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MOL GROUP IN BRIEF
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WHY - DIGITAL TWIN (DT)

A Digital Twin:

* cyber-physical integration by which data can be collected, analyzed, and visualized

* to make more informed decisions
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object
Digital Twin

Fully integrated

} to optimize operations

» Separate models with different scope
* Simulation models,
* Energy prediction, monitoring,
* Quality prediction,
* Crude selection,
* Anomaly detection, etc..
* Model generation ad-hoc, problem driven
* Models not integrated into one eco-system
* Models' health are not monitored -> missing
continues maintenance, version control

OUR SILO MENTALITY MAY
BE GETTING OUT OF HAND.

* Simulation models are available only for a narrow

group ‘

A faster and continuous response to business needs could increase
profitability by transitioning from siloed digital models to an
integrated Digital Twin

ASE
© marketoonist.com

P MOLGROUP | 3



RTO OR DIGITAL TWIN? WHAT’S THE DIFFERENCE?

RTO

* Dynamic process control — Continuously adjusts operational
parameters to optimize the performance

* Aim: move the system towards optimum, given current boundary
conditions

Digital Twin

* High-fidelity virtual model of a physical process

* Integrates available process information (,,White Box”)

* Can simulate various scenarios to analyze the impact of
changes, such as variations in catalyst activity or feedstock
quality.

Objective:
* RTO: Focuses on continuously optimizing the current process in

real-time to achieve the best performance under existing
conditions.

* Digital Twin: Aims to provide a virtual environment for testing
and analysis, allowing for the exploration of various scenarios and
their impacts without disturbing the actual process.

Enterprise level

Unit level

[ ERP Information J

Model management

connections Planning

Production planning
connections

e Digital Twin \

[ Process models }

......... [

[ Training systems
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\&

ML models J

Physical
measurement
connections

/} °
Process

Control
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USE-CASE OLEFIN CONVERSION UNIT (OCU)

Metathesis of 2-Butene and Ethene: C4Hg + C;Hy, — 2C3H,
e N Yield M Hard
Fresh hydrogen gain process
l l I limit
C4 feed SHU' CDDelB? —— Iso-C4 rich h
—
C4=feed >
Ventgas . i
. Vent Gas Utility reduction
Fresh Ethylene o
OCT3 C4+ 1317 1372
— Propylene
1) Selective Hydrogenation Unit: Selectively hydrogenates butadiene and C4 acetylenes
2) Deisobutenizer: Reactive distillation to maximize C4= yield and remove iso-butene =
3) Olefins Conversion Technology: Converts C4= and ethylene into propylene _—

A J

LPG/C4 Propylene HDPE
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USE-CASE OLEFIN CONVERSION UNIT (OCU)

Aim: to optimize the operation of OCU to improve profitability

DCS ‘:Digital
| Twin Estimated benefits due to using Digital Twin

Feed cost

— >
Steam cost

Productvalue

oy MOL Group Global Material&Utility balace calculation yield and utility
%g improvements followed by economic valuation
* Yield improvement: +1ktpa (1%) product — Licensor confirmation
Objective: reduce specific production cost and increase the yield ¢ Utilityimprovement:
of propylene * Overall utility decrease to start-up: 8% (steam, electricity) for the first
6 years of operation — Statistically analyzed in other processing units
e Regeneration cycle time increase for adsorbers and OCT reactor

Power cost
—_—

Tool: Digital Twin pushes the system closer to the process

limitations ) )
vield A Hard * 2200Gl/y electric power saving (Powerplant loaded less: -4ktpa
gain process CO2, -1ktpa Natural gas purchase)
; limit * 800 GJ/y natural gas saving
I * 150 thUSD saving on nitrogen, air and hydrogen saving
. * Total calculated benefit can payback up to 10MUSD total CAPEX
—
Utility reduction
Parameters:

1. Yield : improving propylene conversion
2. Utility: steam and electricity of adsorber regeneration system »MOLGROUP | 6



OCU DIGITAL TWIN PARTNERSHIP

e MOL: Domain knowledge holder. Digital Twin
concept development and project coordination

e Lummus: OCU technology licensor, building
steady-state high-fidelity process simulation
models, and  supporting Digital Twin

[ development with technology-specific domain
knowledge
 Emerson: Providing technology to translate
Digital Twin results into control strategies
e Creo: Software and machine learning
development company, creating a Digital Twin

framework and interfaces for different system
components
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MOVING TOWARDS DIGITAL TWIN SEEMS TO BE SIMPLE...

Digtial Digtial ' Digtial Challenges
object bject . .

j Sl « Real-time automated connection adds
excessive system complexity.

Digital model

L . Digital shad Digital twi . . . . .
Digital representation 'sttal shadow 'gital twin *  Multi-model integration (first-principles
Automated one-way dataflow Fully integrated
Not automated
) + ML).
* Model management - monitoring,
continuous calibration, and version
control.

* Poor data quality - poor model output.

* Siloed models instead of multi-purpose
use.

*  Weak/missing validation.

* Low trust — caused by complex and
hard-to-interpret solutions.
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DIGITAL MODEL ‘

Physical
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THE HEART OF A DIGITAL TWIN: MODELS

Within Digital Twin the model(s) can vary in type, level of detail, and granularity. These models:
* Simulate physical system behavior
* Coherent multi-layered view of the system (interconnectedness).

How can we seamlessly integrate diverse models in

a digital twin?

=
Data-driven mode ML

«  Linear
*Schneider, Mariane Yvonne, et al. "Hybrid modelling of water resource recovery facilities: status and opportunities." Water Science and Technology 85.9 (2022): 2503-2524. > MOLGROUP | 10
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META MODEL

Digital Twin

What
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PLAYGROUND — WHAT-IF DASHBOARD

@7 Dignat Twin




.
DIGITAL SHADOW

Physical
object

Digital shadow
Automated one-way dataflow
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INTEGRATION OF PROCESS DATA INTO THE DIGITAL MODEL

' ------------------------------------------- ' --------------------- ‘ --------------------
i ¥ ¥
. A 1 - 1 . ..
: Data Ingestion Data Validation I : Model Validation : : Unit Optimizer
1
1 1 1
1 Data quality Is outlier? No outlier : 1 Model accuracy Accurate 1 : Gain % +10.7 %
1 1 1
1 1
1 1 1
1 Laboratory-group-1 Measured Rule-based No outlier : 1 Criteria-group-1 No outlier 1 : Base obj. value 9117.35
: Laboratory-group-2 Isolation forest No outlier : : : : Best obj. value 9332.83
I - - jeasured I I i
I Sensor-group-1 M d : I m I : Gain, USD/h 215.48
1 Sensor-group-2 Measured m I 1 1 I
! _ i i!
| T ¥ p— !
I . - I =] .11.15. 1 i Y
1
: {51 2025.11.15. 1 : : 1
I I 1!
1 Automated data flow : 1 Manual data flow 1 :
1 i 1 1
1 i1 1
1 i1 1
L e ———————— e e
Data preprocessing & validation Model validation Model usage
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IMPORTANCE OF DATA QUALITY

Reliable decisions require trusted data:

* Filter by operating range — apply models only
where they are valid.

* Validate data — remove outliers, correct errors,
ensure consistency.

* Integrate sources — merge sensor, system, and
database inputs.

* Harmonize - align units, formats, and
timestamps for clarity.

* Explain with visuals — clearly show what was
changed, removed, or corrected, and why.

Poor quality or out-of-range data can lead to
inaccurate results, limiting the model's effectiveness
and compromising decision-making.

Missing Data

© @ -4 @ ot s W N e
e

=

c
= 1 1E0iiN
g

Data Type Synthetic

Unit-1-Lab-data Synthetic
Unit-2-Lab-data Synthetic
Unit-1-Proc-data Measured
Unit-2-Proc-data Measured

Unit-3-Proc-data Measured

2025.00.20.

Imputed Data

L T N T S R N

:
« (D G D (D GED N

Data Validation

Outlier Result Yes No

RuleBasedOOD vl No

2025.09.20.
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MODEL INTEGRATION & VALIDATION

Maintaining flowsheet model performance is critical as real-world
degradation occurs. Online connectivity demands continuous
monitoring and timely intervention when drift is detected.

* Clear ownership — model changes are handled by subject-matter
experts.

* Performance monitoring — detect concept drift and degradation

* Online calibration — use automated/semi-automated tuning to
maintain accuracy.

* Transparent validation — track and explain model performance
before and during application.

Model calibration:

Palotai, B., Kis, G., Abonyi, J., & Bdrkdnyi, A. (2025). Surrogate-based flowsheet model
maintenance for Digital Twins. Digital Chemical Engineering, 15, 100228.

Palotai, B., Kis, G., Chovdn, T., & Bdrkdnyi, A. (2025). Online learning supported
surrogate-based flowsheet model maintenance. Digital Chemical Engineering,
100287.

Model Accuracy

Feature timeseries

REFAVEISIDEPRODUCT

2025 September 20.

231
151

on

b4

Time

Monitoring model prediction performance

2026 February L

N26. 20251204. 20251212 2025

Model calibration
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MODEL USAGE — DIGITAL SHADOW PROOF OF CONCEPT

Targets

Optimal
parameters

0 Data model
LP submodel

Light naphtha Objective function ($)

i Naphtha Naphtha

i fractions splitter
Reformer

0 High-fidelity model unit .

. —>{somerateV¥
isomer

—>» Petchem naphtha

Total energy Ay -
B i Benzol, e
r;mal Ics L Toluene,
and xylene Xylenes,

Reformate ¥

I
max {Z Value of end products — X Feed cost — X Energy}

Increase, decrease, no change

Positive, negative, neutral

Refinery system Digital twin framework . . .
& v * Optimization Demonstrate Digital Shadow architecture
AU R PTRT
g | $ ) Integrate multi-fidelity process models
‘g § @ =& > @— . Automate data collection and preprocessing
! s . . e e e
g | 3 | Database Model fitting e 2 Enable daily economic optimization
S | N (manual) Digital units = . . . .
8 2 & Support human-in-the-loop decision making
~I < . .
& < Validate recommendations on real plant
‘ ......................................................................................................................................... _@ Operation
Operational parameter changes L, Establish feedback loop between plant and
Physical units (manual) Technologist models
cross-check
" Multi-fidelity digital model + objective function '

effect
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DIGITAL TWIN

Physical
object

Digital twin
Fully integrated
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INTEGRATION OF PROCESS DATA INTO THE DIGITAL MODEL

Data Ingestion

Data quality

Laboratory-group-1 Measured
Laboratory-group-2
Sensor-group-1 Measured

Sensor-group-2 Measured

5 2025.11.15.

Data Validation Model Validation Unit Optimizer
Is outlier? No outlier Model accuracy Accurate Gain % +10.7%
Rule-based No outlier Criteria-group-1 No outlier Base obj. value 9117.35
Isolation forest No outlier Best obj. value 9332.83

Details
F5 2025.11.15. History

£ 2025.11.15.

5 2025.11.15.

Dynamic Validation
Ap P roval Validation result Feasible

Status Approved
Criteria-group-1 Feasible

5 2025.11.15.

5 2025.11.15.
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IMPORTANCE OF DYNAMIC VALIDATION IN DIGITAL TWIN

Internal External %@
ERP Data Network Network
— TR I Models in External
g DR | 90model environment .
Process data =  input Paramount importance of Emerson
90 parameter [ puoital Twin Core— MOL | I > S Dynamic Check (EDC) is to avoid
I:> Evronment | CDDelB tripping the physical system and/or
ata - . PR
—— 3 | 498 model . not losing money and credibility
o R— FEEH g | o
1% management =
7 25 Setpoint o) |
3 + apmz:t‘?cl)ns = | ° Dynamic Model Testing: optimal operating state testing in a dynamic
_% paramlete_rs e ] - model system.
3 | 90 input P * Setpoint Change Analysis: setpoint change analytics and understanding.
data/iter output * Optimal Strategy Development: strategy development for setpoint
| data/iter | ! .
: - > : P adjustment.
merson ynamic * Noise and Trip Prevention: noise and trip avoidance in the real m.
: Check (EDC)* P oise and Trip Prevention: noise and trip avoidance in the real syste
I Confidence I I . . . . .
 — P — . *EDC: practically OTS and include offline DeltaV and dynamic AspenTech
I |

Hysys model
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SUMMARY

Clarity and explainability make digital twins trusted tools in refinery operations:

Clear blocks — show how each part works and connects.

Explained decisions — why data/models are valid, why optimizers choose a point.
Robust validation — ensure safety and operational feasibility.

Flexible use — optimization, ad-hoc analysis, advanced insights.

User trust — built through clarity, visualization, and realistic testing.

& Product >y Software
<>’
owner d _, developer

} !

wodering (L Modelengineering ]

component

research Modelling
expert, @
data scientist
Model & component

\ Model operation J

e User domain

Use case e
m knowledge definition m
VV&A
|

,‘ Deployment

A

Real system

Equipment data S

Monitoring

: Automated
i Manual model maintenance model maintenance |
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