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Digital twins
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Kritzinger et al., 2018

Verdouw et al., 2021
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Digitalization and digital transformation
Industry  4.0 and 5.0
I5.0 complements the existing I4.0
approach by specifically putting research
and innovation at the service of the
transition to a sustainable, human-
centric and resilient European industry

Nominal GDP driven by digitally transformed and other 
enterprises worldwide from 2018 to 2023

https://www.statista.com/statistics/1134766/nominal -gdp-
driven-by-digitally-transformed -enterprises/



12

2018



13



14



15



16



17

Digital twins
for cyber-biophysical systems
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Controlled Environment 
Agriculture (CEA)
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The challenge of CEA: control is hard

Ǎtubsujoh!uxp!npouit!gspn!opx
Each bush must produce 50 grams of          per week

Maximize crop-to-energy ratio
Reduce waste
Ǎ
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Expressing expert processes


