Journal of Applied Research in Chemical-Polymer Engineering. (Persian), VVol. 9, No. 4 (Winter 2026) 51-67

‘ Journal of

Applied Research in Chemical-Polymer Engineering

Tarbiat Modares
University

'|ourna| homeﬁaﬁe: WWW.arcHe.modares.ac.ir

Research Paper

The role of process design engineering in the design and operation of process units in the era of
Industry 4.0 and artificial intelligence

Amir Arsalan Sobhani, Mohammad Fakhroleslam *

Process Design Department, Faculty of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

ARTICLE INFO GRAPHICAL ABSTRACT
Received 2025-06-11 o prcjact planning - Joct " - . N
Revised  2025-10-02 [ ‘

imlElN B

Accepted 2026-01-21
Available online 2026-06-06 et
ISSN: 2588-5316 )

Process Operating

Basic Process Engineering

o 1 ;:ch.@ =N Maintena

. j | Engineering! 1 - | sintenance

Online ISSN: 2588-5324 G ; '
g croting
o ¥ 0 | engineering: {1

Keywords: Indirect collaboration | : Process Engineer

. . of process engineers
Design Projects (decision making || Dedsion making il

h H—

Process Design Engineers Diract collabration of
~ process erigi

ineers

Oil-Gas- Petrochemical Industries

Decision Making

Eamings / Amount of
contribution

Artificial Intelligence Tools

E R RaRRREEEE EEEES Time to profit- >

' /3’

P — e et

Direct collaboration of
ather engineers

ABSTRACT

Research subject: Chemical process design is one of the foundational pillars for the advancement of oil, gas, and petrochemical industries. The inherent
complexity and multidimensional nature of chemical processes have transformed process engineering projects into highly interdisciplinary
collaborations. Consequently, beyond the challenges of process design itself, the synchronization and facilitation of cooperation among diverse
engineering disciplines are among the core difficulties of such projects. The involvement of process design engineers as experts in chemical engineering
is essential to address these challenges through direct engagement, indirect contribution, or overarching supervision.

Research approach: This study analyzes the structural framework of chemical process engineering projects, from the ideation phase to the end of the
design life cycle, focusing on the complexities of oil, gas, and petrochemical systems. The roles of process design engineers across different project
phases are identified and categorized. Their decision-making frameworks are modeled using process systems engineering (PSE) methodologies. To
improve interdisciplinary collaboration and data integration, an ontology-based approach is adopted to define foundational concepts and standardize
relationships between project components. Additionally, to clarify decision-making mechanisms and better understand the challenges and design stages,
visualization techniques are applied to map information structures and depict the decision flows and responsibilities of process design engineers.

Main results: The findings demonstrate that process design engineers play a pivotal role in the success of engineering projects at three levels: direct
involvement, indirect influence, and supervisory oversight. The role of process design engineers and their decision-making in addressing challenges
within oil, gas, and petrochemical projects, across all stages from concept to operation, has been analyzed through the examination of process system
characteristics. The application of these analytical tools in enhancing decision-making quality and improving understanding of process systems has been
presented. Emerging Al tools significantly enhance the effectiveness of engineering decisions and contribute to cost and time reduction through enabling
modeling, simulation, data analysis, and optimized decision-making. Moreover, the application of these tools improves understanding of complex
industrial systems and enhances performance under uncertainty.
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Figure 1 Schematic of synthesis and design problems in
engineering design of a chemical process
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Table 1 Characteristics of PGC systems [12]

Aspect PGC Industries Process
System Overview

Scale Large
Equipment General purpose equipment
Components Reactors, pumps, heaters, agitators, valves
System type Central
Distributed processes Tightly coupled, plant-wide control
Compensation/redundancy Present

Process parameters

Temperature, flow, pressure, level, weight

System characteristics

Closed, internally driven

Automation level High
Safety importance High
Goals/priorities Change frequently

Complex Interaction

System complexity High
Source of complexity Parameter interactions, common connections
Designer understanding Not fully understood

Production process

Unit operations

Distillation, crystallization, reactions

Impact type Indirect

Element impact Similar

Speed Slow but precise timing
Time criticality Nonlinear changes, delays
Pausing production Problematic (loses batch)
Pausing process Impossible

Options Quantitative and qualitative

Materials and Products

Product form

Fluids/masses

Product value

High

Product diversity

Low (continuous), high (batch)

Variability handling

Different recipes, same equipment

Process variation impact

High (narrow operating ranges)

Variability sources

Raw material properties

Failures and Abnormal Situations

Consequences Economic & safety risks

Frequency Rare major accidents, frequent minor issues
Prevention Safety barriers, protection layers

Typical faults Overpressure, leaks

Fault impact

Affects entire product

Fault detection

Product parameter deviations

Fault recovery

Difficult (loses batch)

Fault propagation Forward and backward

Aspect Process Industries

Perceivability Not directly perceivable (parameter readings and alarms)
SOPs Available only for known faults

Information Available to Operator

Type of information

Control room: indirect, field: direct

Information limits

No sensors, not transferred to control room, not relevant, uncertain
validity, noise, presentation in HMI, mismatches between information
sources

HMI

Inconsistent, separate parameters, little information about function

N4




time scale 4
month 4
week +
day +
h 4+
min 4
8 <4 ’-.( 4
e a2 i el »
- thin films ] small
ms + o
3 R molecule chemicalscale  [[] intermediate
= cluster - large
molecules
ps L o
4 $ $ t + t L
1pm 1nm 1pm 1 mm im 1km length scale
['¥] PGC wliv sloanlp olad s bloy b ¥ S
Figure 2 Time and spatial scale of PGC processes [13]
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Figure 4 Design of chemical process framework according to supply chain needs
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Table 2 Review of part of design problems of smart manufacturing at unit operation scale [17]

Detection — Analysis — Prediction — Decision-making
Operation inspection e  Bottleneck analysis e Tool allocation Tool allocation
Bottleneck detection e  Equipment diagnosis e  Tool path planning Tool path planning
Material e  Defect pattern extraction e  Equipment selection Equipment selection
identification e  Energy consumption analysis e  Shop-floor scheduling Shop-floor scheduling
Production e  Equipment performance e  Assembly optimization e  Assembly optimization
monitoring analysis e Logistics optimization e  Logistics optimization
Product defect e  Rules extraction for process e  Production line balancing e  Production line
detection design e  Production process control balancing
Worker/tool/part e  Manufacturing failure mode e  Production process e  Production process
detection analysis planning control
Equipment failure e  Sensor network e  Production process
detection optimization planning
Energy consumption e  Human-machine e  Sensor network
detection collaboration optimization

e  Energy consumption e  Human-machine
optimization collaboration
e  Energy consumption
optimization
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Figure 5 Chemical processes design framework according to new supply chain needs
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Figure 6 Contribution of different disciplines in an engineering project from idea to end of life-cycle
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Figure 7 The set of activities of process design engineers that have a direct impact on advancing the goals of an engineering project [23]
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