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Abstract

 There is a lot of different fuel you can make use,
but the fact that you are reading this reveals your interest in
ethanol as a fuel. In the world today, petroleum, solar, biodiesel
are the common fuel people use today. Others may be considering
ethanol because of its benefit to replace other fuel in cars,
generators, tractor, or to power farm equipment or home.

The majority of people
who read this book to the end will likely have learned a lot about
ethanol, such include; history of ethanol, how to produce ethanol
at home, uses of ethanol, application of ethanol and so on. Ethanol
has a long history, certainly as a beverage but also as a fuel
which only comes to use in the 19th century for lighting.

The path of ethanol
from a light source to fuel, an additive for pure air testing and
bridging technology enable us to move into an oil-free era which is
exciting. The story is full of political issues, the effects of
wars, industrial espionage and the pure energy of a popular
movement. The most important story, however, is the fact that a
full litany of common carbohydrates, not just food crops, but also
agricultural slaughter, food waste, and plants that are normally
bothersome, can actually become a viable fuel that is effectively
distributed or produced.

According to the
approach adopted for the production of ethanol, it is entirely
possible to maintain a fully autonomous, self-sustaining and
environmentally responsible operation that produces not only fuel
but also valuable by-products that can be sold, replaced, or
recycled. In this way, ethanol has real advantages over other
renewable fuels because it does not need many processes. Releasing
unpredictable changes in traditional commodity markets can be a
real advantage in long-term planning, insurance, and peace of
mind.


Introduction to
Ethanol

 What is
alcohol as a fuel?

Alcohols are used for
fuel. Taking consideration of this first aliphatic alcohol
(methanol, ethanol, propanol, and butanol) is of interest as far as
fuel production. Methanol, ethanol, propanol and butanol can be
synthesized chemically or biologically, it also have characteristic
which enable them to be used in the internal combustion engines.
The general chemical formula for alcohol is CnH2n+1OH.

Mostly, methanol is
produced from natural gas, although some methanol is produced from
biomass using a similar chemical process. Ethanol is commonly
produced from biological material using the fermentation process.
Their high octane ratings gave them the benefit of increasing their
fuel efficiency which largely offsets the lower energy density
compared to gasoline or diesel fuel, thus results to fuel economy
in terms of a kilometer per liter.

Using alcohol as fuel
is not new. When Nikolaus Otto invented the internal combustion
engine in 1872, there was no gasoline available; the indicated fuel
was ethyl alcohol at 180-190. Ford's "T" model was developed for
both use gasoline and alcohol.

Alcohols in general and
ethanol in particular, are excellent fuels for cars, machinery. The
reason that the alcohol-based fuel was not fully utilized is that
gasoline was once cheap, available and easy to produce.

However, crude oil is
getting scarce and the historical price difference between alcohol
and petrol is decreasing. At the moment considerable efforts are
being made to find and develop alternative energy sources to obtain
reserves of oil and other decreasing fossil fuels. Edward Teller,
one of the greatest physicists in the country, points out: "There
is no single recipe for solving the energy problem. Energy
conservation is not enough, petroleum is not enough, Coal is not
enough, Nuclear energy is not enough, geothermal energy is not
enough and developments alone will not be enough, only the right
combination of these factors is sufficient. "

Alcohol can be an
important part of the solution, but certainly not a panacea. If all
the existing agricultural surpluses are converted to ethanol,
alcohol accounts for less than 5% of our fuel need. The ability to
convert cellulose residues to ethanol and general biomass into
methanol and the most optimistic total remains below 10% of our
current needs! However, this is a very important rate of 5 or 10%,
since it can be renewed every year and saves a gallon of fat from
each gallon of oil produced.

Chemical
composition

Alcohol and gasoline,
despite the fact that they are from different chemical classes, are
remarkably similar. Gasoline is mostly a mixture of "hydrocarbons".
Hydrocarbons are a group of chemical substances composed
exclusively of carbon and hydrogen atoms. This is a very large
chemical class containing many thousands of substances.

Most of the fuels we
use such as coal, gasoline, kerosene, fuel oil, butane, propane,
etc. are chiefly hydrocarbons. Referring to Figure below, the
simplest member of this group is methane which consists of a single
carbon atom and four hydrogen atoms. Next is ethane with two
carbons and six hydrogen. Propane has three carbons and butane has
four. The substances just named are gases under ordinary
conditions. As we add more carbons to the hydrocarbon molecule, the
chemicals formed become liquids: pentane, hexane, heptane, octane
and so on. As we continue with even more complex molecules, the
substances get progressively oilier, waxier and finally solid.

Chemical structure
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Combustion
properties

One of the most
important properties of a fuel is the amount of energy obtained
from it when it is burned. Referring to Figure below, note that the
hydrocarbon octane, which represents an "ideal" gasoline, contains
no oxygen. In comparison, all of the alcohols contain an oxygen
atom bonded to a hydrogen atom in the hydroxyl radical. When the
alcohol is burned, the hydroxyl combines with a hydrogen atom to
form a molecule of water. Thus, the oxygen contained in the alcohol
contributes nothing to the fuel value.

Physical properties of
alcohol and gasoline

[image: tmp_6c89d7dfa298af29e7ad0a2b87374075_p3HeyK_html_4ae10b33.jpg]

The relative atomic
weights of the atoms involved are: hydrogen, 1; carbon, 12; and
oxygen, 16. Since methyl alcohol has an atomic weight of 32, half
the molecule cannot be "burned" and does not contribute any fuel
value. As expected, methanol has less than half the heat value
(expressed in Btu/lb) of gasoline. Ethanol, with 35% oxygen, is
slightly better with 60% of the heat value of gasoline. If the
heating value of methyl and ethyl alcohol were considered alone,
they would appear to be poor choices as motor fuels.

However, other
redeeming qualities such as "latent heat of vaporization" and
anti-knock values make alcohol fuels superior, in some ways, to
gasoline. When a fuel is burned, a certain amount of air is
required for complete combustion. When the quantity of air and the
quantity of fuel are exactly balanced, the fuel air mixture is said
to be "stoichiometrically" correct. Again referring to Figure
above, the stoichiometric ratio for gasoline is 15:1 or 15 pounds
of air for each pound of gasoline. The figures for methyl and ethyl
alcohol are 6.45:1 and 9:1 respectively. On a practical level, this
means that to burn alcohol effectively, the fuel jets in the
carburetor must be changed or adjusted to provide 2.3 pounds of
methanol or 1.66 pounds of ethanol for each 15 pounds of air.
Referring to the last entry in Figure 2-2, an interesting fact is
that if we provide the correct stoichiometric mixture and then
compare on the basis of the energy (in Btu's) contained in each
cubic foot of the different fuel/air mixtures, the fuels are almost
identical: gasoline 94.8 Btu per 8 cubic foot; methanol 94.5 and
ethanol 94.7! This means that gasoline and alcohol are about equal
in what is called "volumetric efficiency" when burned in a
correctly adjusted engine

Octane Ratings

If a certain fuel is
burned in an engine in which the compression ratio can be varied
and this ratio is gradually increased, a point will be reached when
the fuel will detonate prematurely. This is because as a gas is
compressed, heat is generated. If the explosive fuel/air mixture in
an engine cylinder is compressed enough, the resulting heat will
cause it to detonate. Since gasoline engines are designed so that
the mixture is detonated by the spark plug at the beginning of the
downward movement of the piston following the compression stroke,
preignition or "knock" occurring during the compression stroke is
undesirable.

Indeed, severe knock
can quickly overstress and destroy an engine. Since greater
compressionratios in an engine mean increased power per stroke and
greater efficiency, the ability of a fuel to resist premature
detonation is a desirable quality. The "octane" numbers assigned to
fuels are based on the pure hydrocarbon, octane, which is
considered to be 100. At the other end of the scale, n-heptane is
considered to have an octane rating of zero. The octane number of
an unknown fuel is based on the percentage volume of a mixture of
octane and nheptane that matches it in preignition
characteristics.

In practice, these
tests are conducted in a special test engine with variable
compression. Alcohols have a relatively high anti-knock or octane
rating. As noted in Figure 2-3, alcohols have the ability to raise
considerably the octane ratings of gasoline with which they are
mixed. The effect is greatest on the poorer grades of gasoline. A
25% blend of ethanol and 40 octane gasoline will have a net
increase of almost 30 points! This increase is one of the major
advantages of "gasohol".

The ability to increase
octane rating means that: (1) a lower (therefore cheaper) grade of
gasolinecan be used to obtain a fuel with a certain octane rating;
and (2) the use of traditional pollution producing antiknock
additives such as tetraethyl lead can be eliminated. The addition
of about 10-15% ethanol to unleaded gasoline raises the octane
rating enough so that it can be burned in high compression engines
that previously could not use unleaded fuel. This use of ethanol is
not new, of course, because ethanol was the original gasoline
additive for increasing the octane rating. The term "ethyl" used to
describe a high-test gasoline comes from ethyl alcohol, not
tetraethyl lead!


Journeytoforever.org.(2019). [Online] retrieve from:
http://journeytoforever.org/bflpics/AlcFuelManual.pdf

Alcohol as a fuel

The idea of using
alcohol as a fuel in cars is not new. At the launch of the T model,
Henry Ford predicted he would work with alcohol produced from
renewable sources. Brazil uses cane liquor for many years. Because
of this experience, alcohol is considered an alternative to fossil
fuels. The book is a compilation on the production of methanol and
ethanol, the use of alcohol blends in automotiveapplications and
the use of alcohols in a fuel cell. The chapters were created by
about 26 American and Europe authors individually, reflecting the
broad scope of the book and the international dimension of the
subject. The future availability of oil, its security of supply
and, increasingly, its impact on climate change have motivated the
search for alternative sources of energy, especially sustainable,
low impact, or even without environmental impacts.

Alcohol from renewable
sources is one of the main competitors to meet these challenges. To
foster these changes, government initiatives and tax incentives in
the US, Brazil, Europe, and the Far East not only stimulate the
development and production of alcohol, but also the gradual
introduction of alcohol fuels mixed with fossils. This book is
therefore ideally suited to give for the first time a comprehensive
overview of the production of alcohols, their use as fuel in
internal combustion engines as well as more advanced concepts such
as fuel cells and portable mobile applications through fuel cells.
The book will appeal to a broad readership. People who are not yet
familiar with this topic, but who are interested in the development
of renewable fuels, will find great value in this book, even if
they do not follow the more technical chapters on biochemistry and
catalyst development for fuel cell applications. Likewise, persons
who are familiar with or interested in certain areas, e.g. For
example, the challenge of developing catalysts for direct alcohol
fuel cells, the book and its many references of particular
value.

Why is Ethanol
Important?

U.S. Ethanol Industry
Has Grown by Leaps and Bounds

The U.S. ethanol
industry has grown from a handful of small plants producing 175
million gallons in 1980 to 210 plants in 27 states producing a
record 16.1 billion gallons of ethanol in 2018. Today, we make up
slightly more than 10 percent of the U.S. gasoline supply.

Ethanol Plants are
Creating Jobs and Helping Fuel the U.S. Economy

In 2018, the industry
directly employed 71,367 American workers and supported an
additional 294,516 indirect and induced jobs across the economy.
Nearly one in four of those workers is a veteran of the U.S.
military. The ethanol industry generated $46 billion in gross
domestic product last year and boosted household income by $25
billion.

Boosting Rural
Economies

Ethanol and feed
co-product production provide a valuable market for corn grown in
the United States. A typical dry mill ethanol plant adds nearly $2
of additional value – or 55 percent – to every bushel of corn
processed.

Driving Energy
Independence

Ethanol is a win for
all Americans. It’s more affordable than traditional gasoline,
reduces harmful vehicle emissions, supports nearly 300,000 American
jobs and protects America’s energy independence. In 2018, ethanol
displaced nearly 600 million barrels of crude oil and petroleum
import dependence fell to just 14 percent compared to 60 percent in
2005. Without ethanol, petroleum import dependence would have been
20 percent in 2018.

Producing Food and
Fuel

Ethanol bio refineries
make more than fuel; they also generate highly nutritious animal
feed like distillers grains. One-third of every bushel processed by
a plant is used to make animal feed, resulting in the production of
more than 41.3 million metric tons of feed in 2018 alone. The low
cost and nutritional properties of distiller’s grains make it one
of the most sought-after feed ingredients in the world.

A Cleaner, Greener
Fuel

Ethanol is responsible
for removing the carbon equivalent of 20 million cars from the
road. At the same time, the environmental impacts of producing
ethanol have been greatly reduced. Natural gas and electricity use
at dry mill ethanol plants has fallen nearly 40 percent since 1995,
while consumptive water use has been cut in half. This has occurred
while the amount of ethanol produced from a bushel has increased.
Producers are getting 15 percent more ethanol from a bushel of corn
than 20 years ago. The resulta smaller carbon footprint and
increase in energy efficiency. Ethanol use reduces greenhouse gas
emissions by 40-45 percent compared to gasoline even when
hypothetical land use change emissions are included. By displacing
hydrocarbon substances like aromatics in gasoline, ethanol also
helps reduce emissions of air toxics, particulate matter, carbon
monoxide, nitrous oxides, and exhaust hydrocarbons.

Boosting Efficiency

Today’s producers get
more ethanol out of every bushel. On average, 1 bushel of corn (56
pounds) processed by a dry mill ethanol plant produces: 2.86
gallons of denatured fuel ethanol; 15.9 pounds of distillers grains
animal feed; 0.75 pounds of corn distillers oil; and 16.5 pounds of
biogenic carbon dioxide Providing More Consumer Options We know
Americans are looking for more competition and greater savings for
the fuel that powers their vehicles. Nearly all U.S. gasoline today
contains 10 percent ethanol and the use of 15 percent ethanol
blends and flexes fuels like E85 is increasing. 15 percent ethanol
blends (E15) are higher quality fuels that offer greater savings.
Today, E15 is available at over 1,500 stations in more than half
the country. The EPA has approved E15 use in more than 90 percent
of the existing U.S. auto fleet, and 9 out of 10 new cars carry the
manufacturer’s warranty and approval for E15. Beyond E10 and E15,
flex fuels like E85 (85 percent ethanol) are sold at more than
4,500 retail stations.

Expanding Global
Markets

The United States is
the world’s leading ethanol producer. Even in the face of new trade
barriers in key markets, U.S. ethanol exports surged to a new
record of more than 1.6 billion gallons in 2018. U.S. ethanol was
shipped to Canada, Brazil, and India, South Korea and the
Philippines and many other countries in 2018.

Future Innovation

Today’s ethanol
biorefinery operates much like a chemical refinery, able to produce
multiple renewable fuels and products. Some bio refineries are
producing biodiesel and renewable diesel from corndistillers’ oil,
but the largest impact has been in corn kernel fiber production.
The addition of “bolt-on” technologies has allowed ethanol
producers to expand yields by processing ethanol from corn fiber, a
cellulosic portion of the grain. Unleashing corn kernel fiber
ethanol production could result in existing ethanol plants
producing hundreds of millions of gallons of cellulosic ethanol

Why is Ethanol
Important? – Renewable Fuels Association. (n.d.). retrieved from:
https://ethanolrfa.org/consumers/why-is-ethanol

Gasohol and E85

The Oil Crisis, which
began in 1973-74 and was triggered by the decision of the
Organization of the Arab Petroleum Exporting Countries (OAPEC) to
stop delivering oil to countries that supported Israel in October
1973 in the Yom Kippur War, was directly from the US Economy
affected. The embargo was lifted in March 1974, but the approval of
the Organization of Petroleum Exporting Countries (OPEC) to raise
world oil prices quadrupled on quadruple within a few months.
Several legislative measures immediately investigated the use of
cellulose and biomass in the production of alcohol and
corn-producing countries that prefer ethanol and gasoline to reduce
the consumption of imported oil.

The original attempts
to market ethanol and gasoline were mixed with wholesalers and
consumers, but the 1978 Energy Tax Act supported the growing
movement by recognizing and defining gasoline as a "blend of at
least 10% petrol by volume", excluding alcohol derived from oil,
natural gas or coal ", which provides for renewable raw materials
and supports the use of alcohol as a fuel in this part of the state
excise duty on petrol.

When another oil crisis
occurred in 1979, Chevron, Amoco, Texaco and other commercial fuels
were sold. Gasohol retail has been promoted in some markets by
marking individual service stations and the E-10 label. At the same
time that the United States began leaking lead in gasoline (in 1986
a total ban was imposed), ethanol became more attractive than the
octane count.

At that time, there
were only a handful of commercial ethanol producers that produced
approximately 50 million gallons of fuel alcohol per year. After
several federal subsidies and a tariff on imported ethanol,
domestic ethanol production increased to almost 600 million gallons
in the mid-1980s. Although the price of crude oil fell, with less
competitive ethanol, environmental concerns about carbon monoxide
concentrations focused on the use of oxidized fuels.

Ethanol was a viable
oxidation, as were methyl tertiary l butyl ether (MTBE) and ethyl
tertiary butyl ethyl ether (ETBE). Of these, only ETBE used ethanol
in manufacturing; MTBE is made from natural gas and oil and which
has dominated the market because of its lower costs. In 1992, the
Clean Air Act was to use oxidized fuels in 39 of the most
significant "non-attainment" of carbon monoxide, followed three
years later in nine regions characterized by strong non-compliance
with the ozone layer. Gasoline has been redesigned in many urban
areas of the country, including products containing oxygen, mainly
MTBE.

However, in the late
1990s, traces of MTBE began to appear in drinking water sources and
some countries began to ban the use of MTBE in fuels by changing
the demand for ethanol and ETBE. In 2000, the Environmental
Protection Agency recommended the national phase-out of MTBE, but
countries that were important users of the oxidized product
nevertheless advanced in this direction. The main refineries
quickly decided to voluntarily use ethanol-based oxidized compounds
in their reformulated gasoline, fearing possible legal action
because of the carcinogenic effects of MTBE.

The production of E-85
as a separate gasoline blend began in the early 1990's with an
energy policy that included an alternative fuel containing 85%
ethanol and 15% hydrogen of gasoline. In 1997, major automakers
began volume production of "Flex Fuel" vehicles developed for a
combination of unleaded gasoline and E-85 or both. So far, there
are 6.8 million Flex Fuel vehicles, including cars, and vans.

Flex Fuel vehicles are
low priced compared to petrol gasoline vehicles and are
factory-guaranteed and
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