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Definition of Process Systems Engineering

Å PSE has traditionally been concerned with the understanding and 

development of systematic proceduresfor the design, control and 

operation of chemical process systems (Sargent, 1991).

© Davide Manca ςProcess Systems Engineering ςMaster Degreein ChemEng ςPolitecnico di Milano 2

Systematic: having, showing, or involving a system,  method, or plan
- Dictionary.com
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Å PSE is an academic and technological field related to methodologiesfor 

chemical engineering decisions. Such methodologies should be 

responsible for indicating how to plan, how to design, how to operate, 

how to control any kind of unit operation, chemical and other production 

process or chemical industry itself (Takamatsu, 1983).
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Definition of Process Systems Engineering

Å PSE is concerned with the understanding and development of systematic 

proceduresfor the design and operation of chemical process systems, 

ranging from microsystems to industrial-scale continuous and batch 

processes (Grossmann & Westerberg, 2000).
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Definition of Process Systems Engineering

Å PSE is the field that encompasses the activities involved in the engineering 

of systemsinvolving physical, chemical, and/or biological processing 

operations (Stephanopoulos & Reklaitis, 2011).
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Definition of Process Systems Engineering

Å PSE is a largely mature and well-established discipline of chemical engineering.

Å The systems approachhas been successfully adapted and refined to address the 

needs of designing, controlling and operating chemical process systems in a 

holisticmanner. 

Å PSE has been evolving into a specialized field at the interface between chemical 

engineering, applied mathematics and computer science with specific model-

based methods and tools as its core competencies to deal with:

ï the inherent complexityof chemical processes 

ï the multi-objective natureof decision-making during the lifecycle

of the manufacturing process of chemical products. 

Å PSE has been successfully implemented as a discipline in its

own right in research, industrial practice as well as in

chemical engineering education (Klatt& Marquardt, 2009).
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Holistic: relating to or concerned with wholes or with complete systems 
rather than with the analysis of, treatment of, or dissection into parts

- Merriam Webster Encyclopedia
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Definition of Process Systems Engineering

Å Process Systems Engineering is the field that encompasses the activities involved in 

the engineering of systemswith physical, chemical, and/or biological processing 

operations.

Å PSE classification according to AIChE:

ï Process Modeling, Simulation and Optimization

ï Process Design/Synthesis and Product Design

ï Process Identification, State estimation and Control

ï Process Operations: Optimization, Monitoring, and Fault Diagnosis
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering

Å Research falling under Systems Engineering has a unifying role within the 

discipline of Chemical Engineering. It deals with the performance of 

various engineering decisions/tasks through the use of mathematical tools 

and algorithms. For this purpose, it relies on mathematical modelsthat 

capture the perceived underlying science, and adopts an optimization 

approach to perform the relevant tasks. In keeping with contemporary 

needs, most research in the PSE program employs multi-scale

representation of the mathematical models.

www3.imperial.ac.uk/cepse
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The chemical supply chain

Grossmann, 2004; Marquardt, Wedel, Bayer, 2000
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Definition of Process Systems Engineering

Å Systems engineering involves the following generic research themes:

ï the development of modeling frameworks and of numerical methodsfor the 
simulationand for local and global optimization

ï the development of robust strategiesand methodologies for the appropriate 
engineering tasks

ï adoption and adaptation of computational methodsto facilitate the above 
themes.

Å A comprehensive set of the engineering tasks are:

ï product design (petrochemicals, pharmaceuticals, novel materials, commodity 
and specialty chemicals, etc.)

ï process synthesis

ï process control

ï planning & scheduling

Å A mathematical modelconstitutes the center of the research focus.
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Å Clearly, the underlying science as exemplified by the model constitutes the 

rigorous basis for all systems engineering. However, systems engineering does not 

necessarily wait until a complete understanding of the process emerges from the 

scientific disciplines (to quote Professor John Perkins, άwƻƎŜǊ Sargent [ŜŎǘǳǊŜέΣ 

Centre for Process Systems Engineering, Imperial College London, December 

2005). Instead, it seeks to solve real life engineering problemsby the utilization of 

the available knowledge through the exploitation of mathematical tools in 

combination with appropriate experimentation. This approach ensures a 

simultaneous development of both the scientific knowledge and their applications. 

In view of the necessity of working with limited knowledge as well as due to the 

plethora of constraints imposed by real life (falling under the broad classes of 

limitations in resources, and environmental & safety hazards), robustnessassumes 

an ever increasing importance in systems engineering. In addition, the models 

would themselves serve as useful analysis tools to understand both the 

characteristics of the process and the model structure.
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The concept of Systems engineering

Å Systems engineeringaddresses all practical aspects of a multidisciplinary 

structured development process.

Å Systems engineering proceeds from conceptto realizationto operation.
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Å Whymore(1993) proposes the following definition of SE:

Systems engineeringis the intellectual, academic and professional 
discipline, the principal concern of which is the responsibility to ensure 
that all requirements for a bioware, hardwareor software systemare 
satisfied throughout the life-cycle of the system

Å A technical system is composed of:

ïHardware(i.e. the process plant and its equipment)

ïSoftware (i.e. the operation support system)

ïBioware(i.e.plant operators, FOPs and CROPs, and management)
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The concept of Systems engineering
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Systems engineering methodology

Å Systems engineeringis a methodologyto solve systems design problems 
by means of a systematic design process.

Å Bahilland Gissing (1998) proposed the SIMILARapproach to systems 

engineering. It consists of 7 tasks:

1. State the problem: identify the requirements to be satisfied

2. Investigate alternatives: define multi-criteria decision making process

3. Model the system

4. Integrate the system with its environment

5. Launch the system: implement it, run it and produce output

6. Assess performance: measure the performance of the system

7. Reevaluate: continuously monitor and improve the performance
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Å The two major paradigms in PSE are: analysisand synthesis.

Å Analysisis a direct problem. It assumes that the process flowsheet, the 

equipment, and operating data are assigned. The model is used to predict 

the performance indicatorsof the process by simulation studies.

Å Synthesisis an inverse problem. The process performance indicatorsare 

the specificationsof the problem whose solution, by means of repetitive 

simulations or numerical optimization, allows identifying the space of the 

decision variables.

The paradigms of PSE
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Å Analysisis the process of breaking a complex topic or substance into 

smaller parts to gain a better understanding of it. The word is from the 

ancient Greek ˄ʱ˂ˎˋʽˌόάŀ breaking ǳǇέΣ from ˄άɦǳǇ, ǘƘǊƻǳƎƘƻǳǘέ and 

˂ˎˋʽˌάŀ ƭƻƻǎŜƴƛƴƎέύΦ

Å Synthesisrefers to a combination of two or more entities that together 

form something new. Alternately, it refers to creating something by 

artificial means. The word is from the ancient Greek ˋˏ˄ʻʶˋʽˌ(ˋˏά˄ǿƛǘƘέ 

and ̒ ʷˋʽˌάǇƭŀŎƛƴƎέύΦ

The paradigms of PSE
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The paradigms of PSE
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Å Since World War II, engineering education has moved strongly towards analysis, 

with courses dealing with individual process operations and phenomena. 

Transport Phenomena, Unit Operations, Process Control, Reaction Engineering, 

and other engineering science courses greatly strengthened engineering education 

by showing how things are and how they work. Unfortunately, there was not a 

parallel development of courses dealing with synthesisΧΦ ¢Ƙƛǎ ŘŜŦƛŎƛŜƴŎȅ Ƙŀǎ ōŜŜƴ 

recognized for years, but the remedy awaited the development of sufficiently 

general principles of synthesis about which to organize educational material.

Å The tension between analysis and synthesis is key to the health of any 

engineering discipline, and the existence of the complementary views of chemical 

engineering in analysis (the culture of chemical engineering science) and synthesis 

(the re-emergent culture of process engineering; which from the 60sis referred to 

as Process Systems Engineering) helped ensure the vigorous international 

development of academic chemical engineering in the 1960sand beyond. 

The paradigms of PSE
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Å In addition to the impact that the synthesis culture of PSE had on educational 

curricula, its contributions to the advancement of industrial practice have been 

ƴƻǘƘƛƴƎ ƭŜǎǎ ǘƘŀƴ ǎǇŜŎǘŀŎǳƭŀǊΦ {ǘŀǊǘƛƴƎ ƛƴ ƭŀǘŜ Ψ60s, academic research develops 

systematic Process Synthesisideas, which in turn allow process engineers to begin 

with given chemistries and end up with quite inventive process flowsheets. 

5ƻǳƎƭŀǎΩ ƘƛŜǊŀǊŎƘƛŎŀƭ ŀǇǇǊƻŀŎƘto the conceptual design of process flowsheets 

ƻŦŦŜǊǎ ŀƴ ǳƴǇŀǊŀƭƭŜƭŜŘ ǎȅǎǘŜƳŀǘƛȊŀǘƛƻƴ ŦƻǊ ǘƘŜ άƛƴǾŜƴǘƛƻƴέ ƻŦ ǇǊƻŎŜǎǎƛƴƎ ǎŎƘŜƳŜǎΦ 

{ǳōǎŜǉǳŜƴǘ ŎƻǳǇƭƛƴƎ ƻŦ 5ƻǳƎƭŀǎΩ ŀǇǇǊƻŀŎƘ ǿƛǘƘ ŦƻǊƳŀƭ optimization formulations 

proposed by Grossmannand other researchers provided the missing quantification 

ŀƴŘ ǘƘǳǎ ǘƘŜ ƻōƧŜŎǘƛǾŜ άƻǇǘƛƳŀƭƛǘȅέ ƻŦ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǇǊƻŎŜǎǎƛƴƎ ǎŎƘŜƳŜǎΦ CƛƴŀƭƭȅΣ 

after nearly 100 years the core activity of PSE, i.e.process development, can be 

put into a rational and systematic framework. The impact of this development on 

the industrial practice cannot be overestimated. Now engineers have a systematic 

ǿŀȅ ƻŦ άƛƴǾŜƴǘƛƴƎέ ƴŜǿ ǇǊƻŎŜǎǎƛƴƎ ǎȅǎǘŜƳǎΣ ƴƻǘ ǎƛƳǇƭȅ ŀƴŀƭȅȊƛƴƎ ŜȄƛǎǘƛƴƎ ƻƴŜǎ.

The paradigms of PSE
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Å While the direct model-based solution of the (inverse) process design 
problem, by means of optimization methods, is more rigorous and exact 
from a systems engineering point of view, ǘƻŘŀȅΩǎ ƛƴŘǳǎǘǊƛŀƭ ǇǊŀŎǘƛŎŜ 
mainly features a pragmatic solution of the design problem by educated 
guesses, supported by an iterative solutionof the process simulation and 
an experience-based analysis of the respective simulation results.

Å Process synthesis methodologies relying on rigorous optimization are 
rarely used in industrial practice.

Å N.B.: this course is aimed at closing the gap between the Academia and 
the Industry. It provides the necessary notions to improve the design 
capabilities of industrial engineers.

On the adoption of the PSE techniques
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Going deeper
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Deepening the definition of PSE

Å According to Stephanopoulos & Reklaitis (2011), PSE is the field that 

encompasses the activities involved in the engineering of systems 

involving physical, chemical, and/or biological processing operations.

Å These systems, whose variety and purpose are very broad, include, but are 

not limited to, the following:

ï Processing plants, producing intermediate chemicals and materials that 

societal needs require

ï Manufacturing systemsfor the production of a very broad variety of 

consumer goods (foods, clothing, materials and devices that enhance quality 

of life at home and workplace)

ï Diagnostic and therapeutic productsand processes to treat human diseases

ï Energy production, distribution, and consumption systems

ï Systems which ensure the quality of the environmentin which humans, 

plants and animals live.
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Deepening the definition of PSE

Å Within the scope of any of the above classes of processing systems, one 

may identify other types of processing systems, such as:

ï Networks of chemical reactions(catalytic or not)

ï Networks of biological processesin living cells

ï Structured systems of monitoring signals and actuating control actions, which 

are at the core of any diagnostic and control system

ï Structured interactions among molecules(e.g.free or guided self-assembly), 

leading to the emergence of supra-molecular constructs, or among molecular 

fragments, determining the physical properties of the molecules they make up

ï Networks of interacting processing equipment and humans(e.g.operators, 

maintenance personnel, process engineers, managers) who are at the heart of 

ŀƴȅ ǇǊƻŎŜǎǎΩ ǎŀŦŜΣ ǊŜƭƛŀōƭŜ ŀƴŘ ƻǇǘƛƳŀƭ ƻǇŜǊŀǘƛƻƴΦ 
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Deepening the definition of PSE

Å The activities involved in the engineering of such systems include:

ï Process design

ï Optimal scheduling and planning of systemsΩ operations

ï Monitoring, diagnosis, control, optimization of ǎȅǎǘŜƳǎΩ ƻǇŜǊŀǘƛƻƴǎ

ï Identification of the underlying structured network of processing operations

ïaŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭƛƴƎ ŀƴŘ ǎƛƳǳƭŀǘƛƻƴ ƻŦ ǎȅǎǘŜƳǎΩ ōŜƘŀǾƛƻǊ
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Deepening the definition of PSE

Å There is even a broader scope for modern PSE:

ï Process design involves the cycle of synthesis(invention, conceptualization) 
and analysistasks, which leads to a processing system that satisfies certain 
objective(s). 

ï The design of a processing system may require the study and resolution of 
engineering questions regarding the reliability, operability, safety, flexibility, 
and robustness of the operating system.

Å Finally, the identification of the underlying structures in poorly known 
systems may involve subsidiary tasks such as:

ï experimental design

ï evolutionary learning

ï model generation

ï complexity analysis
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Drivers of PSE

Å PSE is driven by two considerations:

ï¢ƘŜ ƛƴǘŜǊŜǎǘ ƛǎ ƛƴ ǘƘŜ ΨΨōŜƘŀǾƛƻǊΩΩ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ŀǎ ŀ ǿƘƻƭŜ

ï The emphasis is on studying how the components of the system and their 
interactionsŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ΨΨbehaviorΩΩ ƻŦ ǘƘŜ system.

Å PSE is the integrative complement of all subareas of chemical engineering 
and the one that determines the significance and criticality, or absence 
thereof, of ΨΨƭƻŎŀƭΩΩ engineering questions.

Å For example:

ï the operational and ŜŎƻƴƻƳƛŎ ΨΨōŜƘŀǾƛƻǊΩΩ ƻŦ ŀ ŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎis the 
integrated effect of all its unit operations, whose criticality in determining the 
behavior of the process can be systematically analyzed.

ï A drug is not just its active component, but a system with three interacting 
elements: medically active ingredient, formulation additives, and delivery 
vehicle. The efficacy of a drug deteriorates precipitously if the highly active 
ingredient cannot be delivered to the cells effectively, or its dissolution into 
the blood stream is hampered by poorly selected excipients. 
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