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The chemical industry is changing, going beyond commodity chemi-
cals to a palette of higher value added products. This ground-breaking
book, now revised and expanded, documents this change and shows how
to meet the challenges implied. Presenting a four-step design process –
needs, ideas, selection, manufacture – the authors supply readers with a
simple design template that can be applied to a wide variety of products.
Four new chapters on commodities, devices, molecules, and microstruc-
tures show how this template can be applied to products including
oxygen for emphysema patients, pharmaceuticals like taxol, dietary sup-
plements like lutein, and beverages that are more satisfying. For differ-
ent groups of products the authors supply both strategies for design and
summaries of relevant science. Economic analysis is expanded, empha-
sizing the importance of speed-to-market, selling ideas to investors, and
an expectation of limited time in the market. Extra examples, homework
problems, and a solutions manual are available.
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Preface

Since its inception around a century ago, the chemical industry has focused
on the manufacture of commodities. A commodity chemical, produced at over
1000 tons per year, is sold into a world market where the products are differenti-
ated only by price. Benzene, polypropylene, and titanium dioxide are examples.

This industry had its Golden Age from 1940 to 1980, with growth equivalent
to that of the modern software industry. Commodities of course continue to be
made – the world needs toluene, ammonia and methanol just as it always has.
However commodities are made by a dwindling number of ultra-efficient com-
panies, which employ relatively few people. Sometimes, these companies are
private, allowing them more easily to ride out the trade cycles typical of com-
modity businesses. Increasingly, the companies are associated with national oil
companies and so have captive petroleum-based feedstocks, the most common
raw materials for these commodity products.

More recently, as market growth has slowed, chemical companies without
these captive feedstocks have moved towards higher value added products. These
products are distinct from commodities in three ways: quantity, value, and struc-
ture. They are produced in small quantities, often less than 10 tons per year. The
archetype is the active ingredients of a drug, where a few kilograms can command
millions of dollars. These higher value added products are made of ingredients
which cost a tenth or less of their selling price. These products gain their value
from a molecular or micro structure which gives them better performance.

A company’s advantage in making these products does not come from hav-
ing a cheap, reliable feedstock. The advantage comes from a better product. The
company does not sustain its position by always becoming a more efficient pro-
ducer. The company keeps its advantage by continuous innovation, by patent
protection, and by trade secrets. It needs better chemistry and engineering, all
the time.

The movement of chemical companies towards higher value added products is
reflected in the employment of new graduates, most of whom start work not on
commodities, but on specialty chemical products. However, most new graduates

xv
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xvi Preface

are trained largely, if not exclusively, to serve the commodity chemical indus-
try. To train these graduates more effectively, traditional education of chemical
professionals must expand. The expanded education must not focus on the tradi-
tional question, “How should we make this commodity product?” The expanded
education should focus on what is increasingly the more relevant question, “What
high value added products are we going to make?”

This book describes chemical product design, and so attempts to fill part of the
educational gap between the commodity chemical industry and the new, more
fragmented, high value added chemical product industry. The book is divided
into two parts. First, we present a template for chemical product design, which
starts to answer the question about what we should make. Second, we apply the
template to different types of chemical products.

Thus, the first part of the book requires chemists and engineers to go beyond
their traditional role of how they will make a chemical commodity chosen by oth-
ers. This part assumes that these chemists and engineers will be working as part of
a project team. Such teams will include those representing marketing, research,
manufacturing, and sales. This first part of the book expands material in the first
edition. While the book aims to help engineers think about these other aspects
of the chemical enterprise, it may also introduce non-engineers to ideas and con-
straints of engineering. Understanding this introduction requires knowledge of
calculus and chemistry.

The second part of the book, which is new to this second edition, is specific
to particular parts of the chemical industry. For example, Chapter 6 reviews
commodities, Chapter 8 centers on active ingredients, like pharmaceuticals, and
Chapter 9 includes personal-care products. Those already working in one prod-
uct area may find some chapters are more useful than others. Those who seek an
overview should be able to gain from all parts.

One market for the book is those trained in commodity chemicals but now
involved with other types of chemicals with higher added value. The book also is
suitable as a text for university courses. We and others have used the material in
this book in a required course, originally taught along the same lines as chemical
process design. Such courses involved lectures, use of process simulators, and one
large report written by teams of students. All found teaching and learning the
material challenging. However, although our courses have always been highly
rated, we believe that the courses were not wholly satisfactory. While we could
point to a few students whose work was so strong that it attracted venture capital,
we always knew that the students’ average experience was uneven.

As a result, we now use the book’s content in two different ways, which we find
more effective than imitating courses in chemical process design. First, we teach
a separate course of about forty classes restricted to product design. The classes
are split between lectures and smaller recitations, where the specific problems
are discussed. The students do not write one large report, but six to ten shorter
reports. They are encouraged to develop ideas as teams, but they are expected to
write each report individually. In the second type of new course, we teach about
twelve classes as a supplement to chemical process design. Again, about half of
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Preface xvii

these are lectures; again, each student writes not one but three or four individual
essays. Both of these strategies work better for us.

In addition to our teaching in universities, we have presented this material as
short courses to several companies. We have found that different people have
trouble with different parts of product design. Inexperienced students are won-
derful at generating new product ideas, but they have trouble making estimates
which let them quickly select among possible alternative products. Experienced
chemists and engineers have no trouble making quick estimates and sensible
selections, but they are less effective at suggesting new ideas. Despite these differ-
ences, both groups have benefited from and enjoyed their efforts to get better at
chemical product design using the methods described in this book. We challenge
you, either as a professor or as a student: while this material is hard to teach and
hard to learn, it will often be among the most satisfying parts of your education.
Have fun with your designs.

We are indebted to many who helped us write this book. We benefited from
the encouragement of Professor John Bridgwater, who arranged our collabora-
tion at the University of Cambridge. We were strongly influenced by the excellent
book, Product Design, by Ulrich and Eppinger, which showed us how this sub-
ject could be effectively taught in mechanical engineering. Finally, we would like
to thank our students, who have been generously tolerant as we shaped a few
slogans into an educational experience.

E. L. Cussler and G. D. Moggridge
Cambridge, UK
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“I have been anticipating the launch of this book since Dr. Moggridge told me
back in 2009 that he had been working on the second edition. This is the long-
awaited update of the book which was the first of its kind in the chemical engi-
neering literature. The book had served as the foundation of my chemical product
design course. Cussler and Moggridge’s clear writing style and abundance of real-
world examples in the book make it a must-have for any faculty interested in this
fast emerging field of product design in chemical engineering.”

Sin-Moh Cheah, Singapore Polytechnic

“Nowadays, Chemical Process Industries mostly produce products with target
end use properties, and not simply molecules. This textbook offers the opportu-
nity, for students, chemists, engineers or professors, to discover the framework,
methodology and building concepts of the emerging ‘chemical product design’
discipline. The 2nd edition proposes an increased number of relevant and novel
examples, treated thanks to a unique common approach. This reference textbook
should be strongly recommended to anyone who wants to take into account the
evolution of the chemical industry, and its incidence on teaching applied chem-
istry or chemical engineering.”

Eric Favre, ENSIC, Nancy, France

“After their pioneering first edition on ‘Chemical Product Design’, Cussler and
Moggridge have produced a second edition in which they have adopted a more
systematic approach to this topic, which should make it easier to teach at the
undergraduate level in chemical engineering courses, and more readable by
industrial practitioners. The authors describe a four-step design strategy, involv-
ing a template composed of needs, ideas, selection, and manufacture that can be
applied in principle to any product, from commodities to novel devices to molec-
ular products to microstructures. The authors have also expanded the economic
analysis to emphasize the importance of speed-to-market. Any instructor teach-
ing a course on product design will find this book to be a very useful textbook.
Industrial practitioners should find this book to be an excellent reference for pro-
moting innovation in their organizations.”

Ignacio E. Grossmann, Carnegie Mellon University

“There is a difficult transition from asking ‘How do we make this commodity
more cheaply?’ to asking ‘What should we be making in the first place?’, but
Cussler & Moggridge clearly guide the way. This is the seminal textbook on
Chemical Product Design, demonstrating how chemical engineering fundamen-
tals can be effectively applied to product design. The new and expanded material
in the second edition greatly improves the text, illustrating how to apply their
design template with industrially relevant problems. I highly recommend this
book to everyone in the field of chemical product design and development.”

Michael Hill, Columbia University

“Back in 2001 Cussler and Moggridge pioneered Chemical Product Design and
introduced its first ever textbook. Now, one decade later, they do it again,
through a substantially revised new edition that covers a broader range of topics
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(chapters for different product categories, coverage of business idea evalua-
tion/presentation tools, defining future trends and establishing sets of final com-
mandments for chemical product development), and will for sure become the
book of reference in this field for the forthcoming years, a mandatory presence
in many many shelves, including mine!”

Pedro Saraiva, University of Coimbra

“This second edition of a pioneering and well-received book has been carefully
updated and enlarged by the addition of four new exemplifying chapters. Appear-
ing 10 years ago as the first text on chemical product design, the book has been an
important source of inspiration for chemists and chemical engineers. The system-
atic treatment of this diverse discipline and the many practical examples make
the book very useful as an introductory text for both a university course and for
practicing engineers.”

Søren Kiil, DTU-Chemical Engineering

“The book builds on the well established four-step design process presented in
the ground-breaking first edition. New additions emphasize the differences in
design and manufacturing characteristics of molecules, micro-structured prod-
ucts and devices as opposed to chemical commodities. Students and practitioners
may find this an invaluable introduction into the methodology of chemical prod-
uct design and the use of engineering principles to support the screening and
selection of product options.”

Ton Broekhuis, University of Groningen

“Revisions to the second half of this excellent text by Cussler and Moggridge
have made the book even more relevant and valuable to the challenge of con-
temporary chemical product design”

Keith Alexander, University of California, Berkeley
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