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YES but…
which?

how?

when?
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PIFF
Public Innovation Fund 

for the Future
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Simplified scheme based on the work of 
T. Gutowski et al., and own work
Published in Knack 1857889 (2022)
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All about ENERGY
(and entropy)

http://dx.doi.org/10.1098/rsta.2012.0003
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Ögmundarson et al. Trends in Biotechnology, November 2020, Vol. 38, No. 11
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Technological learning: apples and oranges

Vasilakou K., Nimmegeers P., Thomassen G., Billen P., Van Passel S. Applied Energy 2023: 344, 121263

Location: oranges and … beets

Vasilakou K., Nimmegeers P., Billen P., Van Passel S. Renewable and Sustainable Energy Reviews



detailed and specific
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…to state based

From process-based…

Simplified but generic



Entropy as a state variable
and estimator for energy 
consumption
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𝐻𝐻(𝑋𝑋) = −�
𝑖𝑖

𝑃𝑃(𝑥𝑥𝑖𝑖) log𝑃𝑃(𝑥𝑥𝑖𝑖)

Claude Shannon

Moyaert, C., Nimmegeers P., Mellouk, B., Voordeckers, D., De Meulenaere, P., Billen P. Environmental Science: Advances 2024: 3, 314-331



Entropy at various levels

10

Moyaert, C., Nimmegeers P., Mellouk, B., Voordeckers, D., De Meulenaere, P., 
Billen P. Environmental Science: Advances 2024: 3, 314-331

Nimmegeers P., Parchomenko, A., De Meulenaere, P., D’hooge, D., Van 
Steenberge, P., Rechberger, H., Billen P. Sustainability 2021: 13(6), 3553

Nimmegeers P., Billen P. ACS Sustainable Chemistry & Engineering 2021: 9(29), 9813-9822

Moyaert, C., Fishel, Y., Van Nueten, L., Cencic. O., Rechberger, H., Billen, P., Nimmegeers, P. 
ACS Sustainable Chemistry & Engineering 2022: 10(36), 11719-11725

Geospatial

Multi-product system

Product

Component



Sustainability is also strategy
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Marginal cost of 
chemicals
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the choice

is yours
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QUID INNOVATION?

All about ENERGY
but
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? ?

efficiently becoming a frontrunner



Is Circularity Sustainable?
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 The size of the cycle matters
(a lot) – ENERGY

 Faster decision making 
can be done on the basis 
of energy and entropy

 There is no sustainability if
our industry leaves – ENERGY

 Collaborative efforts and derisking lead to more
efficient R&D roadmaps

YES
but…
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