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Scope and Methods

If Economics is the Science of Scarce Resources, then how can we:
H
Form a unified thermodynamic theory of Natural Capital?
Form a unified thermodynamic theory of Scarcity?

Endogenize the limiting factor in sustainable growth models?

Design regenerative finance for compensating depletion?
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The “Energy Paradigms” of Humanity

T h ° . h . ) ° f
The Energy Paradigm is humanity’s dominant way of energy output
H
. . . . o Industrial
Evolution of Energy Use across Paradigms 350kaBC to 2021AC (TWh) Daily per Capita Power Availability Civilization
® Hunter-Gatherer Paradigm ® Agrarian Paradigm ® Fossil Fuels Paradigm o Ln(Power Avai|abi|ity (](Wh)) At .
1500 5.00 - Modern IT World :
10.00 = 450 A : Industrial . :
= 5.00 ‘§ : Revolution @~
Z 2 4.00 A :
E . ; ; ; ; . e , 0.00 > 350 4 Roman Antiguit R
5; -400 -350 -300 -250 -200 -150 -100 -50 ry 50 ¢ o0 £ = a V " @ Western Europe
& o®® : | 3.00 - ) P (1400 AC)
2 oo’ i -10.00 = Early Agriculture 8
= e®® g 2.50 4 =" Classical Antiquity
o0® P [
°o® 1 -15.00 3 200 - )
e ® g g : Hunters (without g
o0®® ¢ -20.00 < 1.50 Fire).‘__.» =" Hunters (with Fire)
° ® ® | ) = X .
Y L 25.00 8 1.00 1 o y = 0.487x + 0.258
°® -30.00 £ 0.50 4 Gath R?=0.988
atherers
Year [ka(BC-AC)] ] -35.00 0.00 -

Source: Karakatsanis and Mamassis 2023a; doi: https://doi.org/10.3390/land12081603

Georgios Karakatsanis | Energy, natural capital and economic growth | ERE 1-1 | PICO EGU26-13588



The Sustainable Growth Cycle
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Carnot Heat Engines
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Economic scarcity manifests as increasing

pA

% unavailability of thermomechanical work
iy oo due to the 2" Thermodynamic Law via:
3. Natural Capital 2. Natural Capital
Regenerative Finance Depletion (a) The unavailability of very large heat

gradients on the planet.

(b) The irreversibility of the consumption
of available heat gradients.

Source: Karakatsanis 2016; doi: https://doi.org/10.1016/j.egypro.2016.10.018
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Energy Efficiency (What it essentially is)
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Efficiency h=50%
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REX-D Model of Global Fossil Fuels PEU 1800-2080
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Scarcity Rent Financial Engineering
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CSRMs: The emerging Limiting Factor

Reserves to Production (R/P) of Rare Earths (LN scale)
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Data Source: International Energy Agency (IEA) 2024; United States Geological Survey (USGS) 2024
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Learn more about our work!
https://doi.org/10.5194/egusphere-egu26-13588

What Natural Selection is for our planet’s ecosystemes,
R&D is for human societies...

www.ntua.gr | georgios@hydro.ntua.gr

QS www.evotropia.com | g.karakatsanis@evotropia.com
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