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I. Introduction

With the state of economy in despair, one thing is certain: nothing is certain. That remains true with energy resources as well. As the price of oil and gas increase, Americans have become more concerned and aware of alternative fuel resources. A reduction in worldwide petroleum reserves along with a growing demand from the United States as well as China, India, Brazil and others has developed into an insecure and unstable state regarding energy resources.
 


Energy source consumption rates from 2007 show that in the United States, 39.8% of total energy consumption came from petroleum; this is a slight decrease from 2005 when 40.1% of total energy consumption came from petroleum. Statistics  clearly show how America remains dependent upon foreign oil and petroleum for everyday needs and how far we have to go as a country in order to make the nation more reliable on alternative resources as well as more aware of the effects harsh energy sources has on not only our economy but our environment as well. Despite movements and efforts towards the use of alternative fuel resources, energy source consumption rates show a very slight decrease in the use of petroleum from the years 2005 until 2007.


Of the 1.32 trillion barrels of oil which remain throughout the world, the United States only contains 1.6% of that oil.
 Far more alarming to the people of the United States is that 8.7% of that oil reserves are in Iraq, 10.3% is in Iran, and 19.9% is in Saudi Arabia. 
  This vast imbalance of petroleum reserves and usage has turned into one of the most threatening and dangerous weapons in world affairs. President George W. Bush addressed this threat of foreign oil dependence in his 2007 State of the Union address and the alarming truth that “ it leaves us more vulnerable to hostile regimes, and to terrorists- who could cause huge disruptions of oil shipments, and raise the price of oil and do great harm to our economy.”


Gasoline shortages, political turbulence and uncertainty in the Middle East, as well as government policies and state and federal regulations are all factors which have contributed to the growth in the ethanol industry.  A lot of hype surrounded the ethanol industry starting in 2007. In 2007 the Indy Car Series announced they would be using 100% ethanol blends instead of 10% blends.
  The Indy Car Series prides itself on being a leader in renewable and environmentally safe fuel products. It also sends out a strong message that if powerful and fast Indy Cars can run safely and effectively using only 100% ethanol, so can everyday vehicles.
 However questions and concerns have been raised regarding ethanol as an alternative fuel source as the economic state and price of ethanol resources fluctuates.  These concerns have lowered the positive hype surrounding the corn-based alternative fuel source.

In order to get an understanding of what the future may hold, a look at the past is often a great predictor. This paper will address and discuss: (1) What is ethanol? This includes not only a brief description of the actual composition of ethanol but also some historical background regarding the use of ethanol; (2) The production of ethanol; (3) Environmental Impacts of Ethanol; (4) Economic Impacts of Ethanol; (5) Current Regulations and Ethanol Mandates; (6) and Other Alternatives and Mandates to Ethanol Usage.  

II. Background: What is Ethanol? 


In order to understand why or why not ethanol should be used and for what purpose, it is important to know what ethanol is and where it comes from. Ethanol is an alcohol-based fuel that is made by fermenting and distilling crops that have been broken down into simple sugars.
  Ethanol can be made from different starch crops. In the United States ethanol is generally made from corn or sorghum.  In other countries, Brazil in particular, ethanol is made from sugar came.
 


Ethanol isn’t a new discovery. President George W. Bush declared that America was addicted to oil in his State of the Union speech, but he certainly wasn’t the first to address the issue. Past presidents Jimmy Carter, Gerald Ford and Ronald Reagan also discussed many of the same issues regarding America’s high usage of oil. However, it wasn’t until the Bush era that there was such a strong push for alternative fuel sources. 


The United States government has backed ethanol to a limited extent since the 1970’s by providing tax exceptions or direct subsidies for producers of ethanol. Early ethanol awareness was largely due to the fact that the early 1970s was a time of gasoline shortages caused by political unrest in the Middle East as well as a time of increased reliance on petroleum as a source of energy which was vital to fuel economic growth. Oil deficiency began to materialize in the industrialized world, causing great concern.
 Not only did the Organization of Petroleum Exporting Countries (OPEC) increase their prices, the Arab oil ministers also cut the oil production and embargoed the United States, which caused a worldwide energy crisis.


Another energy crisis and shock to the United States occurred later in the 1970’s. In 1978 the Iranian oil industry shut down and exports were brought to a standstill.
 The uncertainty caused by the disruption in Iran resulted in panic buying which in turn caused prices to soar. 
 About the time the Iranian oil industry showed positive signs of recovery and oil markets became more secure, war broke out between Iraq and Iran. This caused a dramatic decrease in exports and prices increased drastically.


The lack of control in which the United States had over outside resources as well as the alarming growth of uncertainty were grounds for policymakers to begin to think about alternatives to petroleum fuel in which they could have some control over. Agricultural alternatives were looked to as a reliable source of energy and legislation was passed to encourage the production of ethanol as well as other alternative sources.
  This interest in agricultural alternatives also created a new market for farmers who suffered from low commodity prices as a result of frequent crop surplus. 


Ethanol producers received their first major tax credit in 1978 when the National Energy Act of 1978 was passed. This Act gave ethanol blends of at least ten percent a 40 cent per gallon exemption from federal motor fuels tax. 
 This act concluded on September 30, 1984. The next piece of legislation was passed shortly after in 1980. This act, the Energy Security Act, was aimed at helping small ethanol plants in their production of ethanol by offering insured loans to such plants which produced less than one million gallons per year. This act was enacted in hopes to prepare a plan that would increase the production of ethanol to at least ten percent of the entire gasoline supply by the end of the year 1990.
  Legislation was also passed which provided an incentive on the side of automakers.  In 1988 the Alternative Motor Fuels Act was passed which provided credits to those automakers in order to meet their corporate average fuel efficiency standards.


The government has shown support for ethanol to some degree since the 1970’s but it wasn’t until two pieces of legislation were passed in the 1990’s which brought on many increases in the production of ethanol.  In 1990, the Clean Air Amendments was passed which required additives to gasoline to “oxygenate” fuel. This created a motor fuel which burned cleaner and created less pollution.
 One of those additives required in gasoline was ethanol. This piece of legislation stimulated an increase in production and the blending of plant- derived alcohol fuel. 


In 1992 another piece of legislation was enacted which also boosted the use and production of ethanol. President George W. Bush signed the Energy Policy Act of 1992 into law which set a goal of replacing 30 percent of conventional fuels in cars and light trucks with alternative fuel sources by 2010.
 As a result of these major pieces of legislation, The United States saw an increase in the production of ethanol.  By the early 2000’s, U.S. ethanol producers were distilling 1.7 billion gallons of ethanol.
 This doubled the production of ethanol in 1990, yet still only replaced two percent of U.S. automotive fuels.

III. Production of Ethanol 


The majority of ethanol production is focused in the Midwest.
 Due to the fact that more than 80% of ethanol produced in the United States is produced solely from corn, most ethanol production plants are located close to farm land.
 Iowa, which leads the nation in corn production, is home to more than 35 ethanol plants while eight plants are either under construction and being built or expanded.
 With the Iowa ethanol plants already in production along with those in construction, Iowa has the capacity to produce 3.5 billion gallons of ethanol. 
 In order to produce this large quantity of ethanol, 50% of the corn crop in the year 2007 would be used for ethanol production.


Although various state mandates were passed before the Energy Act of 2005, it was the federal mandate which promptly drove the investment in and the construction of ethanol facilities. By 2007, there were 134 distilling plants constructed in the United States, with another 77 plants under construction.
 The completed plants alone had the capacity to produce over 7 billion gallons of ethanol while the 77 plants under construction could produce another 6 billion gallons upon completion.


It makes sense that so much of United States ethanol is produced from corn when you look at exactly how ethanol is made. Ethanol is defined as a “clear, colorless liquid that can be produced from any biological feedstocks that contain appreciable amounts of sugar.” 
 Ethanol production is reliant on the existence of simple sugars like starch and production is most efficient when it is derived from those crops which have a concentrate of starches in their seeds, which is why corn is a productive way to produce ethanol.


The two common methods used to produce ethanol are wet milling and dry milling.  The most used method for ethanol production is dry milling. In Iowa alone, 31 ethanol plants use the dry milling production method while only 4 use wet milling.
 Dry milling is a process in which the entire kernel of corn is first ground into flour and then the starch in the flour is converted into ethanol through the fermentation process.
 In the wet milling process the corn kernel is separated into starch, protein, germ, and fiber in an aqueous medium prior to fermentation.
 


The dry milling production method contains six steps. Those six steps include: 1) the corn is ground so that it can be more easily and quickly processed; 2) the ground corn is cooked at a high temperature and pressure to break the starch into glucose molecules; 3) the product from the second step is allowed to ferment; 4) the material is added to a distillation column and heat is added to boil off the ethanol which separates the ethanol from the non-fermentable components; 5) the ethanol produced in step four is dehydrated through distillation; and 6) once distillation is complete, the non-fermentable components of the feedstock are processed.
  This six-step process brings up a central issue which is under much debate surrounding ethanol production: Does the production process consume more energy then it creates?


There remain many inconsistencies in the argument surrounding the balance of energy in ethanol production. Various studies show that ethanol produces more energy that what is consumed during production. A 2002 Michigan State University study found a positive energy correlation stating that ethanol produced from corn provides 56 percent more energy that what is consumed in the actual production.
 


Along with the positive studies, there have also been studies which argue the opposite: that ethanol production using corn produces a negative energy return. A Cornell University study found that the energy needed to produce ethanol is greater than the energy output it produces.
 It is hard to know which studies are more accurate because of the estimates used in finding a balance. The studies which show a negative energy output lead to more studies and opinions which argue that cellulosic ethanol may be seven to eight times more efficient than corn-based ethanol.
 Switchgrass, which would be considered cellulosic ethanol, arguably has an energy output/input ration more than 3.5 times that of corn ethanol.
 Along with switchgrass, sugar can and sugar feedstocks also are considered more efficient alternatives.  

IV. Environmental Impacts


Supporters of ethanol are quick to point out the many positive impacts the use of ethanol verses gasoline has on the environment. Two major arguments for ethanol and its positive effect on the environment is the reduction in harmful emissions from vehicles as well as the reduction in water it takes to produce ethanol verses oil. By using E85 (E85 is a blend of 85% ethanol and 15% gasoline) not only can motorists reduce ozone-forming pollution by 20 percent but can also reduce fuel life-cycle greenhouse gas emissions by nearly 30 percent.
 Regular gasoline contains harmful toxins such as benzene, toluene, and xylene. The use of ethanol reduces the emission of such harmful toxins.
 Along with the reduction in harmful toxins into the environment, ethanol also uses less water to produce than gasoline. It takes three gallons of water for every one gallon of ethanol produced. On the other hand it, it takes 9 gallons of water for every one gallon of gasoline.
 


Critics of ethanol emphasize the harsh effects that ethanol production may have on the environment. Those negative concerns include the removal of biomass for energy production which not only intensifies soil erosion and water runoff, but also contributes to soil nutrient loss.
 Perhaps even a greater concern is that an increase in corn farming will provide greater stress to the environment as a whole because of pesticide and fertilizer runoffs. Critics feel that these environmental impacts may have the ability to threaten the integrity of the entire natural ecosystem. 

V. Economic Impacts


The economic viability of ethanol depends primarily on three different factors: the price of gasoline, the price of corn, and the size of government subsidies.
 There are other factors that may play a role in the practicality of ethanol as well. The biggest factor in determining whether or not ethanol is feasible is that of corn prices. During the summer of 2008 corn prices were at a record high. Due to uncontrollable flood and storms in Iowa, corn prices reached a high of $7.50/bushel primarily due to the supply shock and scare that hit many.
 Take these prices in comparison of years past. At the end of 2005, corn prices were around $2/bushel and in 2006 it was slightly higher around $2.15/bushel.

Perhaps one of the greatest economical concerns regarding the increased usage of ethanol is the increase in food and land prices that would result. While in principle it would be feasible to produce the 15 billion gallons of ethanol which was mandated; it may however not be economically sound for producers or consumers. 

The high demand for corn for ethanol production has not only increase the price of corn, but also corn substitutes such as soybeans as well as the major products which use corn, especially animal feed. Farmers have been reacting to higher corn prices by increasing the number of acres of corn they plant, at the expense of other crops.  The amount of soybean area being planted dropped by sixteen percent in 2007.
 The demand for soybean has increased due to the surge in the biodiesel market, therefore increasing the price of soybean crop as well.  

While the rise in crop prices has made the crop sector happy, there is another agricultural sector which has not reaped any benefits.  Perhaps one of the greatest concerns of the continued rise in corn prices due to the ethanol market has been on the meat producers, as well as dairy and egg producers. Beef, hog, poultry, and dairy farmers all use corn in their feed rations and have felt the burden of higher feed costs.
  

American consumers have already felt the pinch of raised food prices.  From mid 2006 until the spring of 2007, Americans paid in increase of around $47 extra ($14 billion overall) in food prices.
 The impact of raising food pries extends beyond the United States.  Mexico and Indonesia consumers have rioted over high prices of staple foods. In Mexico the price of corn tortillas, which remain a staple of the Mexican diet, have risen significantly.
  Low-income people who depend on such for their basic needs are feeling the increase as they struggle to provide food for their family. In 2007, China pork prices rose by 29 percent which caused the Chinese government to back off its own ethanol project because of the spikes in food prices.

The surge in ethanol production has also made a long term effect on much of the land prices and raising land values.  Iowa farmland had increased 57 percent from 2000 to 2005, and then rose an additional 22.6 percent in 2007 alone.
 These increased land prices were up more than 12 times what they had been at the end of the farm crises which began in the 1970’s and ended in 1986.
 This rise in land prices may benefit those generation farmers who have owned their land prior to the increase in prices; however anyone buying land since the increase in price is dependent upon the high prices of corn and the high prices of land in order to continue to survive. The reduction in the existing ethanol mandate or a reduction in corn used to produce ethanol could result in another farm crisis. 

Much support of ethanol mandates and legislation comes from those policymakers in the Midwest, where the increase in corn creates not only higher prices for farmers but also creates new jobs.
 The construction or expansion of an ethanol plant can bring major economic benefits to a rural area in need of growth.  Jobs, both temporary and permanent, would be created. Temporary construction workers would be needed as well as many permanent jobs for local residents.  A one hundred million-gallon-per-year plant will create between 45 to 60 permanent jobs.
 The economic benefits don’t stop there. The ethanol plant increases the demand for supplies within the region which will further stimulate the economy and employment in the area.
 Local farmers will receive higher prices for their corn, which will not only stipulate the local economy but also reduce shipping costs for those local farmers.. The reduction in shipping costs can later be passed on.

The agricultural sector started seeing changes massive in changes after the ethanol growth rate started to drastically climb in 2002.  In 2000 only six percent of U.S. corn production was used for ethanol.  Animal feed was the largest use of corn production at fifty percent. Of the remaining production, 16.5 percent was exported and 17 percent of the total production was used for food, seed, or other industrial uses.
 The average price of corn during this time period remained very low at an average price of $1.85 per bushel.
 Ethanol showed a slight increase in the corn production in 2002, using ten percent of the yearly corn crop and then to twelve percent of the corn crop in 2005. By 2007, ethanol accounted for twenty four percent of the corn crop. 
 This was a historic year for corn production, in that it was the first time more of the corn production was used for ethanol then the amount of crop being exported.
 Corn prices also continued to steadily increase. By the end of 2007, prices were around $3.76 per bushel.

It is easy to bypass the effect ethanol has on the global market by just focusing on the immediate and local benefits ethanol has to the Midwest.  This is why it is important to look at this energy issue from not only a local or country-wide perspective but also from a world viewpoint. The Food and Agricultural Organization (FAO) of the United Nations has taken a more balanced viewpoint of not only ethanol but other biofuels as well.  The FAO acknowledges and is conscious of the prospective harmful consequences developing ethanol production may have on low-income consumers. On the other hand, FAO is also attentive to the positive prospective opportunities biofuel offers for small farmers not only in the United States, but all around the world.
 The FAO recognizes that the quickly expanding biofuels market has been bringing down surpluses of crops in advanced and industrialized countries, in turn causing commodity prices around the world to rise. This increase in price provides an incentive for those farmers in poor and underdeveloped countries to grow more of their own crops and become more self-sufficient.
 Historically it has been the overproduction and mass surplus of food coming from industrialized countries which has lowered commodity prices and these low prices have been a root cause of economic stagnation in poor countries.
 The FAO’s standpoint does not go without warning. The FAO reiterates that a plan must be implemented which devises bioenergy policies which are sure to benefit everyone, not just ethanol producers.
 In order to benefit everyone and not leave many without food sources, enough crops must be produced which will supply the fuel and food demand. This may not be as simple as it sounds. 

VI. CURRENT REGULATIONS

A. Federal Energy Act of 2005


Much of ethanol’s success can be contributed to the policies and incentives implemented by state and federal governments. By the early 2000s, as a result of the Clean Air Amendments and the Energy Policy Act of 1992, U.S. ethanol producers were distilling 1.7 billion gallons of ethanol, the majority of that ethanol being used for gasoline blends.
 Contributing to the ethanol industry’s growth, even more energy policies would soon be passed. One of those policies, and perhaps the most significant of the federal policies, being the Energy Policy Act of 2005. This energy bill was originally proposed in 2002 as a result of rising fuel prices. President Bush, along with other ethanol supporters in Congress, proposed the original plan which would have implanted the production of 5 billion gallons of ethanol by 2012.
 This original energy plan passed through the Senate; however, the House disagreed with the amendment and no further action was taken again towards such policy until 2005. 

The Energy Policy Act of 2005 reflected President Bush’s initial advance towards a comprehensive energy plan but took an even more dramatic approach by increasing the original mandate to 4 billion gallons by 2006 and 7.5 billion gallons by 2012.
 These mandates were accompanied by other rules and incentives which would further continue to support the growth of ethanol.  Not only did the renewable fuel standard require the minimum mandates by 2012, but also required that renewable fuel production grow by at least the same rate as gasoline after the year 2012.
  The renewable fuel standard created a credit trading system while at the same time eliminating the requirement for reformulated gasoline to contain two percent oxygen.
 This credit rating system allows refiners and blenders to have flexibility in using less renewable fuel than what is required by the renewable fuel standard by allowing them to still meet such standard by purchasing credits from those sources that are using more renewable fuel than required.

The Energy Act of 2005 did not stop there. It also created a program to promote the production of cellulosic ethanol. This program created was the Cellulosic Biomass Program. Under the Cellulosic Biomass Program, producers of cellulosic ethanol received credit of 2.5 gallons of biomass created from resources such as switchgrass, crop residues, and tree crops for every gallon produced. Beginning in 2013, in order to satisfy the renewable fuel requirement, the renewable fuel standard must include a minimum of 250 million gallons of fuel produced from cellulosic biomass. The technology needed to produce such cellulosic ethanol is not fully developed or created. Stipulations have been put in place which will create further research and expansion of biomass conversion which will allow for less expensive energy crops to be used and largely increase the amount of resources which can be used for ethanol production.
 The Cellulosic Biomass Program also created a guarantee of loans up to $250 million per production facility.
 . Along with the loan guarantee, a $650 million grant was approved which would be used for research funding regarding cellulosic ethanol, and $550 million was authorized to the Department of Energy. This money would be used for creating an Advanced Biofuels Technologies Program.
 

Large ethanol producers weren’t the only ones who benefited from the 2005 Energy Policy Act. Small producers also received an increase in tax credits.  Previously small ethanol producers could receive $0.10 per gallon of production worth of income tax credit. This benefited those producers whose capacity was thirty million gallons or less.
 The 2005 Act increased the capacity for small producers to sixty million gallons per year or less.  However, the tax credit can only be used on the first fifteen million gallons of production.  This credit is also capped for individual producers at $1.5 million per year.
  A tax credit of thirty percent is also provided for the cost of installing fueling facilities accommodating alternative-fuel vehicles. 

Lastly, the Energy Policy Act of 2005 updated the Biomass Research and Development Act of 2000 by refining the program’s objectives and providing a greater emphasis on research.  The Biomass Research Development Act initially was passed to create funding for programs which were geared towards scientific developments and breakthroughs in the advancements of biofuels, biopower, and bio-based products.

The federal mandates created by the Energy Policy Act of 2005 stimulated much investment and construction of ethanol facilities, most of these facilities designed to produce ethanol solely from corn.  The federal mandates were expanded again in December of 2007 with the passing of the Energy Independence and Security Act of 2007.
 This new mandate requires the production of a massive 36 billion gallons of ethanol by 2022.  Going even further, the new mandate prescribes that 15 billion gallons of that ethanol are to be distilled from corn, while 21 billion gallons are to be produced from cellulosic feedstocks. There remains much question and skepticism surrounding the issue of whether or not that amount of cellulosic feedstock is technically viable given the current innovations.  

B. Federal Farm Policy 

Another piece of federal legislation which boosted the ethanol growth and gave much support to America’s agricultural commodity in the Federal Farm Policy.  In 2000 the Commodity Credit Corporation Bioenergy Program was initiated by the U.S. Department of Agriculture.
  This was about the same time in which production of ethanol began to flourish in the oxygenate market. The main purpose of this temporary program was help boost crop prices and farm income by stimulating demand within the crop market and lightening the crop surpluses.
 Producers of ethanol who were expanding their production were able to receive cash equivalent of one unit of feedstock for each 3.5 units purchased for biofuel production in large plants and one unit of feedstock for each 2.5 units which were used by small plants.  Funding of $150 million was available through USDA for each year from 2003 through 2006.
 The majority of these funds went to expanding ethanol plants. 

In 2002 another farm bill was enacted.  This bill, The Farm and Rural Investment Act of 2002 was the first farm bill in history which contained an energy title.  Title IX, the energy title, created a variety of programs through the year 2007 which would promote bioenergy and bioproducts through consumption and production.
  Various programs such were enacted to help develop the ethanol and biodiesel market. The Value Added Grant Program provided funds to rural businesses and agricultural families, aiding them in developing and marketing ethanol programs.

C. State Mandates 

States continued to pass mandates of their own both before and after the Energy Act of 2005 passed.  It is easy to understand why Midwestern and agricultural states would be eager to set mandates of their own which would directly benefit the people of their states. Senator Charles Grassley, of Iowa was quoted saying, “Everything about ethanol is good, good, good.”
 These words were spoken at the opening of an Iowa ethanol plant. Words such as these are often spoken by many politicians in rural states who are trying to improve the lifestyles of the citizens within their states. 

Midwestern states are not the only states which have passed state mandates encouraging the use of ethanol.  One of the most significant state mandates was passed in 1999 by California’s Governor Gray Davis. Governor Davis announced that California would ban the use of Methyl tertiary butyl ether (MTBE) at the earliest possible date, but no later than December 31, 2002.
 MTBE and ethanol are the only oxygenates which are used in the oxygenated fuels program and the reformulated gas program.
 After learning that MTBE has the tendency to contaminate ground and surface water, an additional market of around 700 to 800 million gallons for ethanol was created.
 Shortly after California took the initiative to ban MTBE, New York and Connecticut also banned the use of MTBE starting in 2004. 
 Over half the states have banned the use of MTBE, creating an even larger role for the ethanol market. The increased need of ethanol to replace MTBE is reflected in the jump in ethanol plants and production. In January of 1999 there were 50 total ethanol plants in the United States and 5 more under construction.
 By January of 2007 that number had more than doubled with 110 completed ethanol plants in production and another 76 plants under construction.

Along with the ban of certain substances which ethanol can replace, states have also implemented programs which encourage the use of renewable energy resources through various incentives, credits, and mandates.  At least eight states have their own renewable fuel standards requiring a percentage of gasoline to contain an ethanol blend.
 The most aggressive of these mandates coming from the state of Minnesota. In Minnesota, state law requires that all gasoline throughout the state to contain ten percent ethanol in its blend.
 The ethanol mandate in Minnesota alone created a 270 million gallon increase in the ethanol market. Along with regular gasoline, Minnesota also required that all diesel fuel sold in the state contain two percent biodiesel. Upon approval from the EPA to certify use of E20, starting in 2013 Minnesota will raise the requirement of gasoline from a ten percent blend to a twenty percent blend.
 The required mandate of twenty percent blends does raise questions and concerns regarding compatibility of automobiles with the higher percentage ethanol blend. Those cars using E-20 would need to be retrofitted to prevent any corroding effects which would be caused from the higher alcohol content.
 Along with potential negative consequences to the automobiles themselves, the increase in ethanol blend would also void car warranties. 

Other states have followed the trend, setting their own state mandates requiring an ethanol blend in gasoline.  Montana and Hawaii both passed mandates requiring a ten percent ethanol blend in all gasoline sold throughout the states. While Hawaii’s mandate became effective April 2, 2006, Montana’s mandate does not become effective until sixty-five million gallons of ethanol can be produced within the state. Oregon’s also passed a similar mandate (which was passed at the end of 2007) will become effective as soon as production capacity has been met.

Kansas followed somewhat of the mid-west trend when it passed a renewable fuel standard, which was set to begin in 2009. This fuel standard followed Iowa’s model and provided retainer incentives for ethanol and biodiesel sales.
 Along with various incentives  provided by many states, include laws that encourage state government agencies to purchase ethanol compatible vehicles as well as grants for research and infrastructure development which will aid the growth and development of the ethanol and biofuel industry.

VII. OTHER ALTERNATIVES

A. Cellulosic Ethanol
When analyzing the future of corn ethanol and its role as a renewable fuel resource, it is important to look at other alternative resources and weigh the pros and cons of each of those. Cellulosic ethanol research and mandates have already been in the works, yet the advancements don’t seem to be up to the standard needed in order to efficiently and effectively become a major fuel resource. The biggest advantage of using cellulosic ethanol is that it can be made from a variety of resources and resources which can be grown and bought at a cheaper price than corn. 

Cellulosic ethanol is ethanol that is made from woodchips, switch grass, corn stalks, and other sources, rather than corn. 
 The production process needed to produce cellulosic ethanol is not where it needs to be at this point for economic viability.
 Along with the technology needed to create such resource, storage facilities and distilleries would still need to be constructed. In order to reach the mandated quota in fifteen years, large areas of switch grass or other feed stock would need to be planted. There are all underdeveloped areas which put cellulosic ethanol at a disadvantage. It would take a lot of funding for research and other advancements before cellulosic ethanol could replace the use of corn ethanol. 

Another unknown at this time is the impacts that cellulosic ethanol and the technology used to create it will have on the environment.
 When corn ethanol was first introduced it was so to reduce the harmful emissions from automobiles. It didn’t take long for critics to find environmental impacts which could discourage the use of ethanol. The same may be true for cellulosic ethanol. The production of cellulosic ethanol involves the use of thousands of tons of organic compounds. These compounds will need to be handled and disposed of properly, creating another problem.
  Finally, without some major advancements or breakthroughs in the technology department, the United States will not be able to produce the 22 billion gallons which by the year 2022.

B. Sugarcane as Feedstock

Another alternative to ethanol produced by corn is using sugarcane as a feedstock.  This method is currently used throughout Brazil. Brazil is having much success using this method as they are producing over 4 billion gallons of ethanol per year using sugarcane.
 Brazil is not only producing a large amount of ethanol using sugarcane, but they are doing so at a low cost of production as well as a high yield of ethanol per ton of sugar cane.

The downfall of using sugarcane as feedstock is that according to a USDA analysis, the Untied States would not be able to match Brazil’s low cost of production and also would not be able to produce ethanol from sugarcane at a cost per gallon lower than what it costs to produce ethanol from corn.
  The United States simply does not have the sugarcane production which Brazil has. The amount of sugarcane grown in the United States would only be able to produce a comparatively small amount of ethanol. A massive expansion of sugarcane plantings would be needed to produce such numbers as Brazil and this would not be realistic.

VIII. CONSLUSION

Where is the future of ethanol production from corn headed? I thought after researching and writing I would find that answer, but I was wrong. I strongly believe that ethanol can be part of the answer. Not only does ethanol provide benefits to rural farmers and agricultural businesses throughout America, but it also reduces toxic emissions and helps reduce the dependence upon foreign imports. Similar to the United Nations standpoint, a balance is needed in order to make ethanol and other alternative fuel resources successful. 
In order to achieve this balance, ethanol along with other alternative sources need to be developed in such a way that is mindful of other concerns, such as the food market and agricultural economy. A balance is also needed in the research and development stage of biofuels. In order to achieve this balance, biofuel technology needs to reduce the overall greenhouse gas emissions by requiring less energy imports than outputs. 
More research and technology development is needed to ensure the most efficient alternative sources.  With the state of today’s economy, funds for such research may not be available. It is important as American’s that we remain mindful of our energy consumption and do our part to reduce the demand. 
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