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Abstract - In this work, an alternative
procedure to retrofit an industrial plant is
proposed, based on a new heat exchanger
network (HEN) synthesis and evolution
algorithm. The idea is to consider the
retrofitting as a grassroots design, but with
match constrains accounted for during the
synthesis. First, a lower bound for the HEN
total annual cost (TAC) is determined and a
new HEN is synthesized. A comparison
between this HEN and the actual one is
performed to search for structural
similarities, forming the set of match
constrains. Then, a new HEN keeping those
similarities is proposed. The comparison
among the three HENs indicate the
recommended structural modifications. A
Case Study is considered. Results show a
reduction on the TAC, indicating the actual
HEN is poorly integrated and a retrofit can be
performed without many changes on the
structure. The automatic HEN synthesis and
evolution are performed using the software
AtHENS,

Keywords: retrofit, automatic synthesis,
automatic evolution, industrial plant.

I. INTRODUCTION

The area of Process Design has evolved a lot
for the last two decades since there was an increase on
the Energetic Integrated Systems research, particularly
on the problem of Heat Exchanger Network (HEN)
synthesis (Gundersen and Naess, 1988). Among the
various methods so far proposed to solve this problem,
the Pinch Design Method, PDM (Linnhoff and
Hindmarsh, 1983), can be highlighted. The PDM
combines a strong thermodynamics basis and an easy
way to synthesize networks near to the pinch point (PP).

On developing processes nowadays, the
concepts of energetic integration are already accounted
for during the synthesis stage, so the total annual cost
(TAC) can be reduced, and hence the energy cost. But,

as almost all the older processes did not do this, they
frequently present a high-energy consumption. In order
to improve it, these processes must go through some
structural changes (retrofitting), which represent an
increase on the capital cost (new heat transfer area, new
piping etc), indicating that there is a trade-off between
the operational and capital costs. Works on this issue
are published since the 80's (Linnhoff and Withrell
(1986), Tjoe and Linnhoff (1986)), the majority of them
are based on the thermodynamic approach. In the 90's,
some works based on the mathematical programming
approach were developed (Ciric and Floudas, 1990),
which use the concept of superstructure and an MINLP
programming to model the problem and solve it
automatically. The great advantage of this approach is
that models can be as exact as the designer may wish,
incorporating all kind of constrains. The disadvantage is
that, in doing so, the problem complexity increases in
the same proportion and so the way to solve it, which
depends on a good initial point to avoid convergence
difficulties and instability. Other works (Asante and
Zhu (1996), Briones and Kokossis (1996)) propose
methods that combine both mathematical and
thermodynamic approaches, decreasing the problem
complexity, but they are still dependent on a good initial
point.

As the major feature of a good retrofit method
is to decrease the energy consumption with the lowest
change on the actual HEN structure, this work proposes
a retrofit procedure, which combines the idea of
incorporating all kind of match constrains from the
retrofit procedures based on the mathematical
programming approach and the fast and easy way to
synthesize grassroots HEN from the design procedures
based on the thermodynamic approach. This
combination was possible due to the new HEN
synthesis and evolution algorithms proposed by
Liporace et al. (1997,1999) to automatically synthesize
and structurally evolve HENs. The performance of
these new algorithms have already been compared to
the ones reported in the literature and good results were
provided (Liporace et al., 2001). Next, some important
features of these algorithms are highlighted.

The HEN synthesis stage uses a modified PDM
rule to synthesize the HEN near to the PP, namely the


