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This volume consists of 17 papers selected from a 2-day
symposium organized by the Institution of Chemical En-
gineers (Northwest Branch) and held at the University of
Manchester Institute for Science and Technology, March 22-
23, 1988. It is of primary interest to engineers who are con-
cerned with energy management stirategies, particularly as
they might be applied in cogeneration applications. Many of
the papers have an operations research flavor. Virtually all
of the examples are taken from the hydrocarbon processing
industry.

Process integration is a subtask of process synthesis as
originally described by Rudd,! Masso and Rudd,? and Rudd
et al.? Synthesis is the act of “discovering” new and im-
proved process flow sheets that solve a particular design prob-
lem. Synthesis (or design) tasks include such activities as
selecting various unit operations and processing technologies,
finding efficient methods of linking unit operations into a
processing network, and integrating the network to minimize
heat transfer utilities (e.g., cooling water, refrigeration, and
process steam usage).

Since Rudd first suggested process synthesis as a research
area, two general solution strategies have evolved. Prob-
lems can either be addressed heuristically (i.e., using various
empirical rules-of-thumb) or else algorithmically. Heuristic
methods are generally simpler to implement and easier to un-
derstand, but they are also less precise and often ambiguous.
Typical separation heuristics include simple rules such as “re-
move the most plentiful component first” or “do the difficult
separation last.” Algorithmic synthesis methods are usually
operations research applications with innovative or insightful
twists leading to improved solutions. Algorithmic synthesis
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methods typically involve the use of dynamic programming,
mixed integer programming, or branch-and-bound strategies.
Some investigators have advocated combined heuristics and
algorithmic methods where a hierarchy of design strategies
are implemented sequentially.

Although both heuristic and algorithmic methods are dis-
cussed, the primary focus of this book is on the latter area
and, in particular, the design of energy management networks
that support chemical processing activities. In the simplest
case, sensible heat is transferred from hot processing streams
that require cooling to cold processing streams that require
heating. The primary goals are to maximize the amount of
heat that is transferred between processing streams and to
minimize the number of heat exchangers in a network. This
strategy minimizes the residual utility requirements (e.g.,
cooling water, refrigeration, and stream) and the capital in-
vestment to construct the network.

Most of selected papers (10 of 17) are related to a partic-
ular algorithmic method —the “pinch technology” heat ex-
changer network design method that was pioneered by
Linnhoff. They generally assume that the reader has a work-
ing knowledge of key terms (e.g., problem tables and grand
composite curves) that are not defined in the book? and is
familiar with pinch technology. O’Young, Jenkins, and Linn-
hoff, for example, formulate the pinch table for cases where
there are network constraints. (The original analysis assumed
that the heat exchanger networks were unconstrained.)

In all, Linnhoff is a contributor to 4 of the 17 chapters.
Of these contributions, the paper by Linnhoff and deLeur is
perhaps of greatest interest to Nuclear Technology readers.
They examine the strategic use of furnaces to reduce total en-
ergy usage in an application and point out that combustion
air should always be preheated to the cold pinch temperature
to achieve maximum furnace efficiency in a network.

There are additional contributions that describe the ap-
plication of pinch technology to specific problems, its exten-
sion to new problems, or address related issues. For example,
Reimann and Steiner examine a related issue, the stability of
networks that have been designed using pinch technology.
They present two design aids —a set of simple rules and for-
mulas, and a dynamic simulator for modeling networks. They

2Douglas gives an introduction to heat exchanger network design
in Ref. 4.
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conclude that networks that have been designed using pinch
technology have good controllability.

Kotjabasakis and Linnhoff present a case study in pro-
cess flexibility (i.e., debottlenecking and catalyst fouling) and,
in a somewhat related paper, Linnhoff et al. further extend
this analysis to examine batch processing. In this latter paper,
their analysis considers debottlenecking and energy integra-
tion as simultaneous goals. Here, they are trying to increase
batch throughput rates and flexibility, as well as reduce en-
ergy usage.

Kemp and Macdonald also analyze batch processing.
They describe methods that identify process changes by split-
ting the grand composite curve and they provide a more rig-
orous targeting method.

Rossiter and Ranade discuss the use of marginal costs for
analyzing retrofit costs, while Ranade and Sullivan describe
software allowing the integration of heat pumps. These two
papers describe results from work sponsored by the Electric
Power Research Institute and will be of interest to readers
who are concerned with cogeneration. Glavic extends Linn-
hoff’s methods to systems involving heat engines and chem-
ical reactors. This paper is also relevant for cogeneration
studies.

Other algorithmic approaches to solving heat integration
problems are presented by Dhallu and Johns, Ciric and
Floudas, and Chang and Yu. For example, Dhallu and Johns
evaluate heat integration in distillation networks. They present
a new algorithm for solving the nonlinear, nonconvex, mod-
ified transportation problem that results from their analysis.
Ciric and Floudas apply a two-stage procedure for address-
ing heat exchanger network problems in retrofit situations.
Their technique utilizes superstructure analysis with mixed in-
teger linear programming and nonlinear programming. On
the other hand, Chang and Yu provide a third approach.
They describe an evolutionary stream-merging technique to
reduce the number of heat exchanger units without energy
penalty or violating the minimum approach temperature.

Four papers are concerned with flow sheet development
more than with integration per se. Lott describes the use of
simulators as an aid to process synthesis. This paper appears
first in the book and provides a short overview of synthesis.
Dhallu and Johns describe a procedure using dynamic pro-
gramming to synthesize distillation trains with heat integra-
tion. They deal with state optimization by discretizing their
continuous variables (e.g., pressure). On the other hand,
Kaibel considers the use of exergy in arranging distillation
columns with low energy consumption while Floudas applies
mixed integer linear programming and superstructure analysis
to solve a multiple-feed distillation tower synthesis problem.

This book is a useful reference for engineers who are al-
ready familiar with pinch technology and have some back-
ground in process synthesis. It addresses many relevant
questions such as batch processing, retrofit analysis, flexibil-
ity, controllability, etc. It will be particularly interesting to
chemical engineers since most of the examples are taken from
the chemical processing industry.
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This is a big book —all 7 Ibs. and almost 2000 pages of
it. Prepared for the U.S. Department of Energy, the basic
purpose of this book is to summarize the wealth of radiobi-
ological information developed by U.S. government-financed
experimental work for internally deposited radioisotopes and
associated phenomena in the period from World War II (1940)
through 1980. Thus, these data were obtained not only before
the records thereof disappeared into some “never-never land,”
but also while some of the principal experimenters were still
available for interviews. Since the author was an important
figure in this effort, it is particularly fortunate that he was
willing to undertake such a tremendous project. One can only
thank him for a difficult job well done.

The material is presented in 21 chapters, which the author
suggests may be divided into the following major categories:

1. naturally occurring radioactive elements
. manmade radioisotopes

. inhalation toxicology

. environment

. instrumentation
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. therapy and nuclear medicine
7. concluding comments.

Categories 1 and 2 are obviously concerned with uranium, ra-
dium, radon (and daughters), thorium, polonium, and plu-
tonium, along with various actinides and fission products.
The data are presented element by element for the laborato-
ries involved, and with rather detailed descriptions and anal-
yses of the methods used and the results obtained. Included
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