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Mass production
Mid C19th - mid C20th

Mechanisation
Late C18th - mid C19th

Machines replace animal
and manual labour -
steam engine, cotton mill

Electrification, mass
manufacturing, machines
and processes
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Digital revolution
Mid C20th - early C21st

Hyperconnectivity and
machine intelligence

Analogue to digital Early 21t -

technology, PC, internet Convergence of digital
and ICT and physical worlds -
embedded technology,

Al, big data analytics,

robotics, loT, BioTech
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Digital Twin Business Applications

Asset Performance
Management

Equipment
Health Management | Optimization

Reliability | Maintenance | Operational
Flexibility

Operations Business
Optimization Optimization
Thermal Dispatch Outage Portfolio %ptirnal
Performance | Optimization | Management | Planning uige
Planning
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Reactions Descriptions Models

Two competing

VM+Char—COAL DE volatilization .
reaction model

Gaseous combus- | Eddy dissipation
tion model

Gibb model

VM+0,-CO,+H,0

Char+0, —CO, Char oxidation

Char+ CO, —2CO Char gasification Gibb model

Char+ H,0 —-CO+H, | Char gasification Gibb model
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