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INTRODUCTION

Abstract. This volume contains the proceedings of
the IFAC/EFCE-Symposium "DYCORD+'89", which
was held at Maastricht (Netherlands) from August
21 to 23, 1989. The previous symposium (Bourne-
mouth 1986) was focussed on Dynamics and Control
of (chemical) Reactors and Distillation columns,
hence its acronym DYCORD. For 1989 the scope
has been extended to batch processes, which is
indicated by the plus sign in the name. In this
way, the present symposium deals with three
application areas of great interest to automatic
process control.

Keywords: dynamics and control of: batch proces-
ses, chemical reactors, fermentation reactors,
distillation processes; process control; process
modelling; Al techniques.

REACTORS

Chemical reactors usually form the critical core of
chemical plants. In most cases, what is done there
cannot be undone, by rerunning nor recycling. In
particular catalysts have to be protected against
contaminants, high temperatures, etc. A problem is
the great variety of reactor types and reaction
mechanisms, hence solutions tend to be tailor-
made.

DISTILLATION

Distillation is still the predominant separation
process in the chemical industry. This mainly holds
for continuously operated tray columns in bulk
sectors, but tray or packed columns are also rather
common in small-scale process industries, either in
batch or semi-continuous operation. Due to their
multistage or distributed character, it is quite a
challenge to develop simple and realistic dynamic
models. This particularly holds for columns with
high purity products, which tend to behave in a
very nonlinear manner.

Control systems for distillation columns are inher-
ently multivariable. Of special interest is coping
with the interaction between top and bottom purity
control: Effective dual quality control systems
bring about a reduction in plant investment costs,
as now two pure products can be realized with one
column. Additional interactions appear when two or
more columns are heat-integrated. Evidently,
advanced process control is a must for advanced
process design.

BATCH PROCESSES

In the past, batch processes have often been
treated as the Cinderella of the process industries.
Continuous processes were considered to be superi-
or, not in the least owing to the well-developed
regulatory control and automation technology. But,
with the introduction of the PLC (programmable
logic controller) in the seventies, automatic se-
quence control has become a practical possibility
for flexible and reproducible operation of batch
processes. In the eighties, the second generations
of PLC's and DSC's (distributed control systems)
have enabled integration of sequence and regulato-
ry control functions. Presently, system manufactur-
ers put great efforts into extending and improving

vil

software for configuring sequence control func-
tions, which holds promise for more efficient deve-
lopment and maintenance of batch automation
systems.

Evidently, there is less and less reason for prefer-
ring continuous processes over batch ones. With
the growing need for high-performance and spe-
cialty products, with large added value per Kkilo-
gram, batch processing will become even more
important.

For automation and control experts, batch proces-
ses offer interesting and diverse tasks. Compared
to continuous ones, there are additional subjects,
such as plant scheduling (the timing of process
steps), program control (optimum time functions
for process variables), adaptable recipes (coping
with changing conditions at the beginning or
during the batch), and flexible switching from one
recipe to another.

METHODS AND TECHNIQUES

Thus far, we have mainly looked at the object for
application of dynamic analysis and control systems
design. Of course, during the symposium methods
and techniques will receive much attention too.
Complex processes need dynamic models which can
easily be adapted and updated. These models also
play an important role in various types of model-
based control, which represent an important field
of advanced control techniques. Additional possibi-
lities are created by modern developments in
artificial intelligence, in particular with respect to
expert systems and neural networks.

SYMPOSIUM SCOPE

In soliciting and selecting papers for the symposi-
um it was not always easy to define the border-
lines of the various topics. Strictly speaking, fer-
mentation processes are biochemical rather than
chemical reactors, but we felt that including them
was worth while in view of their growing impor-
tance, and their interesting modelling and control
aspects. Three related papers about modelling
crystallizateion created some discussion. Finally we
decided to allow reduction to one paper, focussed
on topics of central interest to the symposium.
Adsorption and absorption operations differ from
distillation processes, but control requirements and
model structures are quite similar. Batch processes
come in very broad variety, hence we had to
resort to the term "miscellaneous" in defining
paper clusters for sessions.

All in all, we hope the selected papers will also be
of interest to process designers in order to catch
up with opportunities and limitations of modern
process control, and to control scientists to obtain
realistic cases for research in methods and techniques.

Prof. John E. Rijnsdorp (chairperson IPC)

Lupinestraat 32, 7552 HK Hengelo (O)
Netherlands



SUMMARY

Compared to the first DYCORD Symposium (held in Bournemouth, UK, 1986), the
scope of DYCORD+'89 included dynamics and control of batch processes as an addi-
tional third topic. There were 189 participants from 19 countries, of which 123 work
in industry.

For each of the three main topics there was a plenary survey paper, all emphasizing
the broad diversity of processes, operating conditions, and problem solutions. A
fourth plenary presentation was devoted to the interactions between process design
and process control. It highlighted singular value analysis as a tool for assessing
plant operability, with consequences for the process structure.

A plenary panel session focussed on "sense and nonsense of artificial intelligence for
process control". The number of industrial applications still appears to be very small.
The table gives a survey of papers announces, submitted, and actually presented in
the technical sessions.

SECOND

TOPIC ANNOUNCEMENT SUBMITTED PRESENTED
distillation 19 18 15
misc. cont. processes 6 6 6
cont. chemical reactors 12 11 8
batch chemical reactors 7 5 4
fermentation reactors 3 3 3
other batch processes 8 7 7
Totals 55 50 43
wholly or partly from

industry 20 18 15

There were a good number of papers about industrial applications of advanced control
techniques. Solutions were offered for control of distillation columns with high purity
products. A lasting problem is the choice of control structures.

Of special interest were papers about optimal thermal processing of canned food,
application of finite automata theory to sequential control, and dynamics of crystal-
lizers.

Two technical sessions were devoted to the application of artificial intelligence
techniques to process control. Two of the papers were about neural networks, intro-
duced by a nice tutorial in a well-visited early morning session.

In general model-based techniques are making headway in industry, often combined
with parameter estimation. A major problem is "coping with diversity" which requires
adaption of general methods based on process insight. The symposium scope appears
to attract many papers and participants, with much interest from industry. As a
consequence, a third symposium in the series is being planned for 1992,

prof. J.F. MacGregor,
prof. J.E. Rijnsdorp,
prof. T. Takamatsu,
dr. B.D. Tyreus.
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THE IMPACT OF PROCESS DIVERSITY ON
DISTILLATION COLUMN CONTROL

W. L. Luyben

Process Modeling and Control Center, Department of Chemical Engineering, Lehigh
University, 111 Research Drive, Bethlehem, PA 18015, USA

ABSTRACT

The engineering science of distillation column
design and control is considered by many
academic visionaries to be a mature field that is
not worthy of continued research. However, the
economic importance of distillation in the
chemical and petroleum industries continues to be
very significant. This is true in both old and new
plants and processes. The replacement of
“inefficient” distillation by newer separation
methods that has been predicted for over a
decade has not occurred. The hard-nosed
economics continue to show well-designed
distillation systems can out-perform any of the
alternatives in a very large number of processes.

Many universities around the world with more
practical engineering research interests continue
to have active research programs in distillation.
This is particularly true in the area of the
dynamics and control of distillation systems. The
increasing diversity and complexity of distillation
systems present significant design and control
challenges for future engineers.

This paper attempts to point out how the
extensive diversity that is encountered in
distillation applications has a significant impact
on the design of control systems for distillation.

between an air-to-open and an air-to-close control valve and
INTRODUCTION have never heard of relative volatility.

Well, I don’t believe a word of it! Distillation is alive and
growing. I have spent all my professional life working in
distillation, some thirty-five years, and every week brings a
new situation, a new problem, a new insight, a new theory
to test, a new design to evaluate or a new approach to an
old problem. My prediction is that the importance of
distillation in the real world of chemical engineering will not
soon diminish. I am also confident that more level heads
will prevail in most of our educational institutions, and the
importance of distillation as a mainstay of chemical
engineering education will continue into the next century.

An invitation to give a plenary lecture is always greeted
with mixed emotions. On the one hand, it is supposed to be
somewhat of an honor to be asked, since at least the
meeting organizers feel you might have something
worthwhile to say. On the other hand, I remember the
remark that Professor Neal Amundson made during one of
his many invited lectures. He said that when you start
receiving this kind of invitation it means you are rapidly
approaching senility. Therefore, I don’t know if I should be
flattered or concerned. In any event I will do my best to
convey some of my personal thoughts on why the field of
distillation dynamics and control is where it is and where it

ikt o Many plenary lectures basically provide an extensive review
may be going in the future.

of the literature of the field. That is not the goal of this
paper. In fact this paper will set a record for having the
fewest number of references. I apologize to the organizers if
a literature survey is what they expected, but I personally
find it more interesting to discuss a few topics that are
perhaps more philosophical than technical. When an
engineer reaches my age, he or she should be permitted
such indulgences. I hope that the points I make will provide
a little insight, provoke some healthy constructive
controversy and help to explain why we are where we are
in distillation control.

Distillation is dead! So say the academic visionaries. These
learned minds claim that if you are not into biotechnology,
material science, polymers or electronic processing, you
might as well hang it up. There is no future in anything
else. Traditional unit operations and engineering are given
nothing but bad press. Some of our more enlightened
professors have even decided that distillation has no place
in a modern chemical engineering undergraduate education,
and certainly not in graduate education. The courses should
cover “modern” chemical science, with increasing emphasis
on computer science and artificial intelligence (as opposed, I DIST”_LAT'ON PROCESS DIVERS'TY
supposed, to “real” intelligence!). The students will be
computer software “junkies” and hackers who know object-

. ; R The most significant thing that strikes me about distillation
oriented programming but don’t know the difference o & &



W. L. Luyben

is the wide diversity of types of columns, processes and
plants in which they are extensively used. This phenomenon
is difficult for the novice in the distillation field to
appreciate, but it is an important lesson to be learned. The
situation is a little like the man who says that there are
two types of women. What you can conclude from his
statement is that he has known two women. There are
some columns that are quite similar in several plants, but
these are certainly the exception and not the rule.

Certainly some distillation columns can be classified into
general types that perform similar separations. Some
examples are given below, but this list is by no means
exhaustive.

A. STABILIZERS: These are columns in which only a small
distillate is produced that is usually much lighter than the
rest of the components in the feed. These columns typically
have small flow rates of reflux and distillate. The separation
is relatively easy (modest relative volatility) and a
reasonable temperature change occurs in the rectifying
section. The temperature profile in the stripping section is
very flat. Most of the reboiler duty goes into providing
sensible heat to the liquid feed, so only a small amount of
the energy consumption is due to reflux. Bottoms is used to
preheat the feed to reduce energy consumption in the
reboiler.

Figure 1 shows a typical stabilizer column with its standard
control system. Heat input holds a tray temperature a few
trays from the top of the column where the temperature
change reflects the position of the light-key/heavy-key
profile. A temperature near the top is not used because this
is where the lighter-than-light-key components build up and
affect temperatures very strongly. Reflux is ratioed to feed
flow rate. Distillate comes off on reflux-drum level control if
it is a liquid product or on column pressure control if it is a
vapor product.

B. SUPERFRACTIONATORS: These columns separate
components (usually binary) that have very close boiling
points (low relative volatility). They are characterized by a
large number of trays, high reflux ratios and very slow
dynamics. The temperature profile in the column is very
flat and the temperature difference between the top and the
bottom of the column is relatively small. Because of this
small AT, vapor recompression can often be economically
used in these columns. Also because of this small AT,
temperature can seldom be used to infer composition, so
direct composition analyzers are often required.

Figure 2 shows a typical superfractionator with a
commonly used control system. Reflux-drum level is
controlled by reflux flow because of the high reflux ratio.

Distillate flow rate controls distillate composition. Reboiler
steam controls bottoms composition. Base level is held by
bottoms flow rate. Because the dynamics of the column are
very slow (sometimes many hours) extensive use is made of
feedforward control and the column is isolated from
external disturbances as much as possible.

C. PETROLEUM FRACTIONATORS: These columns
usually have no reboilers. Vapor is generated by flashing
hot feed which comes from either a high-temperature
reactor or from a fuel-fired furnace. Several sidestreams are
withdrawn through live-steam strippers. Crude
fractionators (pipe stills or benches) and catalytic cracking
fractionators are the most important examples. Since high
temperature levels are involved, recovery of energy is very
important. Multiple intermediate condensers
(pumparounds) are used.

A degrees-of-freedom argument can be used to show that it
is possible to control only one “major” product quality in
each product. For example, if we control the 95% point of
the first sidestream, we can do very little to change the 5%
point of the second sidestream. Stripping steam can be used
to change the initial boiling point of the second sidestream
somewhat, but its effect on the 5% point is small.

Changing a liquid sidestream flow rate affects the 95%
point of that sidestream and affects all products below that
sidestream, but has only very small effect on products
above that sidestream. This “one-way” decoupling makes
the control problem easier.

Changing a pumparound affects products both above and
below the pumparound since less vapor is sent up the
column and more liquid is sent down. However,
pumparounds are frequently held almost constant for a
given type of feed at flow rates that reflect the economic
optimum trade-off between energy recovery and product
recovery. Increasing pumparound heat removal decreases
fuel consumption in a pipe-still furnace or maximizes high-
pressure steam generation in a cat-cracking fractionator.
However, increasing a, pumparound flow reduces the vapor
and liquid flow rates in the sections of the column above
the pumparound. This reduces the “fractionation” between
product streams above the pumparound (the difference
between the 95% boiling point of the lighter product and
the 5% boiling point of the heavier product), which affects
the yields of the various products.

Figure 3 shows a small petroleum fractionator with three
sidestreams and two pumparounds. It is assumed that both
the 5% and 95% points of the second sidestream are
important and must be controlled. Therefore, neither the
95% point of the first sidestream nor the 5% point of the
third sidestream can be controlled.

D. HIGH “K” COLUMNS: The vapor-liquid equilibrium K-
values or relative volatilities between the two key
components are very large, making the separation very
easy. I like to use the example of the separation of
hydrogen and peanut butter! The temperature profile is
very sharp and the temperature difference between the top
and the bottom of the column is very large. If we try to
control the temperature on a single tray in this type of
column, we will find it is quite difficult because of the high
process gain (a very small change in the manipulated
variable, heat input, produces a very large change in the
temperature) and because of nonlinearity (the temperature
saturates at either the high or low values as the profile
moves past the control tray). A commonly used strategy to
overcome these problems is to use temperature sensors
located at several trays to control an “average”
temperature.

Figure 4 shows a typical column and control system.
Energy consumption is low because the separation is so
easy, so reflux flow is simply held constant.

E. STRIPPERS: Feed is introduced on the top tray. No
reflux is used. The overhead vapor is the distillate product,
and it is almost in equilibrium with the feed. Figure 5
shows typical stripper control system. The only
manipulated variable is heat input to the reboiler. It is used
to keep the desired amount of light component in the
bottoms product. There is no control of the recovery of
heavy component, so significant yield losses can occur
(heavy component going overhead) unless the separation is
quite easy or the amount of light component in the feed is
low.

F. SIDESTREAM COLUMNS: Both vapor and liquid
sidestreams are employed, as are single and multiple
sidedrawoffs. Strippers and rectifiers are sometimes coupled
with the sidestreams. Sidestream columns are used in
binary separations to produce three or more products with
different purities. Sidestream columns are used for ternary
separations when the concentration of the lightest
component in the feed is fairly low (less than 10%), using a
liquid sidestream, or when the concentration of the heaviest
component in the feed is fairly low, using a vapor
sidestream. When these feed concentrations are not low,
sidestream strippers or rectifiers are usually used for
improved energy efficiency.

Figure 6 shows a liquid sidestream column with a stripper.
Distillate composition is held by reflux, sidestream
composition by heat input to the stripper reboiler and
bottoms composition by heat input to the column reboiler.
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The flow rate of liquid to the stripper is used to minimize
energy consumption as feed composition changes
(particularly the amount of the intermediate component in
the feed). In the example shown, a temperature difference is
used to achieve this goal.

SOURCES OF DIVERSITY

The list given above illustrates some of the generic columns
that occur in distillation and their typical control systems.
However, despite the similarities, the individual columns
within each of these classifications can be very different in
both their design and control for a number of reasons. Some
examples of conditions that vary from column to column
are given in this section.

A. FEED CONDITIONS: The number of components in
the feed and their concentrations can be quite different
from plant to plant. A feed that has a lot of light
component requires a different column design and a
different control strategy than one that has a lot of heavy
component. The same is true when different amounts of
non-key components are present in a multicomponent
mixture. The lighter-than-light and heavier-than-heavy key
components can result in drastic changes in the
temperature profile and require different column, reboiler
and condenser designs and different control systems.

Different feed thermal conditions can also affect column
design and control. A column with a subcooled liquid feed
will look and act differently than one with a superheated
vapor feed. Figure 7 compares columns with liquid and
vapor feeds. Subcooled-liquid feed requires a bigger reboiler
and larger diameter stripping section. The control system
must change heat input as feed flow rate changes but must
prevent flooding of the smaller diameter rectifying section.
Superheated-vapor feed requires a bigger condenser and
larger diameter rectifying section. The control system must
change reflux flow as feed rate changes but must prevent
flooding of the smaller diameter stripping section. Weeping
in the larger diameter rectifying section at low feed rates
must also be prevented.

The feed preheating system can vary from column to
column and can profoundly affect the dynamics of the
column. Some feed preheaters act as a source of positive
feedback in a temperature loop which can destabilize the
column. This is particularly true for columns which use a
vapor sidestream to preheat the feed. The positive feedback
is very large because the heat is latent heat of
condensation.

B. PRODUCT SPECIFICATIONS: Product specification:
High purity requirements may require a different column
design and different control structure than low purity
specifications. High-purity columns are very nonlinear and
more sensitive to disturbances. The high-purity process may
have to be isolated from large and rapid changes in feed
composition and feed flow rate (using larger feed tankage)
than the low-purity process. The control of the high-purity
column may require more temperature-composition cascade
systems and/or nonlinear controllers, whereas the low-
purity column may work well with simple linear tray
temperature controllers.

If the product must be controlled within a very narrow
band of purity (must be “on aim”), the control structure
will also be quite different than if purites must only be held
at or above specification. The specified band may be so
tight that it is physically impossible to achieve such small
deviations using normal control systems. It may be
necessary to go to some kind of blending system. Two
stream with purites above and below the specification are
blended to provide tight control of composition. This is
very inefficient from an energy consumption point of view
(second law of thermodynamics), but it may be the price
that has to be paid to accomplish the control objective.
Figure 8 shows a column where the overhead is deliberately
made more pure than the specification, and some feed is
bypassed around the column and blended with the overhead
to produce the product. Of course, instead of using feed, it
may be more economical to use a sidestream for blending.

C. ENERGY COSTS: One of the major sources of
variability is energy costs. These can vary by an order of
magnitude from one plant to another. This is not just due
to variations in the cost of raw energy sources such as oil,
gas or coal. These base fuel costs vary from location to
location around the world because of transporation costs
and national tax structures. But the production and uses of
energy in each individual plant can also lead to major
differences in energy costs from plant to plant in any one
country.

For example, if you are operating a propylene-propane
distillation column (which has a low base temperature and
therefore can use very low-pressure steam as its energy
source) and if there is an exothermic reactor in your plant
that can be cooled by generating low-pressure steam instead
of using cooling water, the energy costs in the distillation
column would be very low. On the other hand, if your C3
splitter is located in a plant where 300 psig steam must to
dropped down in pressure and used in its reboiler, the
energy costs will be high.

The designs and the control systems used in these two
columns would be different.
If energy is cheap, you would probably build a conventional

Cg splitter that has many trays (200), uses a high reflux
ratio (14) and operates at 17 atm. so that cooling water
can be used in the condenser. If energy is expensive (and no
source for heat integration is available), you would
probably build a vapor-recompression Cj splitter that has
fewer trays (150), uses a lower reflux ratio (11) and
operates at 11 atm. The control systems used on the cheap-
energy column might be one in which you control only one
end of the column, wasting a little energy to simplify the
control system, but avoiding dynamic interaction problems
and gaining the added benefit of improved product
recovery. See Figure 9A. The control system used on the
expensive-energy column would probably try to minimize
energy consumption by using a more complex control
structure (dual composition control via multiloop SISO
controllers shown in Figure 9B or multivariable controllers
such as DMC).

D. UPSTREAM AND DOWNSTREAM UNITS: If your
distillation column is fed from a large storage tank and if its
products are sent into large tanks, the design and control of
the column can be treated differently than if the column is
in a direct sequence of operating units. Limitations in flow
rate changes (both absolute magnitude and rate of change)
in upstream or downstream units connected to the column
can require a different control structure than would be used
if the column were operated in isolation.

For example, suppose the distillate product from a column
is a vapor. If this vapor is discharged into a large header
which can accommodate the swings in vapor flow, the
vapor distillate stream would probably be used to control
column pressure. Let us assume that the rest of the control
system uses reflux to control a tray temperature near the
top of the column, steam to the reboiler is fixed and reflux
drum level is held by cooling water flow rate. See Figure
10A. Any changes in the energy or material balances will
show up directly in frequent and large swings in vapor
distillate flow rate.

However, if the vapor distillate is fed into another
distillation column, large changes in flow rate could upset
this downstream column. Therefore the appropriate control
system on the first column might be (see Figure 10B) to
use reboiler steam to control temperature, hold reflux drum
level with reflux flow rate, control column pressure with
cooling water flow rate and ratio distillate vapor flow to
reflux flow. The reflux drum level controller would be
proportional-only and a large drum would be used so that
the changes in reflux and distillate flow rates are very
gradual.

E. SOURCES OF HEATING AND COOLING: The
heating and cooling media used in the reboiler and
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condenser can drastically affect column design and control.
If a direct-fired furnace or a Dowtherm heater is used to
provide heat, the dynamics of the column/reboiler system
will be much slower than if high-pressure steam is used, and
a different control system may be required. If cooling water
is used in the overhead condenser, column design and
optimum operation will be different than if refrigeration is
used in the overhead condenser. For example, if the
condenser is water or air cooled, the feed should normally
be preheated as much as possible to reduce energy
consumption in the reboiler (note, total energy consumption
is not reduced as feed preheat is increased). However, if the
condenser is refrigerated, the feed should be kept as cool as
possible to reduce refrigeration costs.

The use of heat integration among various processes and
columns usually requires process designs and control system
designs that are quite different than when energy sources
and sinks can be treated as utilities. Floating pressure in
the high-pressure column is sometimes used; but in other
systems auxiliary reboilers and condensers must be used to
break the coupling between the units. Figure 11 illustrates
the use of an auxiliary condenser to hold pressure in the
high-pressure column and an auxiliary reboiler in the low-
pressure column to control bottoms composition. The
pressure and composition controllers are both split-ranged
so that auxiliary cooling and heating are only used when
necessary. The opening of the valve in the vapor line to the
reboiler/condenser can to reduced through the low selector
by either the pressure controller (if the pressure is too low
in the high-pressure column and after the condenser is
completely flooded) or by the composition controller (if less
heat is needed in the low-pressure column and after the
steam valve to the auxiliary reboiler is completely shut).

Intermediate reboilers and intermediate condensers
(pumparounds) are often used to permit the use of lower-
temperature heat sources or to recover some of the energy
that would otherwise be thrown away to cooling water in
the overhead condenser. This intermediate heat addition
and heat removal increase the total energy consumption (or
increase the number of trays required to achieve a given
separation), but they can reduce net energy costs. The
column design and the control systems used on these
column are much different than for a conventional column.
As sketched in Figure 12, the control system tries to
preferentially use low-level energy instead of high-level
energy. The split-ranging of the bottoms composition
controller may have to be done so that there is some
overlap, i.e. the low-pressure steam valve is not completely
open before the high-pressure steam valve opens. This may
be necessary because the minimum cost operation may not
correspond to the maximum use of low-pressure steam since
some high-pressure steam is always needed because of

vapor-liquid equilibrium limitations (the bubblepoint
temperature of the bottoms product is higher than the
saturation temperature of the low-pressure steam).

F. OPERATING LIMITATIONS: The column can be
limited by a number of items. Let us take the simple
example of flooding. The location of the flooding in the
column and cause of the flooding can call for different
actions. In many columns flooding can be reduced by
increasing pressure. This increases vapor densities and
reduces vapor velocities. However, in other columns
flooding can be reduced by decreasing pressure. This
occurs (a) if the flooding is caused by insufficient
downcomer vapor-liquid disengaging capacity (which occurs
in high-pressure columns where vapor and liquid densities
are closer together), or (b) if the increase in pressure affects
the relative volatility so much that the reflux ratio must to
increased significantly, resulting in a net increase in the
load on the column when pressure is increased.

If the column begins to flood in the rectifying section, the
feed temperatures should be decreased to reduce vapor load
in the top of the column. If the column floods in the
stripping section, feed temperature should be maximized.

Other limitations include condenser heat removal (the usual
one encountered in summer operation) and reboiler heat

input (often encountered when the material has a tendency
to foul the reboiler). Effective control systems must be able
to handle all of these situations.

G. FEED MAKEUP SYSTEMS: A final example of a
source of diversity is the variations in distillation column
design and control caused by differences in where the feed
to a plant is introduced and in its phase (vapor or liquid).
The idea is best illustrated with an example. Suppose we
have a plant which consists of a liquid-phase reactor and a
column as shown in Figure 13. In the reactor components 1
and 2 react to form component 3, which is the product.
There is an excess of component 1 to avoid undesirable side
reactions, so we assume component 2 is completely
consumed. The reactor effluent contains only components 1
and 3. These are separated in the column, with component
1 going overhead since we assume it is lighter than
component 3. Distillate is recycled back to the reactor.

Reactant component 2 is flow controlled into the reactor.
Clearly reactant component 1 also must be fed into the
system somewhere to satisfy the stoichiometry of the
reaction. How this makeup feed is introduced will affect
both the design and the control of the column.

Let us assume that the basic control system is to flow
control fresh component 2 into the system and to ratio the

total flow (fresh plus recycle) of component 1 to the flow of
component 2. Distillate composition is held by reflux.
Bottoms composition is held by reboiler steam. Column
pressure is held by condenser cooling water flow.

In this reactor/column system the inventory of component
1 is mostly in the reflux drum of the column. The level in
this tank can be used to set the makeup of fresh component
1 into the system. If the makeup is a liquid, it might be
added directly into the reflux drum on level control. This
would lead to a simple and direct control structure as
shown in Figure 13a.

However, suppose the source of fresh component 1 is not
pure but contains some heavy impurity that we must keep
out of the reactor due to catalyst contamination problems.
Now it would make sense to add the liquid makeup stream
into the column instead of directly into the reflux drum. As
sketched in Figure 13b, this leads to an unusual control
system since the liquid makeup stream has no direct effect
on the level in the reflux drum. Distillate composition is
now held by makeup feed, and reflux flow controls reflux
drum level.

Note that if the makeup feed where introduced into the
column as a vapor, the original control system could be
used. The level in the reflux drum would be affected by the
vapor makeup feed, assuming of course that the pressure
controller is in automatic.

THE OVERRIDING IMPORTANCE OF
PROCESS UNDERSTANDING

The result of all this diversity is that almost each column
requires its own control system. This means that
engineering time is significant. We do not have the
situation that is common in the aerospace field where 20
engineer-years can be devoted to each control system, and
then it is duplicated in hundreds of the same types of
devices.

Therefore, the use of the simplest system that will do the
job is highly desirable. And the understanding of how the
particular column operates in its individual plant
environment, its limitations and its constraints is vital to
developing an effective control strategy. Hence, process
understanding is much more important than understanding
some elegant control theory. This is one of the reasons why
most columns are controlled by simple SISO controllers
with a sprinkling of override controllers added where
necessary. Nonlinearity and constraints are more important
than interaction and optimal performance.



