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N THE SPRING OF 1981, the author started teach-

ing a process control course at Colorado State
University. It was realized at that time that most
universities taught the course following certain
text books and that the course contents usually did
not give an overall idea on how to integrate the
concepts of process control into the overall process
design. Dr. Morari (Wisconsin) and Dr. Stephano-
poulos (Minnesota) [1] have advocated the need
for integrating process control into the overall
plant design. However, their ideas are too detailed
and are beyond the scope of an undergraduate
curriculum. Recently, Prassinos, McAvoy, and
Bristol [2] presented some ideas about understand-
ing complex control structures. However, none of
these schemes have been classroom tested in any
undergraduate program. The course at CSU was
thus designed to expose students to the complexi-
ties of designing an instrumentation and control
system for the overall plant. It was recognized that
this would be a tremendous undertaking by
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TABLE 1. Semester Design Project
INSTRUMENTATION/CONTROL OF OLEFINS PLANT

The accompanying brochure describes the C-E Lummus
process for manufacturing olefins. Flowsheets and material
and energy balance information are provided in the bro-
chure. The following are the purposes of the project:

1. Identify the control variables, manipulative variables,
and the disturbances for individual equipment. Pair the
possible control and manipulative variables.

2. Get approximate models for each system. Obtain the
parameters of the models wherever possible.

3. Design control strategies for all the operations. Add
safety features and information-oriented data col-
lection systems when necessary.

4. Get rough estimates of the cost of the overall instru-
mentation of the plant.
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The experience of the author is that

students should be taught process control from
the overall plant design concept. They should be
exposed to the complexities and interconnections
of different process units.

students who were seemingly unaware of the diffi-
culties that could be encountered in such a project.

PROJECT FORMAT

The students were divided into groups of two
or three and were given the whole semester to
complete the project. Table 1 shows the type of in-
formation (besides the flowsheet [Fig. 1]) that
was given to the students.

In 1981, students designed an overall control
system for the sodium dodecylbenzene sulfonate
plant [3]. In 1982, the students designed an instru-
mentation and control system for an olefins plant.
This was a C-E Lummus plant [4]. Typically,
students were given flowsheets and some mass and
energy balance information. They were taught
how to select manipulative and control variables
(using relative gain array). They were asked to
make simplifying assumptions, where needed, to
arrive at a steady state model of the individual
unit operations. Where possible, they obtained
dynamic models. They had to select the appropriate
control schemes for individual unit operations,
with particular emphasis on the possibility of re-
ducing interactions between the loops (decoupling
control) . They had to design feed-forward control-
lers if appropriate dynamic or steady state models
were available, to guard against disturbances.
Then students had to identify the safety features
of the plant and design proper instrumentations
(like override control, safety alarm) to alleviate
the safety problems. They had to draw a P&ID
diagram for the overall system. The students were
given instrument catalogs from which to select
their instrument hardware (including computer
systems). After selecting the appropriate hard-
ware, they contacted the instrument vendors to
get the unit prices. They finally calculated the cost
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of total instrumentation and control which was
compared with that obtained using plant design
texts [3].

DISCUSSION

Accomplishments

e Students were able to apply the concepts learned in the
“structured lectures” to a “real” plant.

o Students realized that in real life the instrumentation
and control problems were not as simple as given in
most of the texts.

o Students learned the practical aspects of looking up in-
formation in the vendor’s catalog and of becoming
familiar with the present state of the art as far as the
availability of different instruments is concerned.

e Students learned to make simplifying assumptions to
arrive at different models.

e Students learned about the possibility of application of
advanced control techniques in the overall design of the
plant.

e The experience gave the students a broader outlook on
the design aspects of a plant.

Shortcomings

o Since the department of chemical engineering at CSU is
new, it does not have ‘“canned” computer programs to
generate steady state and dynamic models of the unit
processes.

e It was difficult to get the necessary information from
the companies about the processes (C-E Lummus was
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FIGURE 1. Flow diagram for the manufacture of so-
dium dodecylbenzene sulfonate.* Students designed
the overall instrumentation and control system for this
plant.

*Reprinted with permission of McGraw-Hill Book Company
from Plant Design and Economics for Chemical Engineers,

3rd Edition, 1980, by M. Peters and K, D, Timmerhaus;
page 22,
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reluctant to provide any more information about their
plant than was already available in the literature).

e Students found it difficult to talk to some vendors, main-
ly because they were not actual customers. Students
often did not have enough process information to all
the questions the vendors asked them.

CONCLUSION

The experience of the author is that students
should be taught process control from the overall
plant design concept. They should be exposed to
the complexities and interconnections of different
process units. As far as the author is aware, no
textbook currently deals with this aspect. The in-
dustry should provide information about some
“typical” plants so that students can arrive at
simplified models. Students should have access to
computer programs to obtain simplified models of
the different unit processes and should be exposed
to catalogs published by instrument vendors. The
experience at CSU in trying to teach the concept
discussed above has been reasonably successful. O
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