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Introduction and Purpose

Few issues surrounding the pursuit of renewable fuels have been as controversial as production of corn ethanol.  Ethanol – also called ethyl alcohol or “grain alcohol” from the well-known beverages – is a simple alcohol that is commonly mixed with gasoline as a transportation fuel (e.g. “E10,” “E15” and “E85,” which are mixtures of 90%, 85% or 15% gasoline, and 10%, 15% or 85% ethanol, respectively).  

In the last few years, ethanol production has increased rapidly in the U.S., with over 231 plants operating in 2016 (producing nearly 1.6 x 1010 gal/year) and at least three more under construction.  As a renewable transportation fuel, ethanol has the potential to offset fossil fuel consumption and foreign oil imports, which have both climate change and national security benefits. Support for ethanol production comes from many sectors. Because most ethanol produced in the U.S. is derived from cornstarch, farmers, agri-business, and ethanol producers have been vocal advocates for increasing production. While the policy battle in Congress continues – and seems to be losing favor – legislators from farming states still promote subsidies for corn growers and ethanol manufacturers to make farming profitable and to promote renewable energy.

In addition to the often-cited benefits to increasing corn-based ethanol production, there are many issues of concern.  As farmers see greater profits in producing corn for ethanol production, corn produced for human consumption and animal feed decreases in supply, leading to increased food prices and potentially food shortages in economically vulnerable regions of the world.  As a higher agricultural yield is demanded from existing croplands, farmers must apply ever-greater amounts of fertilizers and pesticides, which is expensive, energy-intensive, and impacts surface water quality, groundwater resources, and has other environmental consequences.

Increasing corn-based ethanol production as a renewable fuel is an example of a complex problem that requires the integration of science, technology, economics, business, public policy, public health, and environmental analysis for good decision-making.  Through your class exploration, you’ll have the opportunity to investigate several aspects of the ethanol issue and appreciate the complex integration of science-business-public policy that’s needed to determine the future of ethanol as a renewable fuel source in the U.S. 

Background 

Chemically speaking, alcohols are composed of hydrogen and carbon atoms, but are differentiated from the familiar hydrocarbon compounds by the presence of an oxygen and hydrogen group (–OH) attached to one of the carbon atoms.  

Like hydrocarbon compounds, the bonds between hydrogen and carbon atoms in ethanol store energy that can be made useful through the process of combustion, making it a suitable transportation fuel.  Ethanol is either used straight (100% ethanol) in engines, or more commonly, it’s mixed with gasoline (e.g. E85).  Unlike the liquid hydrocarbons typically used for fuels, ethanol can be produced quite easily using yeast and sugar via fermentation.  This makes ethanol a renewable fuel on human time scales, in direct contrast to fossil fuels, which are hydrocarbons generated over millions of years by geological processes, as their name implies.  From a sustainability perspective, ethanol is and attractive energy source.

Its renewable nature isn’t the only proposed societal benefit of ethanol.  Since ethanol is produced from plants that can be regrown after harvesting, using it as a biofuel contributes much less net carbon dioxide (CO2) to the atmosphere in comparison with fossil fuels.  As the most abundant human-generated greenhouse gas, CO2 is the primary driver of recent global warming.  From a climate change perspective, ethanol is an attractive energy source.

So what’s the problem?  Or as the question is more appropriately phrased: what are the problems?  Like all complex natural and human systems, corn ethanol production and use is fraught with a number of interrelated scientific and social issues.  Choosing to pursue one option over another (e.g. using corn ethanol instead of gasoline) cannot be made by considering only one perspectives mentioned previously.  For example, burning bio-ethanol contributes less CO2 to the atmosphere than fossil fuels, but how much CO2 is produced from growing the corn and making the ethanol?  You’ll now explore some of the issues surrounding corn ethanol from several of these perspectives, see how they are related, and integrate this information for the purpose of decision-making in business.


Now read the Scientific American article, “Is Ethanol for the Long Haul?” by Matthew L. Wald, Jan 2007, Vol. 296 Issue 1, p. 42-49.


Trends in U.S. Corn Production and Use

Before looking at the scientific, economic, social and political issues with corn ethanol, it is important to understand historical trends in U.S. corn production and how it is distributed as a commodity.  

The Foreign Agricultural Service (FAS) of the United States Department of Agriculture (USDA) is the official repository of data on the production, supply and distribution of agricultural commodities by the U.S. and other important producing and consuming countries.  Similarly, the Economic Research Service (ERS) of the USDA keeps track of economic data associated with agricultural and natural resources in the U.S.

An Excel workbook titled U.S. Corn 1960-2013 STUDENT FILE.xls is located in the Course Documents on Blackboard.  Download the workbook and examine the contents.  Note that the units for the variables are billion bushels, except for area harvested, which is given in thousand hectares (ha).

1. Create a single X-Y scatter plot that shows (a) overall corn production and (b) area harvested from 1960 to 2015.  Plot the data as lines, not as individual points.  Plot the data sets on the same graph, but use a separate vertical axis for each; set your axis for area harvested to range from 0-40,000 hectares and your axis for corn production from 0-22 billion (bb) bushels.  
a. What factors might account for the large fluctuations in corn production from year-to-year?
b. Calculate the relative change (in %) in both corn production and area harvested from 1960 to 2015.  What changes in agriculture might account for the differences in yield between 1960 to 2015?
c. What happened to U.S. corn production in 2012?  What was responsible for this event?  (Do some research and provide a source for the information you cite.)

2. Create an X-Y scatter plot of the following variables from 1960 to 2015:
· Corn production 
· Exports
· Imports
· Feed
· Food
· HFCS
· Ethanol
· FSI (Food, Seed and Industrial)

Again, plot the data as lines, not individual data points.  Feed, food and ethanol are end-uses of corn.  “Feed” refers to the grain used as a food source for livestock, whereas “food” refers to the corn used for human consumption.  The latter includes seed and foods or other substances derived from corn, including corn syrup, starch, cereals and alcoholic beverages.  Ethanol refers to corn used specifically for the production of ethanol as a fuel or fuel additive.  Together, food and ethanol are in a category tracked by the U.S. Department of agriculture as “FSI,” or Food Seed and Industrial products.  This category also includes grain used as material for sowing crops, even though corn is not technically a “seed.”  Note that data for specific FSI categories have only been available since 1980.

a. What percentage of U.S. corn production was used for (a) food, (b) feed, and (c) ethanol in 1980? What percentage was used for each category in 2015?
b. How do you think these changes may have affected the availability and price of corn-based food products and why?
c. What impact did the 2012 low in corn production have on food compared to other categories (imports, exports, ethanol, etc.)?


After completing this exercise, read the one-page article from Science, “Cellulosic ethanol at last?” by Robert F. Service, 5 September 2014 • Vol. 345, p. 1111.



3. Corn ethanol as a transportation fuel represents a wicked problem in sustainability. The motivation behind the renewable fuels legislation was well intentioned, but its implementation has had both positive and negative outcomes.  (a) Summarize the pros and cons of corn-based ethanol as a renewable fuel, and (b) discuss a few unintended consequences and their impacts on society, the economy, and the environment. Your write-up should be approximately 3-5 pages.
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