How Big is CO2?

Climate Change Backpack  Extension Activity
Pat Harcourt
Take Away Points

· The atmosphere is a thin film of gases covering the surface of the planet.
· Almost all atmospheric weather and climate factors occur in the troposphere, the lowest part of the atmosphere, which is only about 10 miles (16 kilometers) thick
· Carbon dioxide is part of the atmosphere, where it acts to trap heat.
· Carbon dioxide levels in the atmosphere are increasing from the combustion of fossil fuels.

· Combustion of one gallon of gasoline results in emissions of 19.6 pounds of CO2, with a volume of 158 cubic feet of CO2.
· In 2003, about 32% of US CO2 emissions came from transportation
· Individual actions can greatly reduce the amount of CO2 emissions from our daily activities. 

· Fuel efficient cars produce less CO2 per mile driven than inefficient cars.
Key message
The combustion of fossil fuels adds a tremendous amount of carbon dioxide to the atmosphere.  Transportation emissions contribute about one third of the carbon dioxide emitted annually in the US. Individual actions can reduce CO2 emissions in our daily activities.  
Activity

In the first part, participants will draw a diagram showing how relatively thin the earth’s atmosphere is. They will then use props to outline the volume of CO2  emitted by the combustion of one pound and one gallon of gasoline. They will choose energy efficiency and energy conservation practices to offset or reduce the volume of CO2  emitted.

Materials

· Length of string or light rope 6 feet  (or 2 meters) long

· Chalk and a chalkboard, or a marker and newsprint taped to the wall, or chalk and a paved area outdoors

· 12 lengths of string or light rope measured and marked at lengths of 2 feet  (about 63 cm)

· 12 lengths of string or light rope measured and marked at lengths of 5 feet 5 inches (165 cm)

· Note: You may wish to use longer pieces of string to represent more than one side of a cube. In that case, just mark along the string at the proper distances. 

· Conservation actions table

Time needed: At least one hour to review background materials and prepare string or rope. About 45 minutes total for parts one and two of activity.
Procedure

Part one: The atmosphere to scale (modified from a section of "Global Warming and the Greenhouse Effect," Great Explorations in Math and Science (GEMS) series)
1. Review the role of atmospheric carbon dioxide in trapping heat. (See Handbook section on the Greenhouse Effect).
2. Introduce the “atmosphere to scale” activity. Show participants the poster with the layers of the atmosphere labeled with the thickness of each layer. Have them find the troposphere, the layer where the atmospheric movements and interactions we call weather and climate occur. The troposphere is about 10 miles or 16 km thick.

3. Tie a marker or chalk to one end of a 6-foot (approximately 2-meter) string. Stand on the other end, and draw an arc with a radius of 6 feet (2 meters) on a chalkboard or piece of newsprint on the wall.  If you are outdoors, you can use chalk to draw on pavement.  Ask a participant to hold one end of the string and another to draw a circle with a radius of 6 feet on the ground.

4. Explain that the radius of earth is about 4000 miles  (6400 km). Using the scale of 72 inches  to represent 4000 miles, (for metric, use 200 cm to represent 6400 km) how thick should we draw the troposphere on the arc representing the surface of  the earth?

5. On a scale of 72 inches : 4000 mi, one inch represents about 55.5 miles. For a diagram using a 6-foot length of string, the troposphere should be drawn at a thickness of about  0.18 inches (between 1/8 and ¼ inch) along the surface of the earth.  Have a participant use a ruler and a pencil or marker to draw the troposphere to scale on the diagram.

For metric, use a scale of 32 km : 1 cm. The troposphere should be drawn at a thickness of about  0.5 cm along the surface of the earth.
6. To find the thickness to scale for other examples, multiply the diameter of the object by 0.0025. for example, on a globe about 30 cm (1 foot) in diameter, the atmosphere would be about the thickness of a piece of paper (0.03 inches or 0.7mm)

7. Discuss the role of the atmosphere in climate. Some questions could include 

What did you learn about the atmosphere in this activity? 

It is very thin relative to the volume of the earth


How does each of the following factors influence the temperature of the 
atmosphere?  Land masses, oceans, sunlight, carbon dioxide, clouds


Land masses and water exchange heat with the atmosphere.  Sunlight is the source 
of energy to warm the earth. Carbon dioxide and other heat-trapping gases in the 
atmosphere absorb heat and retain it in the atmosphere. Clouds can act to reflect 
incoming sunlight or to hold heat in the atmosphere.

What is the trend in the concentration of carbon dioxide in the atmosphere over the 
last century?


The concentration of carbon dioxide in the atmosphere has increased from 
about 280 ppm in 1880 to 375 ppm by 2005.  The concentration is now higher than 
it has been for at least 600,000 years. The increase is due to fossil fuel combustion 
and deforestation.
Part 2: Visualizing carbon dioxide
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Use a model or image to introduce carbon dioxide molecule.  Identify it as a heat trapping gas (also called a greenhouse gas) and point out that although CO2 makes up only a small part of the atmosphere, it (along with other greenhouse gases) has the effect of keeping the surface of the earth about 33( C  (about 59( F) warmer than it would be without it. The more CO2 there is in the atmosphere, the more heat is trapped. The amount of CO2 in the atmosphere varies according to how much is taken up by the oceans, plants, and soil, and how much is emitted to the atmosphere by these sources and in addition by fossil fuel combustion.
2. Explain that global fossil fuel combustion adds about 6 Gigatons of CO2 to the atmosphere each year. 1 Gigaton = 1 billion metric tons, or 1 trillion Kg, about 2.2 trillion pounds.  One gigaton is equal to the weight of about 2750 Empire State Buildings, or about 142 million African elephants. 
In the United States, about 33% of fossil fuel emissions are from transportation. In 2004, US CO2 emissions from transportation amounted to 1,933.7 million metric tons.  Since it is difficult to visualize such large amounts of CO2 , participants will construct models showing the volume of CO2 emissions for common transportation uses.
Ask participants: How much space does one pound of CO2  take up?  Of course, according to the gas laws of physics, it depends on the temperature and pressurepace would one pound of on uses.
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. At standard temperature and pressure, one pound of CO2 takes up 8.9 cubic feet, or a cube a little more than 2 feet on each side. 
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A cube two feet on a side represents the volume 


of one pound of CO2. this is about the same size

as a dishwasher.
Have participants model this using a measuring tape and lengths of string or light rope. Have two or more participants hold two-foot lengths of the string in the shape of a cube.  
Presenters may want to construct a model of the volume of one pound of CO2 to keep for display using quarter-inch dowels. Each side should be 24.86 inches (63.2 cm) long.

4. Next, ask participants to estimate the volume of CO2 emitted from the combustion of one gallon of gasoline.  Although one gallon of gasoline only weighs about 6 pounds, the carbon in it combines with oxygen during combustion to produce 19.6 pounds of  CO2 per gallon of gasoline burned.  The volume of this amount of CO2 is 174.4 cubic feet.  To model this, have participants use a measuring tape and string or twine to make a cube 5.6 feet (about 5 feet 7 inches or 170 cm) per side. 
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A cube 5.4 feet on a side represents the 







volume 
of CO2 generated from burning one 







gallon of gasoline
Have participants lay out a square of string on the floor or ground using the proper measurements. Ask four participants to stand at a corner so each of them represents one vertical edge of the cube. Have the participants hold strings between them at a height of 5 feet 7 inches to represent the top edges of the cube. 

5. The model you just made represents the volume of 20 pounds of CO2. Let’s see what we can do to reduce the amount of CO2 emitted to the atmosphere by our own activities.

Have the group brainstorm ways they could save energy at home, at school, or traveling.  Show them the “Conservation Actions” chart and other resources such as the EPA Global Warming Wheel Card and choose actions they will pledge to perform in order to offset the 20 pounds of  carbon dioxide emissions from one gallon of gasoline. Each member of the group can choose an action so that the total emissions saved by the group adds up to 20 pounds. If the group can pledge to reduce daily emissions by more than 20 pounds, it’s even better! 

6. As participants choose actions to undertake, discuss the benefits of reducing carbon dioxide emissions, including improving air quality, reducing the rate and severity of temperature increases, and conserving natural resources.  

7. Discuss how the volume of CO2 emitted per vehicle is related to the fuel efficiency. For example, a car that get 40 miles per gallon emits less CO2 per mile than one that gets 25 miles per gallon. Discuss the benefits of reducing the amount of CO2 emitted to the atmosphere by driving fuel efficient cars. You can refer participants to www.fueleconomy.gov  , an EPA sponsored web site with lots of information on fuel efficiency and vehicle carbon dioxide emissions.
8. Remind participants that reducing emissions is an important part of  changing present energy habits. The complementary component is to incorporate renewable sources of energy to produce electricity and power transportation. 

Extensions: 

· Presenters may wish to construct a model of the volume of CO2   that is emitted from the combustion of 10 gallons of gasoline.  About 1580 cubic feet of CO2  are emitted from the combustion of 10 gallons of gasoline. 

To model this, you can outline a cube 11.6 feet on a side.  This can be done with 
rope outdoors between trees, or by constructing the cube using tent poles or 
lightweight lengths of wood. If there isn’t enough room to build the whole cube, you 
may be able to paint the outline of one side of the cube on an outdoor or indoor 
wall.
· Ask participants to figure out how much CO2 their cars emit in a typical week. Combustion of each gallon of gas results in emissions of about 20 pounds of CO2.
· Calculate with participants how much CO2 was emitted to get to this location. To do this, divide the distance traveled by the fuel efficiency in miles per gallon of the car, then multiply the number of gallons used by 158 cubic feet.

Sources of information 
Carbon Dioxide Information Analysis Center  Oak Ridge National Laboratory is the primary global-change data and information analysis center of the U.S. Department of Energy (DOE). http://cdiac.ornl.gov/pns/faq.html
EPA global warming resource center http://yosemite.epa.gov/oar/globalwarming.nsf/ 

US Department of Energy Office of Energy Efficiency and Renewable Energy http://www.eere.energy.gov/  
Conservation Actions Table
	Energy conservation action
	Notes  

For this activity use an average of  2 lbs CO2 per KW hour

	Pounds of carbon dioxide saved

	Turn off computer overnight
	Computer uses ~ 200 watts

Turning off for 16 hours instead of leaving it on overnight saves 3.2 KW hours
	6.4 lbs saved

	Turn off lights in room when leaving
	For a room with 3 100-watt bulbs,  turning them off for 3 ½   hours when they are not needed instead of leaving them on saves 1.05 KW hour
	2 lbs saved

	Hang laundry on clothesline or rack instead of using dryer
	Clothes dryers use about 3000 watts per load or 3 KW hours
	6 lbs saved

	Take the bus to school instead of getting a ride in the car
	For a student who lives 2.5  miles from school and a car that gets 25 miles per gallon, this saves  1/5  of a  gallon per trip and 4 lbs of CO2
	4 lbs saved

	Recycle
	Recycling paper, plastic, glass, and metal saves about 1200 lbs of carbon emissions per year, or  3 lbs per day
	3 lbs saved

	Turn off television
	Turning off a 21” color TV  instead of watching for 3 hours saves about 1 KW hour
	2 lbs saved

	Take a shorter shower
	Taking a 10 minute shower instead of a 20 minute shower saves about 2 lbs of CO2  per shower
	2 lbs saved

	Walk or bike to a friend’s house instead of riding in a car
	For a friend who lives a mile away, you can save about 1/10 of a gallon of gas by walking or biking.
	2 lbs saved

	Close the refrigerator door right away 
	If you regularly close the refrigerator door instead of holding it open while you are “just looking”,  you can save up to 1KW hour of electricity per day.
	2 lbs saved


Sources: US EPA  and NESCC
    Compiled by Pat Harcourt
