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Pretface

After the Second World War, industrialization took place at a tre-
mendous pace without giving any thought to its effects on the
environment, flora and fauna, and peoples’ safety and heath. This
led to increased global warming, depletion of ozone protective
cover from harmful UV radiation, contamination of land and water
ways due to release of toxic chemicals by industries, reduction in
nonrenewable resources such as petroleum, destructions of forest
cover due to acid rains, increased health problems, and industrial
accidents resulting in loss of life and property.

The Kyoto Protocol is an international treaty bringing almost
180 nations of the world together in an effort to limit greenhouse
gas emissions and reduce the effects of global warming. The reduc-
tion is expected to be achieved through industrial green house gas
reduction (42%), use of renewable energy (22%), methane reduc-
tion from live stock and other sources (22%), energy efficiency
(12%), and fuel switch from oil to natural gas (2%). The United
States and Australia rejected the treaty and had refused to sign it
even as late as November 2006. The EU-15 countries had agreed
to cut, by 2012, 8% of the 1990 greenhouse gas emissions values,
but the data collected by the European Commission {Oct. 2006)
predicted that the values would be only 0.6%. Worse still, many
European countries may even exceed their individual limits.

Industries are interested in green chemistry because reduction
in energy, improvement in yield, and use of cheaper raw materials
lead to reduction in working capital and an increase in profits.
Industries are also interested in improving the safety, health, and

xi
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working conditions of their workforce, because they are worried
about litigations and pressures from NGO and other employee
unions. Incremental improvements in processes are easily imple-
mentable, while major changes in processes require changes in
equipment and hardware; therefore the manufacturing industries
hesitate to undertake such a huge capital expenditure. Process
intensification also requires scrapping the old equipment and using
new equipment, which industries are hesitant to undertake due
to expenditure. Alternate energy sources are still not as competi-
tive as the petroleum-based energy. Although a few applications
are found in the use of renewable energy, the latter has not
made major inroads. Waste treatment is seen as a wasteful
activity and industries are beginning to comply with government
pollution bodies. On the other hand, preventing or reducing waste
at the source through design of innovative processes is much
more profitable for them. While industries weigh all actions with
respect to profit and cost reduction, it is the duty of the govern-
ment to take the larger view and weigh the long-term benefits to
society. Unless the governments are committed nothing can be
achieved.

Green chemistry involves reduction and/or elimination of the
use of hazardous substances from a chemical process. This includes
feedstock, reagents, solvents, products, and byproducts. It also
includes the use of sustainable raw material and energy sources
for this manufacturing process. This book is an interdisciplinary
treatise dealing with chemistry and technology of green chemistry.
Measuring “greenness” has always been a challenge and there are
different approaches discussed here. Comparing various processes
based on a set of common standards is discussed. Novel and inno-
vative synthetic techniques that lead to reduction of raw mate-
rial/solvent usage, milder operating conditions, less wasteful side
products, etc., are discussed in Chapter 2. Heterogeneous catalysts
provide mild and efficient environment. They are superior to
methods that use stoichiometric amounts of chemical reagents or
homogeneous catalysts since they produce minimum waste and
side products. Examples of processes that use biocatalysts are dis-
cussed in detail in Chapter 4. Biocatalysts simplify reactions, tele-
scope multiple steps into one and make it environmentally clean
and friendly. Even reactions which cannot be performed with
chemical synthesis can be carried out with ease using microbes.
New solvents such as ionic liquids are becoming very popular
since they are benign, environmentally friendly, and do not con-
tribute toward voc. This book does not discuss the research that
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is in progress to identify new reagents which are mild and those
that do not produce waste.

Miniaturization and innovative reactor designs have led to an
increase in mass and heat transfer coefficients by several orders of
magnitude, reduced reaction time dramatically, eliminated waste,
and improved safety. Chapter 6 covers the approaches followed by
manufacturers to achieve process miniaturization and intensifica-
tion, decrease multistep reaction to single step, and combine reac-
tion with unit operation. Use of membranes and other novel
downstream processing techniques are also discussed.

Hydrocarbon fuel is a non-renewable source of energy and it
is well accepted that it would not last long. Research using alter-
nate energy sources is being pursued seriously in many research
labs worldwide. Use of renewable raw material includes ethanol,
biodiesel, etc. Biomass appears to be the future energy source in
addition to solar, wind, and wave,

Processes that are milder (i.e., use less toxic solvents, do not
produce dangerous intermediates, recalcitrant waste, or side
product chemicals, etc.) are inherently safe. Such a philosophy
could have prevented Bhopal. The principle of green chemistry
believes in designing inherently safe processes. Industries that are
seriously taking an all-out effort to decrease waste, improve effi-
ciency, and decrease energy are discussed in Chapter 9. The final
chapter deals with the future trends and frontier research in this
area. Process improvements will never end. Biotechnology will
play a crucial part in achieving the goals of green chemistry.
Unless the politicians and administrators in countries of the world
realize the importance of green chemistry and the urgency with
which it has to be approached, the world will deteriorate into an
uninhabitable mass of land.

I would like to thank Ms. N. Aparnaa for her secretarial help
during the preparation of the manuscript.

Mukesh Doble
December 2006
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