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Definition of Process Systems Engineering

A PSE has traditionally been concerned with the understanding and

development ofsystematic procedurefr the design, control and

operation of chemical process systems (Sargent, 1991).

Systematic having showing, or involving a system, methodptan
- Dictionary.com
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Definition of Process Systems Engineering

A PSE is an academic and technological field relatedettnodologiesor

chemical engineerindecisionsSuch methodologies shoulsk

responsible for indicatingow to plan,how to design, how t@perate,
how to control any kind of unit operatiorghemical andther production

process or chemical industigelf (Takamatsu1983).

q&; © Davide Manca Process Systems Engineergiglaster Degree in ChemEgdPolitecnico di Milano Lt 3



Definition of Process Systems Engineering

A PSE is concerned with the understanding and developmesytstématic

proceduredor the design and operation of chemical process systems,

ranging from microsystems to industrs¢ale continuous and batch

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

A PSE is the field that encompasses the activities involved iartbmeering

of systemsnvolving physical, chemical, and/or biological processing

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

A PSE is a largely mature and wedtablished discipline of chemical engineering.

A Thesystems approachas been successfully adapted and refined to address the
needs of designing, controlling and operating chemical process systems in a
holistic manner.

A 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:

I theinherent complexityof chemical processes

I the multi-objective natureof decisioamaking during the lifecycle
of the manufacturing process of chemical products.

A PSE has been successfully implemented as a discipline in its
own right in research, industrial practice as well as in
chemical engineering educatioKlatt & Marquardt, 2009).

Holistic:relating to or concerned with wholes or with complete systems
rather than with the analysis of, treatment of, or dissection iptots

- Merriam Webster Encyclopedia
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Definition of Process Systems Engineering

A Process Systems Engineering is the field that encompasses the activities involved
the engineering of systemwith physical, chemical, and/or biological processing
operations

A PSE classification according to AIChE:
I Process Modeling, Simulation and Optimization
I Process Design/Synthesis and Product Design
I Process ldentification, State estimation and Control

I Process Operations: Optimization, Monitoring, and Fault Diagnosis

AIChE S
JOURNAL AIChE |

AIChE Journal

AICh Edited By: Michael P. Harold
] LFU RNAL )
Impact Factor: 2.581
151 Journal Citation Reports @ Ranking: 2013: 25/133 (Engineering Chemical)
Online ISSN: 1547-5905
=7 Associated Title(s): Biotechnology Progress, Environmental Progress &

. f Sustainable Energy, Process Safety Progress

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1546005/homepage/pse_virtual_issue.htm
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering

Computer
science

:> Applied
mathematics

Chemical
engineering
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering

A 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 usmathematical tools
and algorithmsFor this purpose, it relies anathematical modelshat

capture the perceived underlying science, and adoptsf@mmization
approach to perform the relevant tasks. In keeping with contemporary
needs, most research in the P@Bgramemploysmulti-scale
representation of the mathematical models.

www3.imperial.ac.uk/cepse
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The chemical supply chain
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Grossmann, 2004; Marquardt, Wedel, Bayer, 2000

RTE
i Y,

ZJ; © Davide Manca, Process Systems Engineergqiglaster Degree in ChemEggdPolitecnico di Milano LIr 12




Definition of Process Systems Engineering

A Systemsengineering involves the following generic research themes:

I the development ofmodelingframeworks andf humerical methodgor the
simulationand for local and globalptimization

I the development ofobust strategieand methodologies for the appropriate
engineering tasks

I adoption and adaptation afomputational methodso facilitate the above
themes.

A Acomprehensive set of the engineering tasks:

I productdesign (petrochemicals, pharmaceuticals, novel materials, commodity
andspecialtychemicals, etg

I process synthesis
I process control
I planning& scheduling

A Amathematical modetonstitutes thecenterof the research focus

‘_ www3.imperial.ac.uk/cepse
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Definition of Process Systems Engineering
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Definition of Process Systems Engineering

A Clearly, the underlying science as exemplified by the model constitutes the
rigorous basis for all systems engineering. However, systems engineering does nc
necessarily wait until a complete understanding of the process emerges from the
scientific disciplines (to quote Professor John Perking,2 Sasged]{ S O (0 dzNE ¢
Centre for Process Systems Engineering, Imperial College London, December
2005). Insteadit seeks to solve real life engineering problenysthe 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 inresourcesand environmental & safety hazardgdbustnessassumes
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.

www3.imperial.ac.uk/cepse
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The concept of Systems engineering

A Systems engineeringddresses all practical aspects of a multidisciplinary

structured development process.

A Systems engineering proceeds fraanceptto realizationto operation.

Systems

Ml Concept =3 Realization ==

engineering
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The concept of Systems engineering

A Whymore(1993) proposes the following definition of SE:

Systems-engineerin the intellectual, academic and professional
discipline, the principal concern of which is the responsibility to ensure
that all requirements for &ioware, hardware or software systemare
satisfied throughout the liteycle of the system

A A technical system is composed of:
I Hardware(i.e.the process plant and its equipment)
I Software (i.e.the operation support system)
I~ Bioware (i.e.plant operators, FOPs and CROPs, and management)

an BEEE e
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Systems engineering methodology

A Systems engineerinig amethodologyto solve systems design problems
by means of aystematic design process

A Bahilland Gissing (1998) proposed tB&MIL/ARapproach to systems
engineering. It consists of 7 tasks:

Sate the problem: identify the requirements to be satisfied

Investigate alternatives: define multriteria decision making process

Model the system

Integrate the system with its environment

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

Assess performance: measure the performance of the system

N oA W e

Reevaluate: continuously monitor and improve the performance
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The paradigms of PSE

A The two major paradigms in PSE arealysisand synthesis

A Analysisis adirect problem It assumes that the process flowsheet, the
equipment, and operating data are assigned. fu&lelis used to predict

the performance indicator®of the process bgimulation studies

A Synthesids aninverse problem The procesperformance indicatorsare
the specificationsof the problem whose solution, by means of repetitive
simulations or numericaptimization, allows identifying the space of the

decision variables

7, Sk,
PTG
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The paradigms of PSE

A 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 A h < ¢ tbteakingdzL¥omh A& dzilJK NP dz=hmd2 dzi
< &l ft22aSYAyIE0OD

A Synthesigefersto a combination of two or more entities that together
form somethingnew. Alternately it refers tocreating somethingdpy
artificial meansThe word is from the ancient Greek. A ‘ € ° &g A 0 K ¢

and* W Q'L | OAYy 3£ 0P

7, Sk,
PTG
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The paradigms of PSE

Direct problem
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Inverse problem

FromKlatt& Marquardt, 2009
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The paradigms of PSE

A  SinceWorlid\Warllz engineeringleducation has moved strongly towarelslysis
with courses dealing with individual process operations and phenomena.
Transport PhenomengdJnit Operations Process ContrgReaction Engineering
and other engineering science courses greatly strengthened engineering educatio
by showing how things are and how they wddnfortunately, there wasmot-a
parallel developmentof-coursesdealingiwiynthesiK ® ¢ KA &8 RSTA OA
recognized for years, but the remedy awaited the development of sufficiently
general principles of synthesis about which to organize educational material.

A Thetension-hetweenanalysis-andsynthesisis keylto thelhealthrof any
engineefingcddisciplineand the existence of the complementary views of chemical
engineering in analysis (the culture of chemical engineering science) and synthesi
(the reeemergent culture of process engineering; which from @@sis referred to
as Process Systems Engineering) helped ensure the vigorous international
development of academic chemical engineering in18é0sand beyond.

From Rudd, Powers & Siirola, 1973
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The paradigms of PSE

A In addition tothe impact that the synthesis culture of RSEhad eneducational
curricula its contributions to the advancement of industrial practice have been
V2U0KAY3 fSaa GKIFyYy &603SaCaidmic debelrttdlevelaps NI
systematicrfPreeess,/Symthesikeas, which in turn allow process engineers to begin
with given chemistries and end up with quitesentive processiflowsbeets
52dzaf | 8Q KA S Ntb tN&csnkepthial dedighdhfIpi@BcesOffdwsheets
2FTFSNB |y dzy LI N} ffSfSR adadaSYlFraAl | das:
{dzoaSljdzSyd O2dzLd Ay 3 27T obtithidaHdn FodmBlatidng ILIN.
proposed by Grossmarand other researchers provided the missing quantification
YR (0UKdza GKS 202SOGAQS G2LIWGAYIfAGEE
after nearly 100 yearthe core activity of RSk .e. processddevelopmentcan be
put into a rational and systematic framework. The impact of this development on
the industrial practice cannot be overestimatddow engineershhave aysystematic

_>;z|- &f “irehting’ Aey @ Scyfdind <ysBrés, nyt Srdply LINRIQ Si&tdhdoyed & &

From Stephanopoulo& Reklaitis, 2011
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On the adoption of the PSE techniques

A While the direct modebased solution of theiffverse) procesdesign
problem,by means of optimizatiomethods, iamore rigorous and exact
from a systemngineering poinbf view,ii 2 Rl € Q& A Yy Rdza (i NJ
mainly featuresa pragmaticsolution of the design problem bgducated
guessessupportedby aniterative solutionof the process simulatioand
anexperiencebased analysis of the respective simulatresults.

A Processynthesis methodologies relying on rigorowgtimization are
rarely used inndustrial practice.

FromKlatt& Marquardt, 2009

A 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

7, Sk,
PTG
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Going deeper
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Deepening the definition of PSE

A According to Stephanopould@sReklaitis (2011), PSE is the field that
encompasses the activities involved in #r@gineering of systems
Involving physical, chemical, and/or biological processing operations

A Thesesystems whose variety and purpose are very broad, include, but are
not limited to, the following

Processing plantgproducing intermediate chemicals and materials that
societal needs require

Manufacturing systemdor the production of a very broad variety of
consumer goods (foods, clothing, materials and devices that enhance quality
of life at home and workplace)

Diagnostic.and therapeutie produet@nd processes to treat human diseases
Energyproductiondistribution, and consumption systems

Systems which ensure tlgpality of the envirenmentin which humans,
plants and animals live
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Deepening the definition of PSE

A Within the scope of any of the above classes of processing systems, one
may identify other types of processing systems, such as

I Networks of chemicalreaction&atalytic or not)
I Networks of biologicalprocessan livingcells

I Structuredsystems ofonitoring signals.and actuatingccontrol-actiong/hich
are at the core of any diagnostic and consgstem

I~ Structurediinteractionssamongmoleculds.g.free or guided selassembly),
leading to the emergence of supmolecular constructs, or among molecular
fragments, determining the physical properties of the molecules they mpke

I Networks of interactinggprocessingcequipmentand: humai@sg. operators,
maintenance personnel, process engineers, managers) who are at the heart o
Fyeé LINPOSEdaQ a4l FST NBfAlLOES |yR 2LX
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Deepening the definition of PSE

A Theactivities involved in the engineering of such systémetude
I Process design
I Optimal scheduling and plannimd systems$bperations
i Monitoring, diagnosis, control, optimizatiamfa @ a0 SYa Q 2 LISNJI {7/
I Identificationof the underlying structured network of processing operations

i al OKSYFGAOFE Y2RStAYy3I YR airvydzZ I Az
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Deepening the definition of PSE

A There is even a broader scope for modern PSE:

I Process design involves the cyclesyfithesis(invention,conceptualizatioh
andanalysistasks,which leads to a processing systémat satisfies certain
objective(s).

I The design of arocessingystem may require the study and resolution of
engineeringquestions regarding theeliability, operability safety flexibility,
androbustness ofhe operating system.

A Finally, the identification of the underlyirggructuresin poorly known
systems may involve subsidiary taskehas:

I experimental design
I evolutionary learning
I model generation

I complexity analysis

7, Sk,
PTG
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Drivers of PSE

A PSE is driven by twamnsiderations

i ChKiSterdstys th SINS @hdliorA & theh UaKaSvhWo SKI GA 2 NXQC
I Theemphasiss on studying how
interactionsO 2 y G NA 0 dzi Wy

A PSE is the integrative complement of all subareas of chemical engineerin
and the one that determines the significance and criticality, or absence
thereof, of ¥ W{ 2rQihekrdd@questions.

A For example:
i theoperationalandS O2 y 2 YA O QIO 25K I @ ACCKNStieh O f L
integrated effectof all its unit operations, whose criticality in determining the
behaviorof the process can be systematically analyzed.

I Adrugis not just its active component, but a system with threeracting
elements:medically active ingredient, formulatiomdditives,and delivery
vehicle The efficacy of a drug deterioratpsecipitouslyif the highly active
ingredient cannot be delivered tie cells effectively, or its dissolution into
the blood stream ihamperedby poorly selected excipients.
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