fuel offers 
the possibility of energy independence, it is also directly linked with increasing carbon dioxide and mercury emissions. This 
lesson guides students through a set of activities that allows them to see their personal environmental impact of consuming 
coal. 

Notes for the teacher: 
Sample calculations and examples are presented in the lesson using data from the authors’ local power plant in West 
Olive, MI. Teachers can obtain data from their local power plants to use in their lesson. This lesson follows a guided 
inquiry format; teachers can follow the lesson as described our select individual activities that best match their teaching 
goals and students.  Answers to calculations are provided at the end of the lesson. Teachers may obtain sample coal kits 
can from the American Coal Foundation website.  We suggest having students keep a notebook or binder for notes and 
organizing handouts.

Grade Level:
8-10th grade

Objectives:
1. A student will be able to calculate their daily energy consumption and relate it to the amount of coal being burned to 

produce that energy.
2. A student will be able to visualize the volume of coal being consumed by an individual to produce electricity.
3. A student will be able to calculate mercury emissions from burning coal and relate them to the amount of time 

required to see a droplet of mercury in the palm of their hand. 
4. A student will be able to understand the negative impacts of mercury and other pollutants from coal combustion in 

the environment. 

MI HSCE Benchmarks met or partially met:

pollution.

Safety: There are no hazardous materials used in these exercises. Students should wash their hands after handling coal 
samples. 
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Engage – How Much of This Natural Resource Do You Use?

suggest the following questions:

Note: It may be necessary to mention/explain that coal has a relatively low density. In this respect, a very heavy piece will take up a 
lot of volume. It is not necessarily important that students select the correct representative picture. The activity is geared to give the 
instructor information about students’ prior knowledge of coal use for electricity. 

Have students compare and discuss their responses in groups of 3 to 4 students and then report their thoughts and 
estimates to the group.

The average American uses about 20 pounds of coal a day to produce the electricity that they use (Goodell, 2006).

Explore 1 – What do we use coal for in Michigan and the United States?

In this activity, students will determine the uses for coal in Michigan and estimate the percentages for each source of 
coal-generated electrical power in the state. 

Remove percentages and pass out 

f  

Have students estimate the percentage of electricity generated by each source listed in the bottom corner of the map. 
They may wish to consider the location of the plant when making predictions. Students should explain why they made 

community. 

After students complete the task, put an overhead up with all electrical source percentages provided by the website. Lead 
a class discussion exploring if their predictions were correct, the importance of coal in generating electricity, and the 
meaning of a non-renewable resource.

ACTIVITY CONTINUED ON NEXT PAGE 
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Explore 2 – How much coal do you (student) consume in one day, based on electricity use? 

electricity usage depending on appliances, computer, cell phone, iPod and other electrical devises used. Students will 

weight consumed and then convert to volume.

To begin, have students make a list of all the electrical appliances that they use on any given day. 
Then, have students compare responses with a group. Hopefully some students will have thought of indirect appliances 

If students are struggling, have them walk through their daily routine including turning on lights, water, etc. This could 
help them generate their list of appliances. 

http://www.eere.energy.gov/
consumer/your_home/appliances/index.cfm/mytopic=10040. 

An additional resource for describing the use of electricity is http://www.energysavers.gov/your_home/appliances/index.
cfm/mytopic=10040.
 

or in small groups. The calculations may take awhile. It would be reasonable to assign some of this as homework. Then, 
students would have the opportunity to count light bulbs, check other wattages, etc.

multiplying the wattage by the number of hours used in one day and dividing it by 1000. This will give the daily kilowatt-

Heating value and density information from USGS website is available at l. 

3



45 

Explore 3 – How Much Electricity does the Average American Consume? 

and using national data, the numbers come out to about 20 pounds.

Explore 4 – Visualizing the Volume 

Students may work individually or with a partner.

put up the Appendix A pictures on the overhead again. Have students match up their model to one of the pictures on the 
overhead. Most students will probably be close to the picture of about 20 pounds of coal. 

If the student is using the 20 lbs./per day in his or her calculation, the volume for 1 year is about 2.8 m3. Therefore, it 
would take up about the space of a large closet.

For discussion:

3. Students could determine 
how big that is in relation to the size of the room if time allows. 

Optional Visualizing Activity

As the discussion progresses, write the explanation next to each number:

ACTIVITY CONTINUED ON NEXT PAGE 
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Suggested Questions for Discussion:

of train.

Have students reflect on the discussion in their notebooks.

Explore 5 – What is Released into the Atmosphere When Coal is Burned? 

important, there are other toxins that we should be concerned about. In this activity, students will look at carbon dioxide 
emissions and then at mercury emissions related to coal combustion. 

different amounts of chemicals and toxins are present. In the past major problems have resulted from lax regulations 
on power plant emissions. 

such as acid rain have led 
to more emissions control 
in the United States.The 
main cause of acid rain is 
sulfur dioxide and nitrogen 
oxides emissions from 
burning fossil fuels. Stricter 
restrictions on sulfur and 
nitrogen emissions have 
helped to reduce the effects 

After discussing acid rain, 
ask students about:

talked about frequently 
in conjunction with 

2 emissions.

graph that depicts 
carbon dioxide 
emissions from the 
burning of fossil fuels Figure 1: Carbon Dioxide Emissions by Fuel Type in the U.S.

Graph made with data from Energy Information Administration; “(CO2) History from 1949.” 
Official Energy Statistics from the U.S. Government. http://www.eia.doe.gov/environment.html.  
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than petroleum.
 

f    
http://www.atsdr.cdc.gov/toxfaq.html

Introduce the material to the students:

small amount of mercury, which could be harmful.  The second information sheet provides information about mercury 
dangers, hazards, and safety precautions, including the steps to clean up a spill. Have students take a few minutes to read 
over this information. Briefly discuss hazards associated with mercury and mercury spills. 

Students should be able to work independently on the activity. After the worksheet is complete, have students reflect 

Authors’ reflection: We think that this is really strange because the precautions taken to cleanup a 5 mg spill and quite extreme. In 
reality, over 200,000 g of mercury are released into the atmosphere every year our own local power plant in West Olive. 

Note: It may be beneficial to review major concepts before continuing with the lesson. 

Elaborate 1 – How Close are the Mercury Estimations? 

Plant made the map as one of the top 100 emitters of mercury! Students can go online to see if their estimations were 
close. Students can also see how the power plant compares to other power plants and states. The source of information 

Have students go to: http://www.usatoday.com/news/mercury-emitter-map.htm or project the interactive map/screen on 
the overhead. 

ACTIVITY CONTINUED ON NEXT PAGE 
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Elaborate 2 – Other Costs to Using Coal 

In prior activities, the class learned about the pollutants associated with the burning of coal, such as greenhouse gases and 

electricity bill or even at the power plant. In this activity, students will investigate the health effects of coal combustion. 

Have students read the articles below, or compile their own similar search results.
 http://www.usatoday.com/news/nation/ 

2007-01-01-mine_x.htm 
 http://www.wvgazette.com/

 

 f 

Also, visit the following website
: http://www.courier-journal.com/cjextra/blacklung/index.html 
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Appendix A: How much of this natural resource do you consume in one day?
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Appendix B: How Much Coal Do You Consume in One Day?
A. Work with the Class:

that electrical device in one hour.

B. Estimate Your Daily Consumption of Electricity:

Appliance Watts (1 hour) Kilowatts Total Hours Used Total kWh

Total

C. Using your estimated electricity consumption:

the coal came from, it will have different energy values. This means that it will produce different amounts of heat when 

Use the conversion factors to calculate the weight of coal burned in the space below.

What is the volume of coal burned to produce ________kWh of electricity?

below to show your work.

The grams will cancel and leave cubic centimeters as the units. Use the space below.

Sum it up! 

that amount of electricity to meet my electrical needs.
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Appendix C: How Much Coal Does the Average American Consume in One Day?
Another way to calculate daily consumption is to use information about the coal mined per year and the number of people 

Two different methods are shown. The amount of coal calculated will vary slightly depending on the source of information. 
However, this gives a general picture of daily coal consumption.

Version 1:
http://www.census.gov/. 

  As of April 12, 2008, the U.S. population was about 303,837,000 people.
http://www.eia.doe.gov/cneaf/coal/

page/acr/acr_sum.html

2,053,200,000,000 pounds of coal per year 
for electric power generation.

1. Using the numbers above, or more recent numbers from the internet, calculate the average amount of coal consumed 
by each person per year.

Version 2:
http://www.

cdc.gov/nchs/fastats/lifexpec.htm. 

   As of April 12, 2008, the average life expectancy was 78 years.

http://www.mii.org/. 
  As of April 12, 2008, the average coal consumed per lifetime is 578,956 pounds.

4. Use your daily consumption that you calculated and average it with the values obtained above.

ACTIVITY CONTINUED ON NEXT PAGE 
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Appendix D: Burning Coal for Electricity—Putting Mercury in the Atmosphere
Although many people would like to think that modern coal plants are cleaner burning than their dirty, toxins-emitting 

States today. There are many different factors to consider with mercury emissions, including the type of coal burned and 

percent of the mercury is removed in the combustion of coal. 

Part 1:

0.09 
grams of mercury for every 1000 kg of coal*. 

kg/cm3

Part 2:

2 g. 
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Appendix E: How Accurate are the Mercury Emission Estimations?
http://www.usatoday.com/news/mercury-emitter-map.htm

your worksheet, ask your neighbor or your teacher.

experimental – actual  *  100
    actual

ACTIVITY CONTINUED ON NEXT PAGE 
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Appendix F:  Answer Keys
For Appendix B:

3

Example of Daily Electricity Consumption (Estimate of Student Consumption)  
Appliance Watts Hours kWh  
Alarm clock 10 24 0.24  
Humidifier 785 8 6.28  
Laptop computer 50 5 0.25  
Desk lamp 60 3 0.18  
Blow dryer 1500 0.1 0.25  
Bathroom light 2 x 60 1 0.12  
Electric water heater 4500 0.3 1.5  
Refrigerator * 2 x 725 24 11.6  
Living room light 3 x 60 4 0.64  
Microwave 900 0.2 0.18  
Toaster oven 1225 0.2 0.245  
Coffee pot 950 3 2.85  
Television 80 1 0.08  
Kitchen light 3 x 60 4 0.48  
DVD player 20 1 0.02  
Vacuum 1000 0.1 0.1  
*This has an exception, divide the total hours by 3  
  
Total 25.015 kWh  
  
1 kWh = 3415 Btu Coal fromPowder River:  

 25.015 kWh  3415 Btu  1 lb

31.7 
lb * 453.6 g/lb 14379.1 Grams

  1 kWh 2697 Btu  
Powder River coal is Subituminous Coal (Mid-grade) with a density of about 1.175 g/cc.  
  
Powder River: 

grams x density  = 12238 cc  
  
By taking the cube root of the volume calcuations, students could use a ruler to visualize the size

of the piece of coal. Remind students that this much is used everyday. This will lead into later 

discussions about the amount of coal used in a person’s lifetime or the amount of coal needed

to supply the electricity for a particular city/state, etc.  
This estimation for coal usage would require a piece approximately 23cm x 23cm x 23cm.  
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For Appendix C:

4. 20.3 lbs.  coal per day

For Appendix D:
Part 1

Part 2

 b. 44,444 kg

  i. 11.8 g

 
For Appendix E:

3. 402 pounds


