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Pillar 1. Navigating Operational Technology Implications

IT and OT Integration

Combining IT’s data ecosystem with OT’s physical control enhances real-
time insights and operational efficiency, enabling the more agile plants of the
future.

Challenges in OT Modernization

Legacy systems, cybersecurity risks, and evolving regulations complicate
operational technology upgrades.

Advanced OT Platforms

Platforms like EcoStruxure Automation Expert offer open ecosystems and
virtualization for seamless control and data continuity.

Benefits of IT/OT Harmonization

Unified systems enable predictive analytics, proactive problem-solving, and
agile responses to business needs.
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Pillar 2: Adopting Disruptive Technology Trends
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Technology Integration Benefits

Integrating Al, machine learning, other Digital capabilities and loT boosts
efficiency, innovation, and strategic value in industries.

Predictive Maintenance Impact

Predictive maintenance uses sensor data and Al to forecast failures, reducing
maintenance costs by over 60% in some cases.

Smart Pipelines Safety

Al-driven anomaly detection in smart pipelines decreases leak risks by 10-20%,
enhancing safety, environmental and commercial performance.

Data Democratization Importance

Open data access across systems is critical to harnessing insights and driving
innovation in industries.
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Pillar 3: Positively Managing People, Behaviors, and Change
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Empowered Workforce

An engaged and empowered workforce is essential for successful autonomous
operations and innovation in enterprises.

Strategic Change Management

Aligning workforce with strategic vision through change management prevents
inefficiencies and missed opportunities.

Skills Development

Upskilling and reskilling programs in digital literacy and human-machine
collaboration address evolving skill requirements.

Leadership Engagement
Active leadership sponsorship improves project success rates and drives
workforce alignment with transformation goals.
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Pillar 4. Enhancing Productivity, Agility, and Energy Efficiency
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Barriers to Autonomous Adoption

Regulatory complexity and market fragmentation create hesitation in adopting
autonomous operations in the energy sector.

Need for Specialized Skills

High demand for Al, cybersecurity, and digitization expertise intensifies adoption
challenges in autonomous systems.

Transforming Legacy Systems

Integrating Al and adopting open standards through phased upgrades turns legacy
systems into strategic assets.

Energy Efficiency and Decarbonization

Autonomous operations and digitalization significantly reduce emissions,
supporting 2050 net-zero goals with existing technologies.
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Pillar 5: Improving Safety and Security

Autonomous Safety Enhancements

Automation reduces human exposure to hazards and cuts workforce injuries in
dangerous environments.

Predictive Al Maintenance

Al-driven systems forecast mechanical issues with over 90% accuracy, enabling
proactive maintenance.

Multilayered Security Frameworks

Combining encryption, real-time threat detection, and authentication protocols
secures autonomous operations.

Skills and Collaboration

Personnel training and government partnerships develop adaptive safety
frameworks balancing innovation and accountability.
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Pathways to Autonomous Operations;
SE Group approach & innovations
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The ultimate objectives of industry are Efficiency &
Sustainability. Autonomous Ops are a step on the way

Advanced capabilities required
to meet demands of the new
Industrial Age; most
customers not yet ready for
these — with a few in the very
early stages of developing
these.

Energy Industrial
Management Automation

SOFTWARE

Energy
Transition

Industry 4.0

Fundamental capabilities
necessary for the Digitalization
journey; widely acknowledged

and largely being addressed
today with varying success
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Co-Simulation: ETAP and AVEVA DynSim in Operations

Optimizing Electrical Energy Consumption & Improving Uptime in Operational Assets

Why this matters

10-20% of the unplanned SD
are caused by electrical
problems

Every electrical model does not
take into account the dynamics
of the process load

Power Dynamic Modelling
usually based on stale

/ designed conditions not on
the current operating conditions
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@ Our solution and How we can help

Modelling the increase (or Decrease) of

@ Our proven impact
Energy- Efficiency Study Services /

Electrical Load effects driven by Process Deployment e.g: Improving
Requirement with a integrated dynamic process Obijective Functions:

and electrical study

Uptime Improvement, e.g:

DCS,
Emulation

Evaluating all operating conditions
and electrical responses; enriched

situational awareness

Q Distinctive Technology

Proven market leaders; an
innovative solution agnostic of DCS

ETAPRT | [AVEVADYNSIM | and EMCS vendor
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EcoStruxure Automation Expert (EAE) is the first software-
centric universal automation system

EcoStruxure Automation
Expert is Industry 4.0 ready

g, Supports hardware-
()  independent control
« ™ application design

-~ Combine anytime
‘ information with real-time

‘4/ control

Creates a new category of
software centric automation

Allowing
customers to
achieve
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Where the edge control layer
becomes software defined

Software,
analytics &

services Software

EcoStruxure =y
Automation — 7

Hardware
Connected

Products

100%

Engineering efficiency

100%

Operational effectiveness

Bringing a 3-way paradigm shift to
how we see automation technology

Programmable Distributed

Logic Control
Controller System

Information
Technology

Operational
Technology

Design & Build

Operate & Maintai

100%

Future proof
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Overview: Three Innovations form

nr ek

Supports formal RCA** enhanced and accelerated (open loop); Multi-Unit Al
process by acceleratingand operational response. Enhanced Supervisor Advisor
improving analysis. M | (plant wide).

*RAG: Retrieval Augmented Generation
**RCA: Root Cause Analysis

These innovations build on one another to grow Al-enabled autonomous capability in concrete steps. Cognitive Diagnostics
accelerates process analysis leveraging data and human experience. Real Time Al Controller builds on this to enable rapid,
closed-loop response to changing situations. Al for Enhanced Operations builds further to deliver open-loop operational

improvement at unit and multi-unit levels. As confidence grows the pathway to true autonomous operation becomes clearer.
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1. Cognitive Diagnostics: Speed to Evaluation, Reasoning and Accurate Results
[

l 2. Rapid Analysis and Prioritization

P et Ao 4 Sosrd - - Sclpuldar . .
e Diagnostics Logs f ]
R EEE——— - View SSE Log View Ingest Log Clear
£ | System Alert Timestamp: 2025/10/24 08:00.02 AM | Backend logs (last 200 lines) L J
Live
Process Upset Detected 130 Analysis #4 | 2025/10/24. 11:15.57AR0
variate ML algorithms detects process i ID: 17L08L5357581

before alarm violations

cole FEATURE ANALYSIS
| Resolve Ignore & Monitor O
y . - % -+ Separator liquid load: Fault=35.0b? | Normal=38.28) | 4=-3.214 (-8.40%) | z=-1.05
& . A v 5 i } . Component F to Reactor: Fault=1.724 | Nermal=1.bS9 | A=0.0kk (3.95%) | 2=2.70

Companent H in Purge: Fault=2.214 | Mormal=2.299 | A=-D.DA&5 (-3.71%) | 2=-1.70

Simalation time (aach strep = Jmin)

- Product Sep Level® Fault=ya.9k9 | Normal=50.0b2 | A=-1.092 (-2.1&%) | z=-1.0§

- Component B in Purge: Fault=13.b77 | Normal=13.82b | A=-

.149 (-3.082) | z=-1.49
+ Reactor Feed Rate: Fault=42.183 | Normal=42.34l | 4=-0.158 (-0.37%) | z=-0.72

Con s ow o e

’ 1. Anomaly Detection ‘

[4. Operator-led Reasoning

Interactive RCA Assistant Log

Anal s 1D 1

SYSLEM WOULA FESPONU Dy FEqutNg Ue SEPArator uguId 1A (SITEAM Lu) 10 PrevEnt e Separator mom
emptying (explains 1). With less H being produced, the amount of H carried over to the vapor phase and
subsequently into the purge stream would decrease, leading to a reduction in Component H in Purge

(explains 3). Furthermore, stream 4 also supplies the inert component B to the process. A reduced flow of

am 4 would d ly lead to less B entering the system, resulting in a lower concentration of Component
n Purge (explains 5). As stream 4 is a part of the total reactor feed (stream 6), a decr in its flow
‘would also contribute to a slight reduction in the overall Reactor Feed Rate (explains 6). Regarding
Component F to Reactor (explains 2), if the production of products G and H significantly drops due to C
limitation, but the byproduct F production (from reactions 3: A+E—F and 4: 3D— 2F) is sustained or less
affected (e.g., if D and E feeds remain stable and A from Stream 1 is sufficient), then F would constitute a
larger proportion of the non-condensed components. This shift in relative proportions, coupled with less

u think of their judgement?

overall liquid product removed from th parator, would result in a higher mole percentage of F in the
recycle stream (stream 8) and thus in the reactor feed (stream 6),

3. Comprehensive Explanation

put of 6.
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2. Realtime Al Controller:

The Challenge:

Human operators have decades of
experience and deep expertise but are

Calendar Training Time
with LNG Unit Simulator

:'Ab_c_:’élerates Response through Deep Training

The Results:

*~4 Offline reinforcement training of dynamic
- | simulation models reveals faster operator
"~ | responses to startup and upset scenarios.

limited in terms of speed of response due
to limiting factors.

How to build up human-like expertise but
deploying it much more rapidly?

Hours

per episade

%/ | The Solution:

Episodes

Run 10,000 episodes or training scenarios

' |in an on-premises virtual machine farm.

This can be setup with 10 servers each
with 10 containers. Training determines
the best responses that meet a customer’s
training objective eg, train for the fastest
startup time that maximizes production.

(This is intended for small equipment or small
collection of control elements.)

\ ..f These actionable insights may cut
| response times by 50% in some
|instances.

Containers

1OO

per container

Episodes

10K

per unit
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. Neural Network

.1,

Time Steps LA l O O
| M _-'-' ". LNG Unit Simulator
per unit ’l."

Time Steps

100

per episode
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Steps on the journeytaﬁfutonomous Operations: Building Capability
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The Approach:

Autonomous Operations is not achieved by turning on Al: it requires the
building of foundational capabilities in a step-by-step manner. SE’s
approach here is to utilize Cognitive Diagnostics and Al Realtime
Controller to build confidence in Advanced Control, establishing a basis for
other solutions which will introduce System Level Autonomy later.

Ly

Full Autonomy

‘
MULTI-UNIT Al ENHANCED
Supervisor Advisor i
System Level Autonomy
UNIT Al ENHANCED
Operator Advisor
A e v I @ Advanced Control

Controller

Traditional Automation

: n ) 100% Human Decisions

100% Human Manual Control
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