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Nicholas Georgescu-Roegen 

• Father of ecological economics 

• Ante-litteram advocate of degrowth? 

Inspired the Club of Rome works 

• The first to note that the laws of 

thermodynamics, particularly the second 

law, which emphasizes the irreversibility of 

natural processes, are ignored in economics 



• Defines "flows" (current resources) and 

"funds" (accumulated resources) to be used 

in  economics ➔ sustainability 

• Reintroduces Entropy in economics



“... the viewing of the economic process as 

a mechanical analogue consisting - as all 

mechanical analogues do -of a principle of 

conservation (transformation) and a 

maximization rule.

…

The economic science itself is thus reduced 

to a timeless kinematics” 



“Everything now turns out to be 

just a pendulum movement. One 

business "cycle" follows another. 

The pillar of equilibrium theory 

is that, if events alter the 

demand and supply propensities, 

the economic world always 

returns to its previous conditions 

as soon as these events fade 

out” 

Source: Wikipedia Commons



“An inflation, a catastrophic drought, or a 

stock-exchange crash leaves absolutely no 

mark on the economy. Complete reversibility 

is the general rule, just as in mechanics”

Plastic waste dumping site at Thilafushi, an example of no mark. 

Source: https://www.dreamstime.com



Source: Wikipedia Commons 



MECHANICS VERSUS THERMODYNAMICS

To equate the economic process with a mechanical 

analogue implies, therefore, the myth that the 

economic process is a circular merry-go-round 

which cannot possibly affect the environment of 

matter and energy in any way

Entropy = “entropy as an index of the amount of 

unavailable energy in a given thermodynamic system 

at a given moment of its evolution”



“… to act in accord with a myth is the distinctive 

characteristic of man among all living beings”

Harari’s recipe for humans’ 

success: believing shared 

stories in large collectives



“Thermodynamics a, peculiar branch of physics, so 

peculiar that purists prefer not to consider it a part of 

physics because of its anthropomorphic texture”

“Energy thus came to be divided into available or 

free energy, which can be transformed into work, and 

unavailable or bound energy, which cannot be so 

transformed. Clearly, the division of energy 

according to this criterion is an anthropomorphic 

distinction like no other in science”



“The myth of perpetual motion of the second kind, 

which is that we may use the same energy over and 

over again, still lingers on in various veiled forms”

“Another economic myth is that man will forever 

succeed in finding new sources of energy and new 

ways of harnessing them to his benefit”



Bootlegging entropy 

The danger of linear thinking 

The myth that the price mechanism can offset any 

shortages, whether of land, energy or materials

The fallacy of endless substitution



Substitution within a finite stock of accessible low 

entropy cannot possibly go on forever



NGR on waste:

Robert A Solo [an economist] also asserts that because 

of growth and technology, the present society could

eliminate all pollution … at a bearable cost. It is only 

because of some perversity of our values that we are not 

doing it. That we could devote more effort to pollution 

disposal is beyond doubt. But to believe that with 

nonperverse values we could defeat the natural laws 

reflects an indeed perverse view of reality



“There always was a tension on this subject, as proved by the now famous 
exchange in the 70’s involving Daly (1997a) (1997b), Stiglitz (1997) and Solow 
(1997)”



“The debate - started in 1975–1979 by Georgescu-
Roegen in opposition to Solow and Stiglitz - was about to 
what extent one can substitute capital for natural 
resources in a growth equation, and what role technology 
could play to make this substitution more effective. 

Herman E. Daly… restarted the debate in 1997 in open 
opposition to neoclassic economists, iterating Georgescu-
Roegen’s unanswered critique that one cannot "assume 
that agents of transformation (funds) can substitute for 
the resources undergoing transformation (flows)" (Daly, 
1997a)” 

Herman E. Daly 
(1938-2022)



Some slides courtesy of Professor Charles A. S. Hall 

chall@esf.edu
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More resources from Charles A. S. Hall 

YouTube playlist with all 

videos: https://www.youtube.com/playlist?list=PLpPcX-rwKS6JucZpentitMCH-

2FYvCfgy 

Medium versions with 

transcript: https://medium.com/@alysion42/list/biophysical-economics-

df1b957adb88

https://www.youtube.com/playlist?list=PLpPcX-rwKS6JucZpentitMCH-2FYvCfgy
https://www.youtube.com/playlist?list=PLpPcX-rwKS6JucZpentitMCH-2FYvCfgy
https://medium.com/@alysion42/list/biophysical-economics-df1b957adb88
https://medium.com/@alysion42/list/biophysical-economics-df1b957adb88
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Together with ecologist Howard 
T. Odum, Charles A.S. Hall has 
developed the concept of Energy 
Return on Investment 

EROI assesses the efficiency 
and sustainability of energy 
sources

Howard T. Odum
(1924-2002)

EROI = 
amount of energy produced (or extracted) by an energy source

the energy input required to obtain, process, and distribute that energy



- EROI > 1: An energy source produces 
more energy than it consumes in its life 
cycle, making it a net energy gain.
   
- EROI = 1: Energy input equals energy 
output

- EROI < 1: An energy consumes more 
energy than it produces, resulting in a 
net energy loss.



Example: a mean EROI of 20:1 for wind power 
means that you get ~20 units of electricity in return 
for every unit of energy invested in manufacturing, 
installing, maintaining and decommissioning a wind 
energy system (Hall et al., 2014)

Melgar, Rigo, and Charles Hall. 2023. ‘Energy Return on Investment: A Unifying 
Principle for Socio-Ecological Sustainability’. in Elgar Encyclopedia of Ecological 
Economics. Rochester, NY.

 C A Hall , J G Lambert , S B Balogh, EROI of different fuels and the implications for 
society, Energy policy , volume 64 , p. 141 – 152, 2014. 



“… There certainly are oil shales from which we 
could extract one ton of oil only by using more than 
one ton of oil”



Old (1997) or new debate?



Part of the equation 

Source: https://www.perfectworlddesign.ca/cartoons-and-graphics
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