
LAOS

Linde Advanced Operations Solutions
Paving your way for AI powered autonomous plant operations

Realised Benefits from AI Plant Controls

Stephan Hazzam, Linde Advanced Operations Solutions

2025-02-19 for Go Digital Energy 2026 London



Advanced Operations at Linde
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Enabling Linde to be the most valuable chemical company in the world

100
countries

12
ROCs

(Remote Operation Center)

1,200+
plants
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Fully automatic plants
operated by Linde’s AOPSTM Advanced Automation  

Process safety & efficiency monitored in real-time
by Linde’s AOPSTM Process Digital Twins

Equipment condition monitored in real-time
by AOPSTM Predictive Diagnostics

Linde’s Advanced Operations
WITHIN 5 YEARS

+13%
efficiency

-9%
maintenance 

costs

99.1% to 99.8%
plant reliability

responds to alarms 

& improves 

Advanced Automation

1 operator

operates 10 plants



Mentimeter 1
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A) How familiar are you with AI driven plant control?

• Not familiar

• Heard about it

• Used APC but not AI

• Already working with AI MPC or similar

B) What is your biggest challenge in running efficient and stable plant operations? (Word cloud)



Journey of AIPC and fully autonomous supply chain
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From first testing to high customer satisfaction

2021 2022

Medium Sized ASU 

with pipeline supply

Optimizing product 

yields & energy 

efficiency

2023

Arcelor steel works supply 

with large ASU (production 

changes every 20 minutes)

➢ Continuous production 

during implementation

➢ 35% faster load 

change

➢ +2% yield

➢ +1% efficiency

Small ASU

First closed-loop 

control

Large/critical utility 

supply for chemical 

complex

➢ 8 weeks 

implementation

➢ +9% yield

➢ +1% efficiency

➢ Very stabile 

operation

2024

Ultra high purity 

electronic gases 

production

2025 2025+

Refinery



When is AI Plant Control the Best Choice
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Control processes with AI where classical Model Predictive Control struggles

Advanced Process Control

→ Fear of process upsets from step-testing or costs from test 

case operation prevents APC implementation

→ Insufficient capacity or capability to maintain classical 

Model Predictive Control (MPC)

Plant

→ Complex process with highly non-linear behavior

→ Large operation envelope (e.g. 50–100% load) or

different operation modes

AI Plant Control

AOPS  AIPC

→ No disturbance of operations

→ Robust complex control

→ Self-learning

→ Low-maintenance



AOPS AIPC vs. Classical MPC
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Improved efficiency & robustness without disturbing plant operations

→ Step tests for different operating 

cases performed during 

production & on site

→ Offline model training avoids 

plant disturbances

→ Requires lower process control 

expertise

→ Able to control non-linear 

processes 

Conventional MPC AOPSTM AIPC

→ Step tests for new operating 

cases / plant modifications done 

manually & on site

→ Automatic model re-training 

performed continuously & based 

on recent operations data

Implementation

Re-tuning



AOPS AIPC – Oxygen supply for Arcelor Steel Plant 
Improved energy efficiency & product yield through fast and smooth load changes

Challenge

Solution

Benefits

– Large ASU with 20 operating modes producing gas and/or liquid products

– Frequent gas production changes (every 15-30 minutes)

– Several APC projects failed due to frequent change of operating mode and large operating envelope

– AOPS  AIPC installed within 12 weeks while continuously supplying the steel plant

– No step tests, no impact to production.

– Automatic AIPC retraining within 2–4 hours to “learn” new operating modes

35%
faster load 

changes

1% 
increased 

efficiency

2% 
increased

product yield 

6 month
Payback of initial 

investment

Oxygen 

Production
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AOPS AIPC – Oxygen supply for Thyssen Steel Plant
Very robust and stable production after fast implementation

ThyssenKrupp, Duisburg, Germany

Challenge

Solution

Benefits

6 weeks

implementation
Without disruption of

production

Very stabile

operation
of complex plant with

many load changes

Operator stress

and workload
Significantly reduced

– Extended outage of key plant: Stand-by ASU must replace production on short notice.

– Worry: operators get overloaded and trip plant during frequent manual load changes.

– Implementing classical Model Predictive Control would take 4–6 months.

– AOPS  AIPC implemented for stand-by ASU within 6 weeks

– During implementation, ASU production followed steel works demand

– No step tests, no impact on production

…AIPC implementation at ASU9 went 

extremely smooth and even Uwe [Lead 

Operator] is completely impressed (I 

don't think I've ever heard him say, "The 

system is running super quietly now”). 

Stefan W.

Operations Manager Duisburg
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Challenge

– Large ASU producing Oxygen & Nitrogen to supply chemical complex and Argon for the market

– Operators sacrifice Argon yield as they are afraid of loosing purity for critical Nitrogen gas supply

– Site profitability challenged from low Argon production (high value product)

Solution

– AOPS  AIPC installed within 8 weeks without vising the site while continuously supplying chemical 

complex.

– Operators only noticed AIPC due to more smooth operation

AOPS AIPC – Gas supply for Chemical Complex
Improved energy efficiency & product yield through fast and smooth load changes

Benefits

9%
increased

product yield 

1% 
increased

efficiency

Very stabile

operation
of complex and 

critical plant

2026-02-19 Realised Benefits from AI Plant Controls - Go Digital Energy 9



AOPS AIPC AI Plant Control – Benefits
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The next generation of AI powered Advanced Process Control

3-12 months payback

1–2% 
reduction in energy consumption

60–80% 
faster implementation

60–80% 
reduced effort to maintain solution

35% 
faster load change 

2–3% 
increase in product yield

NO 
disturbance of operations:

No step tests, no test cases

NO
disturbance of operations:

No step tests, no test cases

Retraining of AI model within few 

hours

Boosted control 

performance

Automatic adaptation to 

changing operating 

scenarios

Fast implementation

without disturbing 

operations

Results from 3 years operation of complex process plants compared to classical APC



Mentimeter 2
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C) Which benefit of AI Plant Control is most relevant for your operations?

• Faster load changes

• Higher product yield

• Energy reduction

• Stability

• Reduced operator workload

D) Where would you see most potential for AIPC in your own plant or network? (Word cloud)
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Let’s team up to improve your operations

Stephan Hazzam
 

Linde Advanced Operations Solutions

Stephan.Hazzam@linde.com

Munich, DE



Cloud or on-premise

AOPSTM IGNITE

Model 

selection

AOPSTM AIPC Model Training Workflow
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Automatic model training with operator verification

Model 

training

Model 10

Setpoint 1

Setpoint 2

Setpoint 3

Setpoint 4

AIPC Control

Engineer selects 

best model based 

on validation KPI

Model 11

Model 12

Model 

validation

Model 12

Model 12

Model 12

P
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2

P
V

3

P
V

4

PV1‘

PV2‘

PV3‘

PV4‘

Model 5

Model 10

Model 11

Model 12

Model 

update

Automatic 

validation with 

test scenarios

Replace invalid data; 

eliminate abnormal 

operations conditions

Operator initiates 

model update in 

AIPC Control

PV = Process Value

Data Pre-

processing



AOPSTM AIPC Control - architecture
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AIPC continuously improves its performance learning from its own operating experience

CV control variables

e.g. temperatures, purities

MV manipulated variables

e.g. valve position, flow

PROCESS PLANT NON-LINEAR

OPTIMIZER

PREDICTOR

CV set-point

Optimized MV for next step

Historic CV

Historic MV

CV prediction

MV suggestion

Deep learning model used as 

predictor, which is automatically 

updated by historic data

Action strategy 

optimization iterations

CV prediction

plant behavior for 

a prediction horizon

MV suggestion

action strategy for 

a prediction horizon 
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