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ABSTRACT 
In this paper, the 

author is expressing in written form the thoughts that he expressed orally last November at the 
CAST division’s dinner at the annual AIChE meeting in Reno, Nevada.  The dinner presentation 
was prompted by his selection as the recipient of the CAST Division’s Computing Awards.  This 
paper examines the issue of revolutions and in particular scientific revolutions.  Motivated by the 
work of Thomas Kuhn, the paper starts by discussing the four main paradigms that have 
characterized the development of Chemical Engineering.  It then raises the question about what 
are the most important paradigms that characterize the Process Systems Engineering (PSE) 
community.  A partial list of the possible PSE paradigms is presented and a question is raised 
whether they are as easily identifiable and widely accepted as the Chemical Engineering 
paradigms.  The article ends with a suggestion that we should be aware of the global issues and 
concepts that affect our systems community, one of which is the transition that Chemical 
Engineering is experiencing now.  This more global prospective will enable us to be more 
innovative and groundbreaking in our research activities and benefit from the new opportunities, 
rather than be bypassed by them.  For those overly concerned with citations, a suggestion is 
offered in the postscript about which of the author’s contributions are the most important.   

 

1. INTRODUCTION 
It is with sincere humility and honor that I have accepted this award last November.  I was 

then and I am now very thankful to those that nominated me and wrote letters of support.  I was 
especially awed and humbled by this award, as I know very well that for each one that receives 
this award there are at least ten more colleagues that deserve it.  During such talks, it is 
customary for the recipient to present some of his/her research accomplishments and/or interests.  
Following this tradition, but in an untraditional manner, I spoke last November of revolutions; 
revolutions of all sorts, but mostly scientific.  This was not done in the spirit of what I have 
accomplished but rather in the spirit of my rather more general interests.  I will try to reproduce 
here the oral message as best as I can. 

2. REVOLUTIONS: SOME DEFINITIONS AND CHOICES 
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When I was notified about the award and was asked to provide a title for my banquet 
presentation, I was taken by total surprise. I had just 
returned from a trip to Italy, Korea, and Japan.  
Having revolved around the globe in two weeks, the 
title “Revolutions …” came to mind without much 
thought of what a dinner presentation on such a 
subject would contain.  Only one thing was clear in my 
mind that I wanted to make an evening presentation 
without any mathematical equations. 

Having committed to this title, which was the 
easy part, I now had the task of finding a presentation 
to fit under this banner.  Several options came to mind:  

• Orbital Motion about a Point: This could have 
been a presentation about our days in the office 
when we find ourselves encircled by many 
problems and concerns; mostly administrative 
rather than technical in nature.  I could have 
talked also about our frustration when we fail to 
have them solved.    

• Planetary Revolutions: This could have been a 
discussion about why the planets move the way 
they do.  Alternatively, an analysis of the structure 
of the Copernican revolution1 might have yielded 
our community new insights into aspects of our 
scientific mission that we do not often consider.  

• Rotation about an Axis: This could have been a 
analysis of the mechanisms in a slot machine, 
possible to … model, control, and optimize its 
operation (Figure 1).  This would have required 
an exposition of the different types of modeling 
approaches that we have available.  In this case a 
deterministic model would have been very difficult 
to develop while a statistical model could have 
been easier but would have resulted in less 
certain predictions.  Both models might not have 
been accurate enough for a real-time application, 
in the slot machines at the Reno Hotel lobby.  
Talking about revolutions, one could have talked 
about dancing revolutions (Figure 2).  After all, my 
daughter who is a bioengineer and medical 
school student is also an amateur dancer and a 
good one.  Unfortunately, she was not at the 
dinner and the room was very small for an 
experimental verification of the audience’s 
dancing abilities.  

• Sudden Change in a Situation: This type of 
definition prompts us to possible discuss the 
revolution in Computer and Information 
Technology that has affected our lives in the last twenty years and will continue to do so in 
many decades to come.  We could talk also about revolutions as an attempt to overthrow an 

                                            
1 Thomas Kuhn, “Copernican Revolution: Planetary Astronomy in the Development of Western Thought” Cambridge, Harvard 

University Press, 1957 

Figure 4: George Washington Crossing the Delaware 

Figure 3: Bishop (Παλαιών Πατρών Γερµανός) Blessing 
Soldiers; March 25, 1821 

Figure 2: Nonrandom Rotations 

Figure 1: Some Random Revolutions 
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existing government.  However, talking about the Greek revolution, Figure 3, one might have 
not pleased some very good friends like Ali Cinar of IIT and Ahmet Palazoglou of UC-Davis, 
let alone Yaman Arkun, formerly of Georgia Tech and now a Dean of an engineering school 
in Istanbul. 

• American Revolution: I might have talked about the American Revolution as it has been the 
one that shaped American society and brought many of us into its fold by providing such a 
unique environment to scientifically grow and contribute. If one were to look around the room 
at the awards dinner last November one would have quickly realized that a substantial 
fraction of the audience was foreign-born. Talking about the American Revolution, one might 
have been tempted to speak about George Washington crossing the Delaware, Figure 4. 
Nevertheless, this might have made the British-born of our colleagues, like my good friend 
Mike Doherty, a bit uncomfortable.  

  

• Some other revolutions: In case the above set of 
revolutions were not enough of a choice of topics to select 
from for an after dinner speech, a colleague suggested that 
I make a revolution around the room and say a few things 
about each of the members of the audience.  With such an 
objective I would have been forced to say a few things 
about George Stephanopoulos whom, Figure 5, I have 
known for a few more months than I have known my wife.  
At the same time, I could have talked about Chris Floudas 
who was one of my undergraduate students when I was 
teaching at the University of Thessaloniki, in Greece, 
depicted here at a graduation ceremony in the early 
eighties.  

3. REVOLUTIONS: THE FINAL CHOICE  
As the above choices did not appear to be providing me with the perfect theme for a 

CAST banquet’s speech, and noting that it had to be both entertaining and serious, I realized that 
I had a multi-objective optimization in front of me.  I looked at my collection of books and I took 
several of them to our yearly retreat in Greece.  As my wife and I were visiting some friends in 
Mykonos and were enjoying with them the unique landscape and the simple but unparalleled 
Greek cooking, Figure 6, the idea came to mind that it might be of substantial interest to initiate 

an overview of our Process Systems Engineering community.  What it has and it has not 

Figure 5: George Stephanopoulos, 1969 
(far Left), Chris Floudas 1981 (right) 

Figure 6: Panoramic View of a beach in (left), and of the Town in the Island of Mykonos.  
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achieved.  Most importantly, looking forward, what it might try to achieve into the future.  The idea 
was to initiate the discussion rather than to provide some conclusions. 

While gazing at a unique sunset (Figure 7) that symbolizes the end of a day, it appeared 
to me that it might be worth raising some questions about our community and asking the 
members of the audience to start thinking about answering these questions either individually or 
in small or large groups.  I felt that my contribution would be worthwhile enough if I could motivate 
a reasonable number of our membership to put the details of their important teaching and 
research work aside and ponder a few more general questions that are not part of the curriculum, 
graduate or undergraduate, and are not part of the majority of conferences that we attend.  The 
aim is not to offer my personal answers to these questions but to initiate a discussion.    

 Who are we in the Process Systems 
Engineering community? 

 What have been our major concepts, 
breakthroughs, and contributions? 

 How are our contributions interrelated 
conceptually and how they follow each 
other in time?  

 What should we try to be in the future?  

 What are the possible major new 
breakthroughs? 

 Do we have the possibility of growing in 
importance and numbers within the 
Chemical Engineering Community?   

 Do we run the danger of shrinking and of 
becoming lesser importance in the face of the present transformation of Chemical 
Engineering? 

To be able to pose these questions properly and to facilitate most effectively the initiation 
of the discussion in our community, I had to resort to a set of books that I had treasured for many 
year and which addressed the Philosophy of the History of Science.  Central among these books 
in my mind was the seminal treatise of Thomas Kuhn2.  Therefore, the idea formed in my mind 
that I might have something valuable and different, however small, to offer if I were to initiate the 
much needed self-examination of our community using Kuhn’s methodology.    

4. PARADIGM SHIFT  
Kuhn’s revolutionary approach in the analysis of the evolution of a scientific field is based 

in his idea of “Paradigm Shift”.  He defines Paradigm (from the Greek word παράδειγµα) as the 
scientific contribution that: 

 is sufficiently unprecedented 

 attracts an enduring group of adherents away from competing ideas, and  

 is sufficiently open-ended. 

When a new paradigm is posed it needs to solve an important problem previously 
unresolved in order to succeed in obtaining a following.  Nevertheless, Kuhn argues, this still 
leaves all sorts of problems to be redefined and resolved by the practitioners of such an 
innovative paradigm.  New theories or paradigms seldom have an incremental character; they do 
not just add a small additional piece to what it is already known.  Rather they provide a 
completely new view of the scientific or engineering field they address.  New paradigms have to 

                                            
2 Thomas Kuhn, “The Structure of Scientific Revolutions” University of Chicago Press, Chicago, IL, 1962 

Figure 7: Sunset in Kastro, Western Peloponnesus 
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compete and displace old ones and this competition might take place over an extended period.  
This is exactly what happened in the struggle between those that supported the caloric theory of 
heat and those that believed in the new paradigm of the kinetic theory.  An application of Kuhn’s 
analysis on the historic fight on the theory of heat, as well as two other interesting case studies, is 
described in the highly recommended book by Goldstein and Goldstein3.  

If one looks at the details of our graduate and undergraduate educational programs, we 
will quickly observe that they exclusively consist of the study of the accepted paradigms in the 
field.  Such a study then prepares the student for membership in the respective scientific or 
engineering community within which the majority of them will make their initial research 
contributions.   

Kuhn also introduced the term “Normal Science” to denote the set of interrelated and fully 
accepted paradigms that a given field of study is based upon.  The “accepted truths” are widely 
acknowledged and are never questioned by the practitioner of this field. The participating 
members of such normal science do not have a particularly difficult time to get their research 
work published as there are several very qualified reviewers that adhere to the same paradigms 
and are favorably disposed to the ways of scientific inquire described by the accepted set of 
paradigms.  

One can mention that there are several familiar examples of “Normal Science” in our 
community: multiplicity of steady states in reactors, tuning of PI or PID controllers, and, most 
notably, model predictive control, among many others. Chemical Reaction Engineering is another 
‘larger” example of “Normal” Science in the broader Chemical Engineering community. To 
understand more fully how the existing paradigms hold their power as the accepted way of 
thinking and how new paradigms need to move forward to establish themselves as the accepted 
truth, we need to go back to a more fundamental question of how does science begin.  

5. HOW DOES SCIENCE BEGIN? 
Contrary to common expectation, science does not start with the collection of facts or 

data.  For example, if we want to develop a theory of plant-wide control we should not rush to do 
200 or 2000 Closed-Loop Plant-Wide Simulations.  The Babylonians in 5000 BC did not start 
astronomy by collecting data on the movement of the sun, the moon, and the stars.  First, they 
had an idea, possibly that such a movement of the stars might have an effect on their lives, and 
the weather.  Consequently, a problem is first perceived and formulated and then does one start 
collecting facts.   

Once the data are collected, a theory does not develop by a systematic, almost 
mechanically logical analysis of them.  To discuss this further, let us first argue about the facts or 
the data that we have just collected.  How hard are they?  

It is natural to believe 
what we see.  However seeing 
is a learned act.  Sometimes 
one fails to see something that 
IS there.  Sometimes one sees 
something that is NOT there.  
Examples of optical illusions 
abound.  For example, which of 
the two lines in Figure 8 is 
longer?  It is most likely that the 
majority of the readers will say 
that the top line is longer, but 
this not correct.  One can 
quickly be convinced that the two lines are equal by simply measuring them with the use of a ruler.  

                                            
3 Goldstein, M. and I. F. Goldstein; “How we know: an explanation of the scientific thought” Da Capo Press, New York 1980  

Figure 8: Two Equal or Unequal Lines? 
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The type of arrow that the top line is connected with makes it look longer, but it is not.  
Consequently, a scientist should be quite worried about the facts that he or she is collecting.  One 
should worry about how hard they are and about how the description and the recording of the 
collected data might be unintentionally affected by the expatiations of the investigator and the 
preconceived postulate that the facts are aiming to support.  

The additional untrue perception that many scientists hold has to do with the relation of 
facts and theory.  It is widely believed that a theory should explain all the facts.  This is, simply put, 
not true, and we can easily prove it.  First, there are too many facts around and a theory needs to 
explain only the relevant facts.  Many will accept this as quite true.  If a physicist is working on a 
new theory of subatomic particles, does his theory have to explain the fact that London had a mild 
winter last year? Obviously, the fact about the London weather is not a relevant fact to the 
physicist’s theory of subatomic particles.  But who is the judge of relevancy?  

6. CHEMICAL ENGINEERING PARADIGMS 
It will be very helpful to look back for a moment and consider which the main paradigms 

of Process Systems Engineering (PSE) area.  PSE includes the areas of Process Modeling, 
Process Synthesis and Design, Process Dynamics and Control, Process Optimization and 
Scheduling. To that one might also add Process Monitoring and Fault Detection and Diagnosis. It 
is quite likely that I might have omitted some other area; nevertheless the above list is quite 
comprehensive. One can notice how many times the word “Process” is repeated and how difficult 
it is, at least for me, to rewrite the above topics without using the word “Process”.   

But before we examine PSE we might want to discuss the paradigms that have shaped 
the evolution of Chemical Engineering.  Our community is part of the Chemical Engineering 
(ChemE) Community. Once the ChemE paradigms are identified and discussed, one hopes that it 
will be much easier to identify the PSE paradigms.  The type and character of the ChemE 
paradigms might also help out in the identification of the proper PSE paradigms. 

In my mind the ChemE paradigms are four. The three first are well developed and 
practiced in the past, while the fourth one is presently under development and thus not fully 
defined.  The first three ChemE paradigms are the 1) Process Centric, 2) Unit Operations, and 3) 
Transport and Kinetic Rates.  The Process Centric paradigm was the dominant one in the last 
part of the nineteenth and the beginning of the twentieth century and focused on the specific 
processes used to produce some important chemical products. For example, books were written 
and subjects were taught on the technologies used to produce certain chemicals like Ammonia, 
Sulfuric or Nitric Acid.  The basic premise of the first ChemE paradigm is that each process for 
making a needed chemical was so distinct from the one making another product that each had to 
be studied and learned separately.  The knowledge so attained was labeled by the term 
Technology, a Greek word, having its root in Τέχνη (Art) and Λόγος (Speech), implying that 
Technology is the “Speech of the Art”. Some categorization existed as one could distinguish, for 
example, between Organic and Inorganic Technology.  As the number of chemical products and 
their associated processes were not very numerous the approach worked quite well.  The 
associated knowledge about each process was mostly qualitative and descriptive, but the amount 
of memorization needed was achievable.   

The second ChemE Paradigm was developed in the middle of the twentieth century at 
MIT by Warren K. Lewis and his colleagues aimed as a more detailed categorization and 
description of industrial processes by focusing interest on the Unit Operations (UO) that comprise 
each process rather than the process itself.  The argument went that if you studied these Unit 
Operations (Distillation, Extraction, Drying, Chemical Reactors, etc.) then you could understand 
the behavior of every process.  The Unit Operations were much fewer than the processes that 
produced an ever increasing number of chemical products.  Therefore, there was an economy of 
effort to be achieved by focusing on the unit operations, provided one knew how to assemble 
them together and synthesize a process that met the desired requirements.  The area of Process 
Design was thus initiated. 
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The third Chemical Engineering paradigm, which we will denote by the Rate Processes 
(RP) paradigm, is a bit different from the second one in that more than one Chemical Engineering 
Department can claim ownership to it.  It continues the trend, established by the second paradigm, 
by focusing on a more detailed description of the phenomena and the processing units of interest.  
Here the main thesis of the third paradigm is that in order to understand the overall behavior of 
each unit operation one needs to study only the rate phenomena that take place inside each one 
of them.  The publication of the Transport Phenomena book by the Wisconsin school marks a 
clear definition of this paradigm.  The main premise here is that once the Momentum, Heat and 
Mass transport rates are quantified then the behavior of each of unit operations could be 
understood, explained, and modified. However, this contribution needs to be complimented by the 
birth of the field of Chemical Reaction Engineering, which more than one department or individual 
can lay claim to its foundation.  Chemical Reaction Engineering did for Reactors what Transport 
Phenomena did for the physical unit operations.  Namely that the knowledge of the reaction rates 
and their interaction with the related transport rates can explain the behavior of chemical reactors 
through the simple but powerful tools of material and energy balances.      

Associated with the third paradigm is what one might call the Minnesota or the 
Amundson/Aris paradigm that is closely related to the third paradigm but has its own special 
place, though not separate and distinct from the third paradigm.  This paradigm, or more strictly 
sub-paradigm, I might ask permission to label with the term: “Complexity is Simple”.  Primarily 
linked to the original 1958 series of papers of Aris and Amundson on the Multiplicity, Stability and 
Control of Steady Sates in chemical reactors, it is aiming to demonstrate that complex behaviors 
of processing units can be explained by simple mathematical models representing all we know of 
the constituent phenomena through energy and material balances and a systematic analysis of 
the behaviors encapsulated in the model.    

The fourth paradigm is the one that is currently under development and it is not easy to 
characterize it.  It appears to continue the evolution from the earlier paradigms as it aims to look 
at the phenomena of interest with an even more detailed view, focusing on the nanoscale and 
molecular level.  Furthermore, the additional and very substantial new factor is Biology.  Until the 
last decade Chemical Engineering was primarily based on the three pillars of Chemistry, Physics, 
and Mathematics.  Even though there were research interests in the Biochemical and Biomedical 
areas, the undergraduate programs remained without any formal requirement of a Biology Course.  
As Biology is becoming more quantitative, Chemical Engineering is already interacting with this 
very important science in a substantial way.  The strong influence that molecular and biological 
phenomena are having is demonstrated by the fact that many Chemical Engineering 
Departments have changed or are discussing and plan to change their name into Chemical and 
Biomolecular Engineering.   

While the main character of the fourth ChE paradigm is not fully developed, one basic 
question is in the minds of many members of the PSE community.  As ChE is focusing on the 
nanoscale and molecular level and it tries to be involved in the important developments in Biology, 
what are the engineering problems that to need to be solved using our increased understanding 
of the biomolecular level?  Is it not the ultimate purpose of Engineering to synthesize a new 
artifact such as a process, a unit operation, or a device, irrespective of the fact that its size might 
be as small as a microchip rather than being as large as a refinery or a petrochemical complex?  
Is it possible to practice engineering at the biomolecular level without being very knowledgeable 
about at least one of the previous ChE paradigms so as to relate the knowledge of the 
biomolecular level to something that will have an economic impact to society?   

7. PROCESS SYSTEMS ENGINEERING PARADIGMS 
As it will become quite obvious in the following, I do not think that the three or four most 

important paradigms of the PSE community are as easily agreed upon and visible as the ones 
about Chemical Engineering described above.  

On first view we can identify the main paradigms with the subsections of our community: 
Process Synthesis and Design, Process Dynamics and Control, and Process Operations.  This 
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might be a categorization in columns.  On the other hand we could have a categorization in rows 
by distinguishing batch from continuous processes.  Consequently are we to distinguish the 
control of Continuous from Batch Processes as being a completely different concept or paradigm?  

If we focus in the area of Process Control we can speak of different process control 
paradigms 

• Time vs. Frequency Domain  
• Linear vs. Nonlinear 
• SISO vs. MIMO vs. Plant-wide (Local to Global) 

Some of the Process Design and Process Simulation Paradigms are: 

• Sequential/Modular vs. Equation-Based Algorithms 
• Conceptual vs. Hierarchical vs. Superstructures 
• Process Integration, Intensification 

The optimization paradigms that we can cite are most frequently described by a set of 
acronyms: MILP, MINLP, QP, SQP, LP, etc. 

Most of the above paradigms (certainly in Process Control and Optimization) are mostly 
described in mathematical terms and could be applicable to many other systems beside process 
systems.  Should one then raise the question whether the above paradigms are process related 
paradigms?   

7.1. Process Related Paradigms 
If we wanted to focus attention to the process related paradigms we can go back to 

Buckley’s 1964 book were he defined the different choices of level control structures.  For 
example we have a choice to design the level control structure along or against the flow of 

material (Figures 9 and 10).  

Besides the above two choices we 
can also use the scheme that divides the 
process in two sections.  In the front part the 
lever controllers are against the flow and the 
opposite is true for the lever controllers in the 
second half of the process (Figure 11).  Note 
that in all three cases one flow valve is left unused for controlling the production rate.  While the 
design of a level control loop is an easy local task, the choice among the above three has 
significant implications on the plant-wide control task because it affects the control variables that 
are left available for the remaining tasks of controlling the temperatures, compositions and 
important product quality and process safety variables.  

The conceptual and physical description of the control task has been quickly substituted 
with a more quantitative and mathematical description.  A mathematical model is developed using 
our physicochemical understating of the process.  Once the model is developed, it is used to do 
the analysis of the process, by different mathematical tools, such as linearization, Laplace 
transforms, Linear and Lie Algebras and others.  Very often the results are not explained fully in 
physical terms but rather as the results obtained from the mathematical model.  The very critical 
question that I would like to raise is whether this is sufficient.  Are our systems so complex that of 

L L

Figure 9: Level Control along the Flow 

L L

Figure 10: Level Control against the Flow 

LL

Figure 11: Outwardly Level Control Scheme 
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their behavior calculated through the use of their mathematical models is impossible to explain 
physically?  If Thermodynamics, Rate Processes, and Chemical Reaction Engineering enable us 
to write these models, are they not able to help us explain the dynamic behavior, the optimization 
results, or the control characteristics of a process obtained by the analysis of its model?   

8. PHYSICAL THEORY OF PROCESS SYSTEMS ENGINEERING?  
In an initial contribution Georgakis4 analyzed a series of simple dynamic systems and 

employed the use of extensive thermodynamic variables for providing a physical interpretation of 
the slow and fast dynamic modes of each process.  It was concluded that the slow modes were 
related with the total energy or mass content of a process and the fast modes were associated 
with the energy or material balance of the smallest unit in the set.  Furthermore it was shown that 
controlling the reaction rate in a CSTR with a single reaction was sufficient to globally stabilize the 
reactor under all circumstances of the kinetic model.  Even though some additional publications 
have appeared 5 , progress in this area has been slow due to the substantial difficulty of 
developing a physical theory for Process Dynamics and Control and all other areas of Process 
Systems Engineering.  A very important recent publication by Eric Ydstie6 attracted my attention 
last year.  However my desire to study it in detail pushed me to read its references on passivity 
theory rather than to reach for my copy of Astarita’s book7 on Irreversible Thermodynamics.  Is it 
not possible to develop a physical theory of Process Control or of Process Systems Engineering?  

8.1. Reactor Control 
Let us for a moment consider how we are able to do reactor control.  Let us assume that 

we have just completed a Ph.D. thesis in reactor control, mostly though simulation and analytical 
methods, and we are confronted with the challenge to design a controller for an industrial reactor.  
The important question is how we can perform this task without having to write another PhD 
thesis.  One approach might be to develop a dynamic model, and to first analyze the dynamic 
properties of the model, either by using linear algebra tools of the linearized version of the model 
or by extensive simulations of the nonlinear model.  Then we have to design the controller, using 
either systematic linear design methods or by using some intuitive and some systematic mix of 
the less extensively developed methodologies for the design of nonlinear controllers.  However, 
unless we do the detailed calculation we will not be able to say if the control problem of the 
industrial reactor is similar to the one examined in the Ph.D. thesis.  If such a similarity can be 
established early, a quicker design might be possible by exploiting such similarities with the 
previously examined problem.  Furthermore, whatever the results of the analysis of the detailed 
model are, they are not easily explainable in physical terms.   

A physically explainable theory of Reactor Control could possibly provide some guidance 
about whether we should prefer to control temperature rather than concentration, or vice versa. 
Independently of which of these variables is measured on-line, one of them could be estimated 
from the other by the use of the model.  For the case of a single reaction in a CSTR, Georgakis 
(1986)8 proved that controlling the reaction rate makes the closed-loop linear for all forms of the 
reaction rate.  There is then no need to analyze the model for each problem belonging to this 
class.  The only thing that is necessary in this case is the development of a composition(s) 
estimation algorithm by use of the more readily available temperature measurement.  The 
concept of reaction rate control was used effectively to control an open loop unstable 
polyethylene reactor9,10. 
                                            

4 Georgakis, C.: “On the Use of Extensive Variables in Process Dynamics and Control” Chem. Engng. Sci. 41, (6), p. 1471, 1986 
5 Skogestad, S.: “Consistency of Steady-State Models Using Insight about Extensive Variables'', Ind. Eng. Chem. Res., 30, 4, 

654-661 (1991)  
6 Alonso, A. A. and  Ydstie, B. E.: “Stabilization of Distributed Systems Using Irreversible Thermodynamics”, Automatica 37, p. 

1739, 2001 
7 Gianni Astarita:   “Thermodynamics – An advances Textbook for Chemical Engineers” Plenum Press, New York, 1989. 
8 Georgakis (1986) loc. cit.  
9 Marini, L. and C. Georgakis:  “Low-Density Polyethylene Vessel Reactors.  Part I: Steady State and Dynamic Modeling,” AIChE 

Journal, 30, No. 3, pp. 401-408, 1984. 
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For multiple reactions taking place in a CSTR no general function, similar to the reaction 
rate above, has been postulated.  The desire is to discover such a function of the intensive 
variables of the process so that, if we control it at its steady state value, we can ensure the 
stabilization of the reactor for all possible reaction rate cases. This problem is not yet addressed 
let alone solved.  

8.2. Distillation Control without Writing …  
A similar question can be raised about distillation control. Do we have to develop a 

dynamic model, liberalize it, design a linear multivariable or several structures with multi-loop 
SISO controllers and do extensive closed-loop simulations to decide which controller is 
performing best? Even though, this approach uses mathematical models and performs a lot of 
closed-loop simulations, does it not appear to be a trial-and-error approach? Do we know what 
type of controller will work best in a distillation with many trays and little reflux or with large reflux 
and fewer trays? Is a control structure for a case with a high relative volatility mixture drastically 
different from the control structure for the case of a low relative volatility mixture? It appears that 
even those among us that have spent several decades on the problem do not appear to be able 
to offer a more systematic methodology than to first model then try some SISO controller designs 
and judge which is better by a series of closed-loop simulations? Do we not deserve a more 
physical motivated systematic approach so that when we need to solve the next problem we can 
determine with a degree of certainty that the new problem is very similar to one we solved before 
and quickly answer it.  Alternatively, if it is quite different, we might have to do another Ph.D. like 
study to resolve it.  

In conclusion the author would like to say that a physical theory of process control or one 
applicable to the overall area of PSE will be greatly valuable. Since we have not yet arrived at 
such a theory, we might wish to ponder whether it is possible to develop such a theory, or 
whether our systems are so complex that we are and will continue to be unable to achieve such a 
mission.  

9. A SINCERE APOLOGY  
It is usually customary in such a CAST dinner talk to speak about one’s own research 

activities.  I could have done something similar and with … equations. For example, I could have 
talked about Tendency Modeling & Optimization for Batch Processes11, 12, 13, 14, 15, 16, 17, Control of 
Emulsion Polymerization Processes 18, 19, 20, Nonlinear Control 21, 22, 23, 24, or Process Operability 25, 

                                                                                                                                  
10Marini, L. and C. Georgakis:  “Low-Density Polyethylene Reactors.  Part II: A Novel Controller,” AIChE Journal, 30, No. 3, pp. 

409-415, 1984.  
11  Filippi, C., J. L. Graffe, J. Bordet, J. Villermaux, J. L. Barnay, and P. Bonte andC. Georgakis; “Tendency Modeling of 

Semibatch Reactors for Optimization and Control,” Chemical Engineering Science, 41, No. 4, pp. 913-920, 1986; also 
presented at the 9th International Symposium in Chemical Reaction Engineering, Philadelphia, PA, May 18-21, 1986 (with  

12  Filippi-Bossy, C., J. Bordet, J. Villermaux, S. Marchal-Brassely and C. Georgakis; “Batch Reactor Optimization by Use of 
Tendency Models,” Computers & Chemical Engineering, 13, No. 1/2, pp. 35-47, 1989; 

13 Rastogi, A., J. Fotopoulos, H. G. Stenger, Jr., and C. Georgakis; “The Identification of Kinetic Expressions and the 
Evolutionary Optimization of Specialty Chemical Batch Reactors Using Tendency Models,” Chemical Engineering Science, 47, 
No. 9-11, pp. 2487-2492, 1992;  

14 Fotopoulos, J., H. G. Stenger, Jr., and C. Georgakis; “Uncertainty Issues in the Modeling and Optimization of Batch Reactors 
with Tendency Models,” Chemical Engineering Science, 49, Vol. 24B, pp. 5533-5547, 1995; 

15 Fotopoulos, J., H. G. Stenger, Jr., and C. Georgakis; “Effect of Process-Model Mismatch on the Optimization of the Catalytic 
Epoxidation of Oleic Acid Using Tendency Models” Chemical Engineering Science, 51, No 10, pp. 1899-1908, 1996; 

16 Fotopoulos, J., H. G. Stenger, Jr., and C. Georgakis; “Effect of Model Uncertainty on the Tendency Modeling, Optimization 
and Control of Batch Reactors,”  Proceedings of DYCORD+ ‘95, Copenhagen, Denmark ( 

17 Fotopoulos, J., H. G. Stenger, Jr., and C. Georgakis; “Use of Tendency Models and Their Uncertainty in the Design of State 
Estimators for Batch Reactors,” Chemical Engineering and Processing, 37, pp. 545-558, 1998  

18 Dimitratos, J. G. Eliçabe, and C. Georgakis; “Control of Emulsion Polymerization Reactors,” AIChE Journal, 40, Vol. 12, pp. 
1993-2021, 1994 (with). 
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26, 27, 28, 29.  Instead I talked mostly about things that I have not done or things that I have thought about. 
Please accept my apologies from deviating from past tradition. 

We in the PSE community face a challenge: ChE is in a substantial flux and this is an 
opportunity and a danger. We need to be alert about Chemical Engineering’s change from its 
third to its fourth major paradigm. As we ponder these changed that might affect us profoundly, let 
me question every one of us whether we need a balance between: 

• Physics, Chemistry, and Biology one the side and Mathematics and Systems 
Theory on the other side 

• Analysis & Synthesis?  
• Local & global problems? 

As we ponder such question and since my time in November and my allotted space here 
was and is up, let me finish almost where I started, with a poem on revolutions by Lord Byron30.  

The dead have been awakened—shall I sleep? 
The World’s at war with tyrants—shall I crouch? 
The harvest’s ripe—and shall I pause to reap? 
I slumber not; the thorn is in my couch; 
Each day a trumpet soundeth in mine ear,  
Its echo in my heart. 
 

 

 

Let me also offer the following very liberal translation: 

                                                                                                                                  
19  Liotta, V., C, Georgakis and M. El-Aasser; “Controllability Issues Concerning Particle Size in Emulsion Polymerization,” 

Proceedings of DYCORD+ ‘95, Copenhagen, Denmark (). 
20  Liotta, V., C, Georgakis and M. El-Aasser; “Real-time Estimation and Control of Particle Size in Semi-Batch Emulsion 

Polymerization,” Proceedings of the American Control Conference, Albuquerque, NM, June 4-6, 1997 
21 Docter, W. and C. Georgakis; “Nonlinear Term Selection and Parameter Estimation in the Identification of Nonlinear Reduced 

Order State Space Models,” proceedings from the 5th IFAC Symposium on Dynamics and Control of Process Systems 
(DYCOPS-5)1998 pp. 335-340;  

22  Docter, W. and C. Georgakis; “Nonlinear Reduced Order Models for Separation Processes via Augmentation of Linear 
Subspace Models,” Proceedings, American Control Conference, pp. 2108-2112, Philadelphia, PA, June 24-26, 1998 

23 Valappil, V, and C. Georgakis; “Nonlinear Model Predictive Control of End-use Properties in Batch Reactors,” submitted to the 
AIChE Journal, 2002 (in press). 

24 Oliveira-Lopes, L. C. and C. Georgakis; “On L1 – Reference System Linear Model Predictive Control,” Proceedings of the 
ADCHEM 2000 IFAC symposium, pp. 293-298, Pisa, Italy, June 14-16, 2000 (). 

25 Vinson, V. and C. Georgfakis; “A New Measure of Process Output Controllability,” Journal of Process Control, 10, pp. 185-194, 
2000  

26  Subramanian, S, and C. Georgakis; “Steady-State Operability Characteristics of Reactors,” Computers and Chemical 
Engineering, 24, pp. 1563-1568, 2000 

27 Subramanian, S, and C. Georgakis; “Steady-state Operability Characteristics of Idealized Reactors,” Chemical Engineering 
Science, 56, pp. 5111-5130, 2001 

28 Subramanian, S, D. Uzturk, and C. Georgakis; “An Optimization-Based Approach for the Operability Analysis of Continuously 
Stirred Tank Reactors,” Industrial & Engineering Chemistry Research, 40, pp. 4238-4252, 2001 

29 Uzturk, D. and C. Georgakis; “Inherent Dynamic Operability of Processes:  Definitions and Analysis in the SISO Case,” 
Industrial & Engineering Chemistry Research, 2001 (in press) 

30 Lord Byron (1788–1824), First item of Journal in Cephalonia, 19 June 1823 (published in Byron’s Letters and Journals, vol. 9, 
ed. by Leslie A. Marchand, 1979). 
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Important problems have not been solved –  
Shall I keep working on the popular topic? 

The world is obsessed about citations –  
Shall I keep worrying about this? 

Industrial support is relatively plentiful –  
Shall I depend solely upon it? 

Each rare day that I read about a novel idea –  
Shall I follow or try to lead myself? 
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11. POSTSCRIPT 
Since many members in our community are very interested in the number of citations 

they have, I would like to let every one know which two of my publications I consider my best. 

The first paper, titled Alexander, was published Jan. 23, 1972 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Alexander Georgakis, then and now 
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The second paper was published January 2, 1978 and was titled Natalie Georgakis. 

 

 

Both papers have been coauthored with my most important and most patient and understanding 
coauthor, my wife Tina Hinou-Georgakis. 

Figure 14: Tina Georgakis during the publication of her first 
paper and enjoying the citations of her papers years later. 

Figure 13: Natalie Georgakis, before and recently 


