
Automate engineering processes at scale

Automate engineering processes at scale

Hybrid Digital Twin for monitoring 
and tuning gas treatment unit
pSeven User Conference 2023| Oct. 18th 

23.10.2023 © pSeven User Conference 2023

Laurent CHEC, Datadvance SAS
laurent.chec@pseven.io

Bruno Trebucq, CGI France
bruno.trebucq@cgi.com



© 2023 CGI Inc. 2

Innovation Center Industry 4.0 in Toulouse

Ideation Experiment Industrialization

An immersive journey structured around 8 key issues 

Innovate with CGI to meet your strategic priorities !

07

Digital Twin

01
Real time monitoring

02
Data Continuity

04
Robotic Process Automation

03
Augmented Worker

05
Process Mining

06

08
Cybersecurity Computer vision



Automate engineering processes at scaleAutomate engineering processes at scale

Innovation Center demonstrator

On-line monitoring 

of production unit
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on-line monitoring of production unit

Digital Twin

Digital Twin

Monitor
• Detect anomalies 

(fooling)
• Use virtual sensor 

(fooling factor)
Maximize profit

• Optimize production 
asset settings

• Reduce energy 
consumption

Control maintenance costs
• Decide when to trigger 

maintenance 
operation

• Reduce down time

Distillation process

• Heat exchanger – to condensate the gas fraction from 

the column and partially return to column (reflux flow) 

for deeper separation.

• Reactor – to mix and 

process the initial 

mixture.

• Column – to distillate water from 

key product (propylene glycol)
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▪ Hybrid digital twin combines the benefits of simulation and 
machine learning.

▪ Simulation models can be used directly (or exported from 
specialized software, for example in FMU/FMI format).

▪ Adaptation of simulation models to real operational data 
without the involvement of engineers to manually fine-tune 
simulation models. ML models embedded into simulation 
models.

▪ Building models using machine learning methods based on 
operational data and/or synthetic data obtained from 
simulation models.

▪ Re-training of ML models is carried out constantly, allowing you 
to give relevant recommendations when changing operating 
modes.

Hybrid Digital Twins
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Hybrid digital Twins 
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Predictive Modeling

Optimization
Decision 
Making

Lab Data

Process & Chemical Modeling SW

Process Data

Business data

Feed and 
Products qualities

Process data from 
the field

Feed and Product 
cost

Low-code environment to 

create, deploy and manage 

Digital Twins at Scale

Effect estimation
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Building Hybrid Digital Twins
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Sim model

Hybrid Sim/ML models

Telemetry data

Workflows to: 

• Connect/Integrate 

data between 

platforms and tools

• Perform Simulation 

models,

Data-based ML 

models

• Do approximation 

and optimization 

tasks as a service

Planning 
&

Scheduling 

Predictions  & 
Recommendations

Actions
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CGI Innovation Center demonstrator: on-line monitoring of production unit

Heat exchanger unit 
subject to clogging!

Clogging = performance degradation. 
More energy required to maintain quality
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Data streamed
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Measured VS predicted
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Operating scenario

Stages

1. System monitoring and alerts

2. Digital Twin automatic recalibration

3. Optimization of unit parameters due to operating condition changes

4. Operator triggers maintenance operation at the right time
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Stage 1 : monitoring and regular re-simulation for new conditions

1
1

Alert

Check prediction 
quality and 
automatically trigger 
model recalibration 
when needed.

Operator can also 
enforce recalibration.

Parameters observed and tuned by operator:
- Controlled parameters of unit
- Measured by sensors
- Predicted by Digital Twin (includes virtual sensor)

Goal: provide the simulated results to compare with 
data from sensors to control the current accuracy of 
simulation model 
Accepts: data from asset (sensors and controls) + 
current value of fouling factor
Results: predictions for process output parameters, 
penalty energy due to current fouling factor value and 
difference for condensation temperature. 
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Monitoring and alert

DATADVANCE confidential - do not distribute under any 
circumstances

12

▪ Values are available in the dashboard. They include control parameters (settings of the unit, affecting the 
performance), measurable parameters of the unit (i.e. sensor values such as temperatures and pressures) and 
calculated values (coming from Digital Twin). The pSeven Enterprise workflow is automatically triggered after 
new data from sensors arrives, to get the expected simulated parameters for the measurements.

▪ Inputs from the dashboard (Splunk) to be used by simulation are processed by the Inputs block.

▪ The re-simulation of DwSim is managed by the Run DWSIM block.

▪ The goal is to ensure there is no huge discrepancy and the simulation model is accurate so that parameters in 
the model (even unmeasurable ones), are close to real. The Post block is used to compute the discrepancy.

▪ Operator (engineer) sees an alert from dashboard when the discrepancy of condensation temperature is higher 
than one degree K(°C) due to the thermocouple sensors error. 

Monitoring is handled by following workflow:

▪ If the discrepancy violates the limit, Splunk triggers the calibration with a second workflow.
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Stage 2: Calibration of the model triggered by threshold discrepancy with 
reality

1
3

Alert

Fouling factor 
indicates the 
equipment clogging

Operator is informed about:
- Digital twin was calibrated (updated to reflect actual state)
- Fouling factor was updated (also used as a virtual sensor)
-   Additional cost to maintain production under current condition 
updated to support decision making

Goal: provide new estimation for current value of 
fouling factor to match simulation and reality (“virtual 
sensor”). 
Accepts: data from asset (sensors and controls) 
Results: new estimation of fouling factor + penalty 
energy for new value of fouling factor
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Model recalibration
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▪ Recalibration workflow is triggered automatically while 
the condensation temperature discrepancy violates the 
threshold.

▪ The workflow runs an internal optimization study to 
minimize the difference between real and simulated 
output (condensation temperature value) for current 
conditions by changing the fouling factor in the model. 
Once the model provides the results, equal to real, the new 
identified fouling factor is returned to Splunk.

▪ In the end, dashboard shows that prediction is matching 
measurement again.

▪ The new value of fouling factor will be used for new 
monitoring simulations until next calibration will be 
triggered.

▪ Together with it the energy required to maintain 
production with this level of fouling is also displayed (the 
higher the fouling, the more energy we need to spend to 
overcome its effect) – this additional energy consumption 
may be an implicit indicator to decide to clean the system.
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Operator dashboard
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Stage 3 & 4: On-event/on-demand process optimization and predictive 
maintenance

1
6

Based on evolving operating conditions 
(environment like T° in ex. or energy cost), 
operator can request unit parameters 
optimization based on target function like 
price margins.

When margin, or predicted margin, doesn’t 
satisfy economical requirements anymore, 
maintenance operation can be triggered.

→ Maximize profit margins and reduce 
downtime 

Goal: provide estimation for control values to achieve 
maximum economical performance in current 
conditions.
Accepts: data from asset (sensors only) with current 
state of external and operating conditions
Returns: recommended values for control parameters, 
expected output values and expected revenue.
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Asset control parameter optimization
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▪ In any given conditions, operator engineer may like to optimize performance of the unit with 
respect to control parameters.

▪ After trigger from the operator engineer, the model updates with actual data from the latest 
calibration and optimization workflow runs.

▪ After optimization workflow is executed, dashboard shows the recommended values and 
expected target values if such controls will be applied.

▪ Target function is economical : energy price *energy consumption.
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Operator dashboard
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Data sources

API

Operational Predictive 
Maitenance

Production Forecasting Digital Oil Field …
Business Apps

Data Preprocessing

Exploratory Analysis
Model Development Advanced 

Algorithms / AutoML

Feature Engineering

Model Lifecycle 
Management

Model deployment

Automation
Orchestration

Sim/ML Studio

Virtual Data Lake

Data Reporting

Object Models Data Governance

DevSecOpsData Integration

Infrastructure for Operational Digital Twins

22

Optimization
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Conclusion

▪ Production unit monitored 24/7

▪ Reliable prediction of unit health thanks to constantly updated Digital 

Twin

▪ Hybrid Digital Twin leverages models built by engineering teams

▪ Down time reduced

▪ Profit maximized
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THANK YOU

pseven.io
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