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CO2 and Gas Mileage

Purpose:
Understand that CO2 has weight.



Understand that using a gallon of gas as fuel emits 20 lbs of CO2.


Understand why using a gallon of gas as fuel emits 20 lbs of CO2.

1.  How is CO2 weighed?


When I read the government explanation of why burning a gallon of gas in an internal combustion engine emits 20 lbs of CO2 at http://www.fueleconomy.gov/feg/contentIncludes/co2_inc.htm, I could understand the math but I had trouble understanding how to weigh the CO2.  Not with an ordinary scales, that I knew.

Students offered two helpful explanations.  One was to point out that if the CO2 was put under pressure it could be changed to a liquid or even a solid, both of which could be weighed.  Dry ice, the same student told me, is the solid form of CO2.  Helpful!

Another student pointed out that steam can’t easily be weighed, but when it condenses into water, it can be weighed.  After these two explanations, I got it.

2.  Burning One Gallon of Gasoline Generates 20 lbs of CO2

It seems impossible that a gallon of gasoline, which weighs about 6.3 pounds, could produce 20 pounds of carbon dioxide (CO2) when burned. However, most of the weight of the CO2 doesn't come from the gasoline itself, but from the oxygen in the air.

When gasoline burns, the carbon in the gasoline combines with oxygen to form carbon dioxide (CO2).

A carbon atom has a weight of 12, and each oxygen atom has a weight of 16, giving each single molecule of CO2 an atomic weight of 44 (12 from carbon and 32 from oxygen).
So the weight of each carbon atom has gone from 12 for carbon only to 44 for carbon plus two oxygens.  44 is  3.7 times 12.   (44/12)
Therefore, to calculate the amount of CO2 produced from a gallon of gasoline, the weight of the carbon in the gasoline is multiplied by 44/12 or 3.7.

Since gasoline is about 87% carbon, the carbon in a gallon of gasoline weighs 5.5 pounds (6.3 lbs. x 0.87).

So the weight of the carbon (5.5 pounds) times 3.7 = 20 pounds of CO2!
Answering the  following questions will help us understand the government explanation above.


1.  Carbon has how many (a) protons?  (b) neutrons? (c) electrons? 
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http://www.chemicalelements.com/elements/c.html

 Oxygen has how many (d) protons (e) neutrons (f) electrons?
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http://www.chemicalelements.com/elements/o.html
In an atom, the electrons really don’t weigh much compared to the protons and neutrons, so the atomic weight is the sum of protons and neutrons. 

2.  What is the atomic weight of 



(a) carbon?  



(b) oxygen?



(c) CO2  (one carbon atom and two oxygen atoms)?


(d) A CO2 molecule is how many times as heavy as a carbon atom?

3. 
(a)  What does a gallon of gasoline weigh?  


(b)  How much does the carbon in one gallon of gasoline weigh?


4. 
(a) The CO2 will weigh how many times what the carbon weighed?  


(b) What will the CO2 from one gallon of gasoline weigh?

3.  Gas Mileage, $$$, and CO2 Emitted Depend on Speed
Gas Mileage Tips
While each vehicle reaches its optimal fuel economy at a different speed (or range of speeds), gas mileage usually decreases rapidly at speeds above 60 mph.
Observing the speed limit is also safer.
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From  www.fueleconomy.gov  

5.   Estimate average mpg 



(a) at 60 mph 



(b) at 75 mph 



(c)  What is the percent decrease in mpg going from 60 mph to 75 mph?

6.  According to the US Department of Transportation (DOT) vehicles in the US 
average 12,000 miles per year.  How many gallons of gas would be needed to 
drive that distance in an average vehicle



(a) at 60 miles per hour? 


(b) at 75 mph? 


At $3.80 per gallon, what would the gas cost to drive an average vehicle 12,000 
miles at 



(c)  60 mph 



(d) 75 mph?  



(e) How much extra money would it cost you to drive 12,000 miles at 


75 mph instead of 60 mph? 



(f) What percent more does it cost to drive 75 mph compared of 60 mph?

According to the US Department of Energy each 5 mph you drive over 60 mph is like paying an additional $0.30 per gallon for gas.

Let’s check the DOE claim.


7.  Assume gas costs $3.80/gallon.



(a)  What is $3.80 increased by the percentage you determined in 6 (f)?


 
(b)  75 mph is how many 5 mph’s over 60 mph? 



(c)  According to the DOE in the claim on page 3, driving 75 would be 


like paying an extra  _______¢ per gallon for gas.  



(d)  $3.80 + 90¢ = $4.70.  How does this number compare to your 



calculation in (a)? 



(e)   Is the DOE claim: pretty accurate, an underestimate, or an 



overestimate?

4.  MPG and CO2 Emissions
Each gallon of gas burned puts 20 pounds of CO2 into the air.
2000 lbs = 1 ton

8.  If you are driving an average car 12,000 miles at 75 mph, 


(a) how many pounds of CO2 do you put into the air? 



(b) How many tons of CO2?


If you are driving an average car 12,000 miles at 60 mph, 


(c) how many pounds of CO2 do you put into the air?  



(d)  How many tons of CO2 is this?



(e)  Driving slower kept how many tons of CO2 out of the air?

9.  How many tons of CO2 would each vehicle put into the air every year on 


average driving 12,000 miles?  


(a) Ford Ranger, 15 mpg  



(b) Kia Forte Eco, 30 mpg  



(c) Toyota Prius, 45 mpg.


10.  Reflect.  Which ones of the following will reduce your carbon footprint?



(a) buy a higher mpg vehicle



(b) buy a lower mpg vehicle



(c)  drive 60 mph on interstates



(d) drive 75 mph on interstates



(e)  drive less



(f) drive more
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