BOOK REVIEWS

Optimization of Chemical Pro-
cesses, Second Edition

By Thomas F. Edgar, David M. Himmelblau,
and Leon S. Lasdon, McGraw Hill, New York,
2001, 672 pp, $137.05.

This recently published work on pro-
cess optimization represents an update
of the original published in 1988 by the
first two authors. For the second edi-
tion, Prof. Leon Lasdon has joined as
coauthor and this lends the book the
accessibility of optimization embedded
within spreadsheeting tools like MS Ex-
cel, and Quatro Pro. Moreover, this
book has a rich antecedent in the land-
mark text Applied Nonlinear Program-
ming by Himmelblau (1967), which was
one of the first books to deal with mod-
ern optimization algorithms for chemi-
cal engineering. As a result, the authors
bring a rich perspective and expertise to
this area. An introductory text on opti-
mization for chemical engineers, this
work brings provides a wealth of opti-
mization algorithms and real-world ap-
plications and serves to acquaint engi-
neers with a broad practical perspective
on the subject. It is certainly a useful
volume for every engineer’s bookshelf.

Evolving from the previous edition,
the second edition captures the evolu-
tion of process optimization research
over the past 14 years. What is new in
this edition are chapters on global opti-
mization and mixed integer nonlinear
programming (MINLP), as well as up-
dated examples and methods in large-
scale nonlinear programming (NLP),
applications in semiconductor process-
ing, and protein folding. Moreover, the
use of the Solver tool in Excel (co-de-
veloped by the third author) has greatly
extended the awareness and apprecia-
tion of optimization tools. A substantial
portion of this book is devoted to its de-
scription and application.

Generally, textbooks on optimization
are written from three perspectives: a
rigorous mathematical treatment, nu-
merical analysis and implementation, or
an explanation for the practitioner. This
text is presented solely at the third level.
It provides no rigorous theorems and
proofs, but relies instead on geometric
and practical descriptions of properties
and concepts. This approach is espe-
cially useful for an introductory text and
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for the practicing engineer. For ad-
vanced practitioners and researchers in
this field, the absence of a more rigor-
ous treatment will require the reliance
on more mathematical texts in order to
sharpen some optimization concepts,
elucidate the more subtle theoretical
properties and define the limits and
suitability of the algorithms discussed in
this text. Nevertheless, the book con-
tains a wealth of good homework prob-
lems in Chapters 1-9, as well as an ex-
tensive list of references throughout the
book. One minor point is that the au-
thors also list supplementary references
of more recent and advanced material.
However, these are not cited anywhere
in the text; an annotated list of these
with some relevance to the correspond-
ing chapter would have been helpful.

The text consists of three parts deal-
ing with process optimization: formula-
tion of optimization problems, opti-
mization theory and methods, and
chemical process optimization case
studies. The text covers optimization for
linear and nonlinear systems and treats
problems with both continuous and dis-
crete variables. The book does not dis-
cuss methods for the optimization with
systems of differential equations, al-
though they are referred to briefly in
Chapter 14.

Part I of the text deals with problem
formulation in three chapers. Chapter 1
provides a motivation for solving opti-
mization problems and briefly discusses
issues about uncertainty, scope of opti-
mization and its impact on design and
plant operations. Several examples of
optimization are given (three small ones
to be modeled and solved later, plus
larger ones that illustrate the scope of
optimization). As a motivating guide-
line, a general six step process for solv-
ing optimization problems is presented
and illustrated with a small example.
Chapter 2 provides a structure of opti-
mization models and their develop-
ment. A qualitative description is given
on how to build on first principles with
hierarchies of refinement. There is also
an extensive description of empirical
model building from data using linear
and nonlinear regression. In particular,
factorial designs are covered succinctly
as a special case of linear least squares.
Chapter 3 rounds out this part with at-
tention paid mainly to defining an ob-
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jective function in economic terms.
Here, simple process examples are re-
visited, time value of money, and dis-
counted cash flows are discussed along
with descriptions of NPV, IRR, and
payback period as desirable objectives.
Parenthetically, I would have liked to
see a plot of NPV vs. interest rate used
as an evaluation tool; this overcomes
difficulties with interpreting IRR objec-
tives.

Part 11 deals with optimization theory
and methods, and represents the largest
and meatiest part in the book. It con-
tains the material required to under-
stand modern optimization methods, as
well as small, illustrative examples.
Chapter 4 provides concepts and geo-
metric descriptions of nonlinear pro-
gramming problems with objective and
constraint contours, convexity proper-
ties for functions, level sets and feasible
regions, classification of surfaces based
on quadratic forms, and a qualitative
derivation of unconstrained optimality
conditions. Chapter 5 then deals with
unconstrained optimization methods in
one variable, focus on gradient and
function methods in one dimension,
Newton’s method, regula falsi method,
and quadratic and cubic interpolation
methods. Fortunately, some “old chest-
nuts” are excluded such as the
“guaranteed” golden section method.
Chapter 6 discusses unconstrained opti-
mization methods in many variables and
all of the material in the previous chap-
ter is actually repeated here. A brief
description is given of random and grid
search methods, conjugate direction
methods, Newton’s method, Mar-
quardt’s method, and trust region (TR)
methods. Actually, it should have been
observed that Marquardt’s method is a
particular TR method. It should also be
noted that matrix-free conjugate gradi-
ent methods for nonlinear problems are
now outperformed by limited memory
quasi-Newton methods. Their treat-
ment should replace conjugate gradi-
ents in this chapter. Finally, Chapter 7
provides a geometric description of LPs
and presents a lengthy description of the
simplex method (first with a numerical
example, then with algebra, and then
another example). Although there is a
brief mention of specialized problems
with network flows and assignments,
there is no discussion of alternate op-
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tima (dual degeneracy) or duality in LPs
and only a brief mention of more mod-
ern barrier methods. Also, it would be
uscful to move the presentation of
quadratic programming from Chapter 8
into this chapter. Finally, the benefit of
this chapter is the discussion of soft-
ware with a focus on Exccel for a trans-
portation example.

Chapter 8 consists of a very long
chapter on constrained nonlinear pro-
gramming and takes an example based
approach, without rigorous descriptions
of optimization properties. To my mind,
this chapter seems to cover too much
material as it combines constrained
methods along with available software
(should use a table for this), automatic
differentiation, modeling systems, and
do’s and don’ts for applying the soft-
ware to nonlinear models. A separate
chapter on some of the more software
related issues would be welcome. The
chapter gives a geometric treatment of
the KKT conditions (without constraint
qualifications), multiplier interpreta-
tions, and second-order conditions. A
comprehensive list of methods is cov-
ered including quadratic programming
and penalty function methods (exterior,
augmented Lagrangian and barrier).
SLP and PSLP with trust regions are
covered at a nice level of detail, and
there is a short treatment of vanilla SQP
and a long treatment of GRG with mo-
tivation through numerical examples. A
minor note is that MINOS is listed in-
correctly among software as an SQP
method. In fact, it can be described
nicely in the context of a GRG method.

Two more recent topics were added
to the text in this edition. Chapter 9
provides a brief treatment of mixed in-
teger problems. Two classical integer
problems (knapsack and traveling sales-
man) are presented along with a discus-
sion of mixed integer linear program-
ming (MILP) and branch and bound.
Mixed integer nonlinear programming is
described using a branch and bound
method with NLPs, and this is illus-
trated on small example using the Excel
Solver. Other methods including outer
approximation and disjunctive program-
ming arc mentioned briefly. The chap-
ter provides useful cautions on noncon-
vexity, which is the key feature in Chap-
ter 10 on global optimization. In fact,
these two chapters could be tied more
closely together as an effort to over-
come¢ nonconvexitics. Instead, this
chapter discusses global optimization
for continuous and discrete (!) prob-
lems. Mecthods discusscd here include
spatial branch and bound using «BB
underestimators, multistart methods
(with probabilistic properties), and
heuristic methods for discrete (or dis-
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cretized) problems. These include tabu
search methods, simulated annealing,
genetic algorithms, and an evolutionary
algorithm (presented in the context of
EXCEL).

Part Il is devoted to applications of
optimization to chemical enginecring,
and this sets the book apart from opti-
mization texts. It illustrates how the
methods of previous chapters are ap-
plied to chemical engineering problems
and provides evidence of the richness of
chemical engineering applications
through these case studies. These ex-
amples are quite good, although many
in Chapters 11~14 are somewhat classi-
cal. Also, Part III contains mostly small
models, with an absence of network and
synthesis problems (except for a case in
Chapter 14), which would necessitate
MILP and MINLP models. In particu-
lar, the inclusion of these problems
would have provided a rich illustration
of modern optimization models and al-
gorithms. This part could also be im-
proved by a more systematic presenta-
tion of problem formulations and state-
ments on how they were solved (as in
the CACHE GAMS Case Studies). It
would also be useful to supply more in-
formation on optimization problem
sizes, the performance of optimization
algorithms, more information on basic
modeling phenomena and modeling
tips, and to make data files available on
the internet so that they can be run by
the reader using EXCEL, GAMS, or
MATLAB.

The authors provide a useful matrix
classification of optimization problem
classes, as well as chemical engineering
domains. Chapter 11 deals with heat
transfer and energy conservation and
provides simple problems related to an-
alytical and single variable solutions,
heat exchanger optimization (formally
an MINLP, but solved analytically), and
a linear programming power generation
problem. A uscful addition to this chap-
ter would have been heat exchanger
network synthesis, as it provides well
studied problems for LPs, NLPs,
MILPs, and MINLPs. Chapter 12 deals
with useful applications for separation
processes, including NLPs for distilla-
tion (thc Gaminibandara and Sargent
stage model), flow rate optimization
with extraction column flow rates, va-
por liquid equilibrium regression, and
optimal reflux determination based on
a shortcut model. Finally, Chapter 13
discusscs fluid flow systems and begins
with classical examples: an optimal pipe
diameter (1-D) problem done analyti-
cally, minimum compression ratios for
three stages (this could be done more
generally using Lagrange functions),
and a fixed-bed filter (1-D search and
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parametric study). Also considered is
the optimal design of a gas transmission
network. With fixed charges consid-
ered, this could be formulated as an
MINLP, but was solved using NLP with
a specialized branch and bound method.

Chapter 14 discusses reactor design
and opecration and presents a variety of
applications. Included from the previ-
ous edition are a linear programming
thermal cracker yield model, an ammo-
nia synthesis model, and the (very old)
alkylation problem. Exciting new appli-
cations in this chaper are the protein
folding problem, a nonconvex uncon-
strained problem solved with aBB, and
a low pressure chemical vapor deposi-
tion reactor. Finally, an interesting
MINLP reaction synthesis problem is
considered for the HDA process. The
aim is to determine reactors, recycles
and separators that maximize net sales.
Some additional material (and even
data files) would be very welcome for
these examples. Chapter 15 builds on
the previous chapter with the optimiza-
tion of large-scale plant design and op-
erations. Provided here are descriptions
of equation oriented and modular mod-
¢ling approaches with some discussion
on precedence ordering, tearing, and
the structure of process simulators. Ex-
amples covered include an ammonia
flowsheet and hydrocarbon refrigera-
tion.

Finally, Chapter 16 concludes the text
with an interesting overview of inte-
grated planning, scheduling, and con-
trol in the process industries. This is a
timely topic and clearly demonstrates
the economic benefits of the optimiza-
tion strategies described in the text. In-
cluded in the chapter are the computer
integrated manufacturing (CIM) hierar-
chy for operations, using planning,
scheduling, real-time optimization
(RTO), and model predictive control
(MPC). This is a largely descriptive
chapter that includes popular IT topics
such as supply chain and ERP systems.
Examples in this chapter include refin-
ery and batch multiproduct scheduling,

- an MPC problem for rcactor control and

a small data reconciliation problem.

In summary, this is an essential text
for senior level courses on chemical en-
gineering optimization and for practic-
ing engineers. For this audience, it is
particularly cnhanced by the material on
the Excel Solver, which now makes op-
timization methods universally accessi-
ble. Moreover, to my knowledge, no
other text deals with the breadth of op-
timization for chemical engineering.
This book is a useful addition to my
bookshelf and also a nice starting point
for cxploring new optimization topics
relevant to chemical engineering.
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Principles and Modern Applications
of Mass Transfer Operations

By Jaime Benitez, Wiley, New York, 2002, 499
pp.. $89.95.

Professor Benitez’s book is a new en-
try into the market of textbooks in-
tended for use in courses that teach
chemical engineering separations,
staged operations, and continuous con-
tacting mass-transfer processes. Famil-
iar texts in this group are Separation
Process Principles (Henley and Seader,
1998), Mass Transfer Operations
(Treybal, 1980), the pair of books by
Wankat (1988, 1990), Equilibrium Staged
Separations and Rate Controlled Separa-
tions and Separations Processes by King
(1980). Of these, this new book is clos-
est to Treybal’s book in topics and ap-
proach.

Principles and Modern Applications of
Muss Transfer Operations is very much
focused on the traditional chemical
process industries. Chapter titles are,
“Fundamentals of Mass Transfer, Con-
vective Mass Transfer, Interphase Mass
Transfer Equipment for Gas-Liquid
Mass-Transfer Operations, Absorption
and Stripping, Distillation, and Liquid-
Liquid Extraction.” Each major section
of the book has learning objectives,
which certainly benefit the students and
perhaps the instructor! A key feature of
the book, which separates it from the
other texts mentioned above, is the in-
corporation of Mathcad for both exam-
ple problems and homework questions.
A library of Mathcad programs for solv-
ing the Maxwell-Stefan equations,
packed column calculations, sieve-tray
design, binary distillation problems by
McCabe-Thiele method, and multistage
crosscurrent extraction is given in the
appendices. These programs enable
students to obtain useful solutions with
less effort, as well as allow them to ex-
plore the different variables or parame-
ters. The wide availability, low cost, and
ease of use of Mathcad allow it to be
the modern equivalent of “back of the
envelope” calculations, which can be re-
fined, if necessary, using full-scale pro-
cess simulators.

The first chapter, “Fundamentals of
Mass Transfer,” introduces the subject
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formally and in significant detail cover-
ing essentially all topics of diffusive
mass transfer necessary for study using
this book. The author often goes be-
yond the standard treatment. For exam-
ple, after definitions of concentration
and fluxes, the Stefan-Maxwell rela-
tions are given as the fundamental
model for molecular diffusion. This is a
nice feature, contrasting most of the
competing books, which start with Fick’s
Law. By starting with Stefan-Maxwell
equations, such problems as chemically
facilitated transport, membrane trans-
port, (apparent) paradoxes of diffusion
caused by pressure differences, and
multicomponent diffusion in complex
mixtures, can be described. The 17 ex-
amples in this 65 page chapter include
such topics as dissolution, and effective
diffusivity in a multicomponent gas mix-
ture (related to ammonia cracking) and
in a mixturc of solvents. The standard
problems, simple binary diffusion
through a stagnant film and equimolar
counterdiffusion are also included. 31
homework problems are given most with
(just) the numerical answer.

The second chapter, “Convective
Mass Transfer,” begins by relating mass
transfer in turbulent flow to the previ-
ously-solved diffusion through a stag-
nant film and thus defines the “F”
mass-transfer coefficient in an identical
fashion to Treybal (1980). Sections on
dimensional analysis, and mass- and
heat-transfer analogies follow (includ-
ing a reprinting of Table 3.2 from Trey-
bal comparing dimensionless groups in
which we find, surprisingly, in this world
of electronic publishing that the local
mass-transfer coefficients k_ and k, are
copyrighted!).Through the 14 examples,
53 pages, and 26 homework problems,
the author does a very good job explain-
ing which type of mass-transfer coeffi-
cient to use for many situations and how
to find a value for it.

The third chapter, “Interphase Mass
Transfer,” contains a very brief treat-
ment of phase equilibria including
Raoult’s Law, a “modified form of”
Raoult’s Law (that is, activity coeffi-
cients are written for the liquid phase),
Henry’s Law, and K-factors for liquid-
liquid systems. Given the overriding im-
portance of phase equilibria on all of the
problems in this book and all mass-
transfer operations, it might have been
better if a more comprehensive exposi-
tion on the topic was done. Interphase
mass transfer is discussed starting with
two-resistance theory; overall mass-
transfer coefficients are introduced.
Another couple of sections are devoted
to gas side controlled and liquid side
controlled situations. This is the end of
the formal treatment of mass transfer
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and, if carefully studied, students would
know rules and procedures for getting
mass-transfer coefficients for a very
large fraction of the situations in the
process industries. However, they might
have gained more understanding and
ability to apply these concepts in new
situations if the various coefficients and
driving forces had been compared nu-
merically and algebraically (such as to
show that the logarithmic driving force
is equivalent to a linear driving force for
sufficiently dilute systems). Also, there
is no discussion of mass transfer in
terms of the differential transport equa-
tions; the word “boundary-layer” does
not appear in the index and apparently
not in the book. The rest of this chap-
ter is a first cut at the basic procedure
using mass balances and equilibrium
lines for solving continuous contacting
operations and equilibrium staged op-
erations. The mass balance is used to
get an operating line and the corre-
spondence between the diagram and a
real device is discussed as is the con-
cept of minimum flow rates caused by
intersection of the equilibrium and op-
erating lines. For staged operations, the
basic stepping construction is intro-
duced. A total of 10 examples and 27
homework problems are included.

The next chapter, “Equipment for
Gas-Liquid Mass Transfer Operations,”
describes gas-liquid packed towers ex-
tensively; bubble columns and tray
columns are also included with some
discussion of tray design. Enough infor-
mation is given, for example, to choose
packing size or, say, tray spacing, for
many situations.

The title of Chapter 5 is “Absorption
and Stripping”. The topic is first dis-
cussed for tray columns and then for
packed columns. Thermal effects are
also considered for both tray and
packed towers. The chapter ends with
an elaborate solution that takes 8 pages
for adiabatic ammonia absorption in a
packed tower. 26 homework problems
are included.

“Distillation” is the topic of the sixth
chapter starting with flash, which is fol-
lowed by simple distillation (but only for
a single stage, which must lecave stu-
dents wondering why anyone would use
it). Next comes the McCabe-Thiele
method, which is covered extensively in-
cluding using it with the Kremser
method to deal with a large number of
trays. Also, a Mathcad program is sup-
plied for solving McCabe-Thiele distil-
lation. The Ponchon-Savarit Method is
not included. The chapter continues
with packed column distillation, and the
use of the Fenske, Underwood,
Gilliland method for (approximate) cal-
culation of multicomponent distillation,
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