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collective brainstorming

● what is a system / complex system ?

● what is a non-living / living system ?

● what is a biological / ecological system?

● are there common principles that govern these systems?

● which is the difference between theory, principles and models?







general thermodynamic theory

● thermodynamic forces and flows, entropy production

● free energy and complexity

● heat engines, Carnot and maximum power limits

● energy transformations and energy hierarchy



thermodynamic flows and forces, 
entropy production 

Prigogine (1978)

Kleidon (2010)



free energy and complexity 

Kleidon (in press)



heat engines, Carnot and maximum 
power limits 

Kleidon (2016)



energy transformations and energy 
hierarchies

Kleidon (2016)



energy system language & models

● stock-flow formalism

● growth, self-regulation and stability

● competition for maximum power and evolution

● ecosystems, complexity and energy hierarchies

● systems



stock-flow formalism



growth, self-regulation and stability

Odum (1970, 1983)



competition for maximum power

Odum (1983, 1988)



ecosystem, complexity, energy 
hierarchy, evolution



ecosystem, complexity, energy 
hierarchy, evolution



ecosystem, complexity, energy 
hierarchy, evolution



systems

Odum (1970) Liu+ (2021)



cancer ecology and evoution
malignant
normal

Conte+ (in review)



cancer ecology and evolution



cancer ecology and evolution



population ecology and 
environmental change

Leo, Modelli di evoluzione di Biston Betularia in risposta alle emissioni inquinanti nel Regno Unito 


