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P re f a c e

The technical concept of using vegetable oils or animal fats or even used oils as a renew-
able diesel fuel is a fascinating one. Biodiesel is now the form in which these oils and
fats are being used as neat diesel fuel or in blends with petroleum-based diesel fuels. 

The concept itself may appear simple, but that appearance is deceiving since the
use of biodiesel is fraught with numerous technical issues. A c c o r d i n g l y, many
researchers around the world have dealt with these issues and in many cases devised
unique solutions. This book is an attempt to summarize these issues, to explain how they
have been dealt with, and to present data and technical information.  Countless legisla-
tive and regulatory efforts around the world have helped pave the way toward the wide-
spread application of the concept. This book addresses these issues also. To complete
the picture, chapters on the history of vegetable oil-based diesel fuels, the basic concept
of the diesel engine, and glycerol, a valuable byproduct of biodiesel production, are
included.  

We hope that the reader may find the information in this book useful and stimulat-
ing and that most of the significant issues regarding biodiesel are adequately addressed.
If a reader notices an error or inconsistency or has a suggestion to improve a possible
future edition of this book, he or she is encouraged to contact us.  

This book has been compiled from the contributions of many authors, who gra-
ciously agreed to do so. We express our deepest appreciation to all of them. We also sin-
cerely thank the staff of AOCS Press for their professionalism and cooperation in bring-
ing the book to print.  

Gerhard Knothe
Jon Van Gerpen

J ü rgen Krahl

November 4, 2004
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1

I n t ro d u c t i o n

Gerhard Knothe

Introduction: What Is Biodiesel?
The major components of vegetable oils and animal fats are triacylglycerols (TAG;
often also called triglycerides). Chemically, TAG are esters of fatty acids (FA) with
glycerol (1,2,3-propanetriol; glycerol is often also called glycerine; see Chapter 11).
The TAG of vegetable oils and animal fats typically contain several different FA.
Thus, different FA can be attached to one glycerol backbone. The different FA that are
contained in the TAG comprise the FA profile (or FA composition) of the vegetable
oil or animal fat. Because different FA have different physical and chemical proper-
ties, the FA profile is probably the most important parameter influencing the corre-
sponding properties of a vegetable oil or animal fat.

To obtain biodiesel, the vegetable oil or animal fat is subjected to a chemical reac-
tion termed t r a n s e s t e r i f i c a t i o n. In that reaction, the vegetable oil or animal fat is react-
ed in the presence of a catalyst (usually a base) with an alcohol (usually methanol) to
give the corresponding alkyl esters (or for methanol, the methyl esters) of the FA mix-
ture that is found in the parent vegetable oil or animal fat. Figure 1 depicts the transes-
terification reaction.

Biodiesel can be produced from a great variety of feedstocks. These feed-
stocks include most common vegetable oils (e.g., soybean, cottonseed, palm,
peanut, rapeseed/canola, sunflower, safflower, coconut) and animal fats (usually
tallow) as well as waste oils (e.g., used frying oils). The choice of feedstock
depends largely on geography. Depending on the origin and quality of the feed-
stock, changes to the production process may be necessary.

Biodiesel is miscible with petrodiesel in all ratios. In many countries, this has
led to the use of blends of biodiesel with petrodiesel instead of neat biodiesel. It is
important to note that these blends with petrodiesel are not biodiesel. Often blends
with petrodiesel are denoted by acronyms such as B20, which indicates a blend of
20% biodiesel with petrodiesel. Of course, the untransesterified vegetable oils and
animal fats should also not be called “biodiesel.”

Methanol is used as the alcohol for producing biodiesel because it is the least
expensive alcohol, although other alcohols such as ethanol or i s o-propanol may
yield a biodiesel fuel with better fuel properties. Often the resulting products are
also called fatty acid methyl esters (FAME) instead of biodiesel. Although other
alcohols can by definition yield biodiesel, many now existing standards are
designed in such a fashion that only methyl esters can be used as biodiesel if the
standards are observed correctly.
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Biodiesel has several distinct advantages compared with petrodiesel in addi-
tion to being fully competitive with petrodiesel in most technical aspects:

• Derivation from a renewable domestic resource, thus reducing dependence on
and preserving petroleum.

• Biodegradability.
• Reduction of most exhaust emissions (with the exception of nitrogen oxides,

NOx).
• Higher flash point, leading to safer handling and storage.
• Excellent lubricity, a fact that is steadily gaining importance with the advent

of low-sulfur petrodiesel fuels, which have greatly reduced lubricity. Adding
biodiesel at low levels (1–2%) restores the lubricity.

Some problems associated with biodiesel are its inherent higher price, which
in many countries is offset by legislative and regulatory incentives or subsidies in
the form of reduced excise taxes, slightly increased NOx exhaust emissions (as
mentioned above), stability when exposed to air (oxidative stability), and cold flow
properties that are especially relevant in North America. The higher price can also
be (partially) offset by the use of less expensive feedstocks, which has sparked
interest in materials such as waste oils (e.g., used frying oils).

Why Are Vegetable Oils and Animal Fats Transesterified to Alkyl
Esters (Biodiesel)?

The major reason that vegetable oils and animal fats are transesterified to alkyl
esters (biodiesel) is that the kinematic viscosity of the biodiesel is much closer to

Fig. 1.  The transesterification reaction. R is a mixture of various fatty acid chains. The
alcohol used for producing biodiesel is usually methanol (R′ = CH3).
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that of petrodiesel. The high viscosity of untransesterified oils and fats leads to
operational problems in the diesel engine such as deposits on various engine parts.
Although there are engines and burners that can use untransesterified oils, the vast
majority of engines require the lower-viscosity fuel.

Why Can Vegetable Oils and Animal Fats and Their Derivatives Be
Used as (Alternative) Diesel Fuel?

The fact that vegetable oils, animal fats, and their derivatives such as alkyl esters
are suitable as diesel fuel demonstrates that there must be some similarity to
petrodiesel fuel or at least to some of its components. The fuel property that best
shows this suitability is called the cetane number (see Chapter 6.1).

In addition to ignition quality as expressed by the cetane scale, several other
properties are important for determining the suitability of biodiesel as a fuel. Heat
of combustion, pour point, cloud point, (kinematic) viscosity, oxidative stability,
and lubricity are among the most important of these properties.
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