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Digitalization – what is it?

Digitalization
is the use of digital technologies 

to change a business model 
and provide new revenue and value-producing opportunities; 

it is the process of moving to a digital business.

https://www.gartner.com/it-glossary/digitalization/

https://www.gartner.com/it-glossary/digitalization/
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Digitalization – what is it?

Digital will have a significant impact on many areas of the chemical industry, 
with the potential to change value chains, lead to higher productivity and 

more innovation, and create new channels to market. 

Given all the excitement about digital, it is essential to separate the substance from the 
hype and carefully evaluate what this will mean for the industry.

Digital in Chemicals: From Technology to Impact
A. Klei, M. Moder, O. Stockdale, U. Weihe, and G. Winkler

https://www.mckinsey.com/industries/chemicals/our-insights/digital-in-chemicals-from-technology-to-impact

The use of 
computers & IT

the use of 
computers & IT

The use of 
computers & IT

The use of computers & IT

https://www.mckinsey.com/industries/chemicals/our-insights/digital-in-chemicals-from-technology-to-impact
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Digitalization in the process industries
A practical definition

Data
 Bigger volume
 Wider range
 Higher quality
 More accessible

Computation
 More power
 Lower cost
 More flexibility

Algorithms
 Machine Learning
 Artificial Intelligence
 Meta-modelling
 Data Mining 
 . . . . . . . . . . . . . .

Exploitation of a set of IT technologies

…that have matured over the last couple of decades
…to the point where they can now usefully be applied to practical problems
…across the process lifecycle
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Model-based engineering along the process lifecycle
Impact of digitalization

PROCESS 
OPERATIONS

Detailed 
equipment 

design

Data analysis, 
experiment 

design

Conceptual 
process design

Catalyst design 
and analysis

Design of operating 
procedures

Process 
optimization

Control design & 
verification

Front-end 
engineering design 

(FEED)

Long-term equipment
health monitoring

Soft-sensing

Real-time Optimization
& Advanced Process Control

Operations decision 
supportRun length 

prediction

Troubleshooting

ENGINEERING 
DESIGN

RESEARCH & 
DEVELOPMENT

1. Perform individual tasks better, faster, cheaper
2. Perform tasks that are not directly amenable to first-principles modelling
3. Combine tasks  better solutions, fewer iterations
4. Integrate workflows, automate data transfer
5. Perform tasks that were previously computationally infeasible

Intelligent 
Digital 
Operations
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Towards intelligent Digital Operations
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Intelligent Digital Operations
Model-Based Decision Support & Control Systems

Level 1: Regulatory Control
Distributed Control Systems

Level 2: Supervisory Control
Model-Predictive Control
(linear, nonlinear, economic)

Real-time Soft Sensing

Level 3: Plant Operations Management
Data Reconciliation

Real-time Optimization
Long-term equipment monitoring & forecasting

What-if analysis

Level 4: Supply Chain Planning
Production & inventory management

Multi-plant coordination

Opportunity: exploit
Deep Process Knowledge



Improved quality of results
Reduced cost of deployment

http://www.havenworks.com/world/iraq/maps/iraq-map.htm
http://www.havenworks.com/world/iraq/maps/iraq-map.htm
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Deep process knowledge in online model-based applications
Leveraging the offline modelling investment
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Digital Applications
for 

Process Operations

Monitor

Optimize

D  C  S

Forecast

Pantelides, C.C. and Renfro, J.G., 
“The online use of first principles models in process operations: review, current status & future needs”, 
Comput. chem. Engng., (2012), 51, 136-148.
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A general software platform for model-based Digital Applications

Data Validation Modules

External Data Validation
Executed before each CM

Results Validation
Executed after each CM

Computational Modules

CM 1

CM 2

…CM n

External 
Data 

Server(s)

Raw CM 
inputs

Validated 
CM outputs

Raw CM
outputs

Validated 
CM inputs

External Data ManagerResults DatabaseExecution Monitor

Execution Schedule Manager
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Deployment 
configuration 

info

Digital Application 
Metafile

Digital Application

e.g. plant DCS/historians,
SQL databases, 
web services, dashboards
. . . . . . . . . . 

Plant models, 
developed & validated 
offline

Model-to-data mappings
Data validity rules
Invalid data handling
. . . . . . . .

Execution 
archives

Record of each execution cycle
for offline analysis & 
troubleshooting

Digital Application 
Platform

Digital Application

Specific 
Deployment
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A general software platform for model-based Digital Applications

Data Validation Modules

External Data Validation
Executed before each CM

Results Validation
Executed after each CM

Computational Modules

CM 1

CM 2

…CM n

External 
Data 

Server(s)

Raw CM 
inputs

Validated 
CM outputs

Raw CM
outputs

Validated 
CM inputs

External Data ManagerResults DatabaseExecution Monitor

Execution Schedule Manager Deployment 
configuration 

info

Digital Application 
Metafile

Schedule & manage the execution 
of the various computations

Manage communication 
with External Data Servers

Make sure that any results 
being sent to the outside 
world are valid

gP
R
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M
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d
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gP
R

O
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els

Execution 
archives

Digital Application

Check whether data received 
from outside world are valid –
and take appropriate action 
if they aren’t 

Perform model-based 
computations

Digital Application 
Platform

Digital Application

Specific 
Deployment
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Model-based Digital Applications
based on the gPROMS Digital Applications Platform

Long-Term 
Equipment Monitoring 

& Forecasting

Soft Sensing

Real-Time Optimization

Nonlinear 
Model-Predictive Control
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Online model-based Decision Support Systems
Example: catalytic reactor monitoring, forecasting, optimization
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Ethylene
Ethane
Green Oil

Main Reaction:
Desired reaction
• 𝐶2𝐻2 + 𝐻2 → 𝐶2𝐻4 Acetylene hydrogenation

Undesired reactions
• 𝐶2𝐻4 + 𝐻2 → 𝐶2𝐻6 Ethylene hydrogenation
• 2𝐶2𝐻2 + 𝑥𝐻2 → 𝐶4𝐻4+2𝑥 Green Oil formation

( catalyst deactivation)

Hydrogen
CO

Example

Acetylene converters in olefin plants

Acetylene
Ethylene

Ethane

Key business objectives
• maximize net ethylene gain
• increase run-length

Decision variables
• bed inlet temperatures
• hydrogen addition rate
• CO addition rate
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Configuring the catalytic reactor model 
via off-line process modelling tool

3000

1500

18
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Catalytic reactor
Online model-based Decision Support System

Acetylene Converter 20181112.mp4
Acetylene Converter 20181112.mp4
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Catalytic reactor
Online model-based Decision Support System
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Catalytic reactor
Online model-based Decision Support System
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Catalytic reactor
Online model-based Decision Support System
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Catalytic reactor
Online model-based Decision Support System
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In conclusion…
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Digitalization in Process Engineering
3 key messages

1. Digitalization: it’s not all hype
 New power and capability based on significant recent advances in IT
 Opens new technical opportunities across process lifecycle 

R&D  Engineering Design  Operations

2. Deep knowledge: don’t re-invent the wheel (the hard way…)
 Plant data on their own do not always contain sufficient information
 Make full use of prior scientific & engineering knowledge
 …combined with plant data using sophisticated mathematical techniques

3. General Digital Applications Platforms: necessary and feasible
 Efficient & error-free development of complex applications

 involving multiple communicating model-based computations

 Robust & efficient real-time deployment
 Visualization a key consideration

https://www.gartner.com/en/research/
methodologies/gartner-hype-cycle
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Questions?


