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Analyzing Fuel Carbon Footprints: Gasoline, Ethanol and Electricity

Introduction
Burning gasoline, a fossil fuel, in cars produces the greenhouse gas, carbon dioxide. Carbon dioxide contributes to global climate change. We have several options besides gasoline for powering our cars – electricity and biofuels like ethanol. 
Scientific Question: Which option has the smallest carbon footprint and contributes least to global climate change?
The data below allow us to answer this question. But first we have to understand where they come from and what they mean.
	Fuel
	Total CO2 equivalents
(kg/mi)

	Gasoline (100% gasoline)
	0.43345

	Cellulosic Ethanol (E100) made from switchgrass
	0.0896

	Electricity made from coal
	0.3915

	Electricity made from natural gas
	0.1958



The data come from a Life Cycle Analysis of each of the ways of powering a car. Analysts look at the whole “life” of the fuel. They start from the time it comes out of the ground in the case of the fossil fuels (gasoline, coal, and natural gas) or when seeds go into the ground in the case of ethanol. They look at every step along the way until the fuel is in the car and the car is moving. At every stage, analysts look to see how much carbon dioxide or other greenhouse gas is emitted. The numbers in Figure 1 are the total amount over all of the stages of the fuel’s production and use. 
Greenhouse gases are not all equivalent in how much they affect climate. For example, 1 kg of methane will lead to 25 times more warming over a hundred years than 1 kg of carbon dioxide. Because of this, analysts report the CO2 equivalents emitted during the production and use of each fuel. So if 1 kg of methane is produced, it is reported as 25 kg of CO2 equivalents. In this way, we can compare the warming effects of each power source regardless of the combination of greenhouse gases that are given off during its life cycle.
Discussion Question: for each power source, list all of the steps you think should be analyzed. Remember that if a step requires energy (thermal or mechanical), it will have a carbon footprint.
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Analysts think of the life cycle of fuels in three broad stages:  ground or field to processor, processing to fuel or electricity, and operation of the vehicle. For each fuel source, sort the steps your class generated in response to the last discussion question into this chart. Record any steps additional steps that come to mind. 
	Fuel
	Ground/field to processor
	Processing fuel/electricity
	Vehicle Operation

	Gasoline (100% gasoline)





	


	
	

	Cellulosic Ethanol (E100) made from switchgrass




	
	
	

	Electricity made from coal
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	Electricity made from natural gas





	
	
	






Here are the data shown in Figure 1 broken down by stage.
Figure 2. Life cycle analyses of different fuels broken down into stages. All units are in CO2 equivalents measured in kg per mile driven.
	
	Ground/field to processor
	Bioenergy credit
	Processing to Fuel/electricity
	Vehicle Operation
	Total CO2 eq (kg/mi)

	Gasoline (100% gasoline)
	0.0295
	
	0.0597
	0.3443
	0.4335

	Cellulosic Ethanol (E100) made from switchgrass
	0.0781
	
-0.3126
	-0.0007
	0.3248
	0.0896

	Electricity made from coal
	0.0227
	
	0.3688
	0
	0.3915

	Electricity made from natural gas
	0.0306
	
	0.1651
	0
	0.19578



Making Sense
1. The first column of data shows the CO2 equivalents produced when the fossil fuels are removed from the ground and transported to refineries or power plants. For cellulosic ethanol, it shows the CO2 equivalents produced from the vehicles that plant, fertilize, harvest and transport the switchgrass, plus greenhouse gases produced by the soil. There is another piece of data associated with this stage of cellulosic ethanol production – the bioenergy credit. This number is negative, meaning that CO2 or other greenhouse gases are removed from the atmosphere. Explain how this happens.






2. Like gasoline, cellulosic ethanol produces CO2 when burned in a car engine. You can see this because both fuels have virtually the same CO2 equivalents when the car is operated. So why is cellulosic ethanol a better option than gasoline? Answering this question requires that you trace the carbon that comes out of the tail pipe of a car burning ethanol back to its source. 



 
3. For each fuel source, which stage has the largest carbon footprint?






4. Looking at the number of total CO2 equivalents produced for each fuel source, organize the fuel sources from smallest to biggest carbon footprint. 









5. Cellulosic ethanol made from plants such as switch grass is just now becoming available in a few areas. The next best choice is electricity made from natural gas. Use this site to determine where the electricity in your state comes from. http://www.eia.gov/state/





Looking to the future
6. The carbon in ethanol is recycled. It came from the atmosphere. The switchgrass used it. The switchgrass material was converted ethanol. The ethanol was burned releasing CO2 back into the atmosphere. Unfortunately some of the benefits of this are offset by the carbon footprint from processing the switchgrass material to make ethanol. Using electricity in a car has no carbon footprint, but the production of electricity using fossil fuels does. How could we combine the best parts of these two ways of powering a car (switch grass and electric cars) into a method for moving cars with a very low carbon foot print?

7. Sometimes expense and/or inconvenience keep us from making the best choices for the environment. In the table below, write any extra expenses or inconveniences associated with the two most environmentally-friendly was of powering cars.
	
	Extra expense
	Inconvenience

	Ethanol (E85) Cellulosic (100% switchgrass)

	


	

	Electricity from Natural Gas


	

	






8. What technology improvements would make the best environmental choices cheaper and more convenient?




How Life Cycle Analyses Work
9. Explain how Life Cycle Analyses give us meaningful data for comparison of complex processes.
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