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What is the system we are talking about?

Glucina et al.  2010
Hall et al. 1986 Berg et al. 2015

Perpetual motion et al...



« Celui qui croit qu'une croissance exponentielle peut 

continuer indéfiniment dans un monde fini 

est soit un fou, soit un économiste. » 
Kenneth E. Boulding, cité dans Jump the Curve (Jack Uldrich, 2008)



Few words of  history



Economics IS Mechanics!...............?

… and Herman Laurent wrote to Léon Walras….
(about the integrability of the model)



From Gibbs to Samuelson



Similar to Thermodynamics: Von Neumann 

….Who’s who?



When Schumpeter meets Onsager and Prigogine



The Roegen assumption: « matter matters too»

The far out of equilibrium 
assumption is ok, 

but 
there is no need of a fourth 
thermodynamics principle 

for matter.





When Matter matters



The Meadows report (1972)

https://www.alternatives-economiques.fr/previsions-rapport-meadows-se-realisent-0102201988382.html





https://hal.science/hal-02332485/document

Solow  1973:

Stiglitz 1974:

Solow & Stiglitz: Thermodynamics fisrt law: yes, second law:  ?

If  a>b then the productivity of  resources Q/R can tend towards 

infinity and the economy can continue to grow:

• Through capital accumulation and K-R substitution (Solow)

• Through technical change l (Stiglitz)



(Stiglitz 1974)

The fact that natural resources are limited and necessary for 

production does not necessarily mean that the economy must 

eventually stagnate and then decline. Two countervailing forces have 

been identified: technical change and capital accumulation. Even in 

the absence of technical change, capital accumulation can 

compensate for the effects of declining natural resource inputs, as 

long as capital is 'more important' than natural resources, i.e. the 

share of capital is greater than that of natural resources. With 

technical change, at any positive rate, we can easily find paths 

along which overall production does not fall.



But what do we mean by production  Q ?  





Matter, Thermodynamics & economy



Equilibrium thermodynamics: Callen approach



General structure



Thermodynamics



Economics





Partial conclusion: There may be economic materials

1. Economics do not have the structure of  thermodynamics. 

2. There is no problem with doing local optimization…until we don’t claim it is GENERAL.

3. There is no fundamental equation for the economy, nor variational principle (hopefully)

4. There is no ergodicity.

5. T, P…are emerging properties, are there any in economics? 

GENERAL EQUILIBRIUM

And….Economic systems are not equilibrium systems!

Commodity space



Can we extract some « Thermodynamic categories »

• Conservation laws (no full substitutability)  

• Non conservation of  some physical quantities (utility...)

• Difference between extensive (quantity: matter, energy) and intensive (quality) physical quantities  

• Intensive physical quantities are the potentials from which we can derive forces∙

• Intensive physical quantities are the potentials that give a possible measurement of  quality∙

• There is NO economic entropy but we can consider quantity and quality approach∙ 

• Give up any full thermodynamic paradigm (Integrability, Equation of  state...)  

• Time does matter BUT, there is no variational principle in out-of-equilibrium systems



Hall et al. 2006

We almost all agree with this, but…





Distinction between  Physical & Ecomonic cell 















Iterative procedure







Physical exemple: low level recycling



Physical exemple: high level recycling






