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There are over 600 million light-

duty vehicles (LDV) currently operating 
in the world.  This number is expected to 
rise to over 1.2 billion by the year 2020.1  
The average LDV in the US travels an 
average of 20,000 miles a year, 
consuming around 1,000 gallons of 
gasoline.2  This leads to the fact that if 
current trends do not change drastically, 
the world will be consuming 
1,200,000,000,000 (1.2 trillion) gallons 
of gasoline a year by the year 2020.  
While estimates of the amount of oil left 
in the world vary greatly, it is a limited 
amount; the rules of supply and demand 
dictate that as consumption increases 
and the supply decreases, prices will 
rise.  In addition, it is well known that 
the use of petroleum derived fuel creates 
large amounts of greenhouse gases3.  For 
all of these reasons, the US has taken a 
lead in the investigation of alternative 
fuels and ethanol has emerged as a 
frontrunner in this search.  However, 
ethanol is not currently a viable 
alternative due to high energy 
production costs as well as the effects 
that mass production would cause on the 
economy and the environment, despite 
its many claimed benefits.4 
 The main problem with the use 
of ethanol as an alternative to gasoline is 
that it has an extremely high production 
cost in terms of energy.  In order to 
accurately assess the amount of energy 
required to produce ethanol, one must 
consider everything involved in its 
production.  This includes the energy 
cost of laborers to grow the corn, the 
energy cost to produce, use, and 
maintain farm machinery, the energy 
cost of producing and spreading 

fertilizer, the energy cost of distilling 
ethanol and many other inputs as 
detailed in table 1 and table 2.2  Table 1 
shows the costs of simply producing the 
corn while table 2 shows the costs of 
turning the corn into usable ethanol fuel.  
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 Corn is the foundation upon 
which the American diet is built.  While 
corn itself is widely considered to be a 
delicious part of a well balanced diet, 
only about 10% is consumed by humans.  
The other 90% is used to feed our 
livestock, providing meat, milk, eggs, 
bacon, etc.5  If corn is this widely used 
there must be a fairly efficient process to 
produce it, and there is.  The actual 
production of corn itself (table 1) is an 
efficient process yielding an energy 
input:output ratio of 1:3.84.2  The high 
energy cost comes from the conversion 
of corn to usable ethanol fuel as seen in 
table 2.  First, the ethanol must be 
ground to a mash and added to a large 
solution of water.  Yeast is then added to 
this solution and allowed to ferment.  
Fermentation is the process of the yeast 
breaking down the sugar molecules into 
useful ethanol while carbon dioxide is 
being created as a byproduct.  This 
process typically takes a couple of weeks 
and yields a solution of mostly water and 
some ethanol.  In order for ethanol to be 
used as a fuel, nearly all the water must 
be removed.3  This is first done through 
distillation, an extremely energy 

intensive process due to the fact that 
water has one of the highest specific 
heats at 4.814 J/mol K.  Further 
contributing to the high energy cost of 
this process is the fact that ethanol and 
water in solution form an azeotrope that 
requires that the solution be distilled at 
least three times to reach a maximum of 
95% ethanol.  Due to the azeotropic 
effects, the solution can not be distilled 
beyond this point and so other chemical 
means must be employed to bring the 
solution to a usable 99.5% ethanol 
solution.3, 6 
 The data presented in table 1 and 
table 2, gives the detailed breakdown of 
energy consumption, but what it boils 
down to is that the creation of 1000L of 
ethanol by the process of growing, 
fermenting and distilling corn requires 
around 6,597 kcal.  This equates to 
around 98,000 BTU’s of energy per 
gallon.  One gallon of ethanol contains 
around 76,000 BTU’s of energy.  This 
means that the creation of ethanol from 
corn uses 29% more energy than is 
contained in the ethanol itself.  While the 
negative net energy value (NEV)a, 7 is 
troublesome in and of itself, it would not 
actually pose a problem if the energy 
used in the process was created in an 
environmentally friendly way.  
Unfortunately, even here in the US, the 
majority of energy created comes from 
fossil fuels like natural gas, coal, and 
oil.3  So while ethanol itself is much 
cleaner burning than petroleum fuels, if 
all the energy used to create it is from 
fossil fuels, the net pollution will 

                                                 
a  It is necessary to point out that the NEV is in 

contention.  Pimentel et al. gives the negative 

value reported.  The United Stated Department 

of Agriculture report gives a slightly positive 

NEV.  The consensus among the scientific 

community tends toward Pimentel’s NEV. 
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actually increase.  On the other hand, the 
negative NEV would not be nearly as 
large a concern if the majority of energy 
created was done so using 
environmentally friendly methods such 
as solar generation, wind generation, or 
even nuclear power.3, 5 
 In addition to the problems 
associated with the negative NEV for the 
production of ethanol, the price of 
ethanol fuel is also a deterrent.  
Currently, the price of a gallon of 
gasoline is around $3.29 for the average 
consumer.  The cost of a gallon of 
ethanol is around $3.00 for the 
consumer.  While these two prices are 
fairly close at the moment, the US 
government is subsidizing the 
production of ethanol by over $3 billion 
a year.  If the government were to cut off 
this funding, the price of ethanol would 
rise to around $4.70 a gallon.  It’s 
possible to see how this could be a 
reasonable price if gasoline prices 
continue to rise in the next couple years, 
but the energy obtained from a gallon of 
ethanol compared to a gallon of gasoline 
must also be considered.  Recall that a 
gallon of ethanol contains around 76,000 
BTU’s of energy.  A gallon of gasoline 
contains around 115,000 BTU’s of 
energy (66% more).  What this means is 
that if a vehicle runs at 25 mpg using 
gasoline, it will run at 15.625 mpg using 
ethanol.  When this energy difference is 
factored in, the cost of ethanol rises to 
around $7.15/gallon.  This is simply an 
economically impossible price for the 
typical US consumer to pay at the 
moment.2, 5 
   The use of alternative biomass 
materials, such as switch grass and wood 
cellulose, for the production of ethanol 
has also been investigated.    
 The use of switch grass was 
investigated because of its efficient 

1:14.6 input:output energy ratio for 
growth.  Unfortunately, the conversion 
of switch grass to ethanol requires even 
more energy than the conversion of corn 
to ethanol, 7,455 kcal/1000L, or 111,000 
BTU’s of energy per gallon.  This means 
that it requires 49% more energy to 
create ethanol from switch grass than is 
contained in the ethanol.  The detailed 
energy inputs for the creation of switch 
grass can be found in table 3.  The 
detailed energy inputs for the conversion 
of switch grass to ethanol can be found 
in table 4.   
  A similar methodology was 
applied to the production and conversion 
of wood cellulose to ethanol.  The end 
result was that it requires 57% more 
energy to produce ethanol from wood 
cellulose than is contained in the ethanol 
itself.  
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 In addition to the major problems 
associated with a negative NEV for the 
production of ethanol, the use of ethanol 
as a replacement for petroleum based 
fuels is simply impossible logistically 
speaking and brings up serious ethical 
questions.  If all current farm land in the 
US was used to grow corn for the 
production of ethanol, it would satisfy 
about 11% of the country’s fuel needs.2  
So the country would be using 11% less 
oil, but would have nothing to eat.  
Another way of looking at this is that it 
requires 0.5 hectares of land to feed the 
average person in the US.  To provide 
ethanol as a fuel for this person would 
require 0.6 hectares of land.  It would 
take more land to fuel a person’s car 

than to feed the person themselves.   In 
addition, the World Health Organization 
estimates that there were about 3.7 
billion malnourished people in the 
world.  How can a country morally 
justify the use of food product as a fuel 
when so many in the world do not have 
enough to eat as it is?  
 The production of ethanol also 
raises some serious environmental 
concerns.  The production of corn uses 
more herbicides and pesticides than any 
other crop in the US, leading to large 
amounts of water pollution.  In addition, 
the production of corn requires the most 
nitrogen based fertilizer of any crop 
produced in the US,2 again contributing 
large amounts of water pollution.  
Further, chemical plant production of 
ethanol has so far been a fairly unclean 
process with a number of plants being 
warned by the EPA to either reduce their 
air and water pollution or risk being shut 
down.  Lastly, remember that the initial 
fermentation process yields a solution of 
mostly water.  This water is removed 
and is considered waste water because of 
a biological oxygen demand of 18,000-
37,000 mg/L.  For each L of ethanol 
produced, 13L of waste water is also 
produced, and must be treated.   
 The idea of using ethanol as an 
alternative fuel to petroleum based fuels 
is simply impossible.  When the viability 
is examined closely, it is easy to see that 
factors like the negative NEV, economic 
and environmental impacts, as well as 
ethical duty, preclude the use of ethanol 
as an alternative fuel.  However, the 
world still has an addiction to oil that 
needs to be broken.  There are many 
other alternatives to be explored, and 
perhaps one of them will hold the 
answer.
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