
L.P. Csernai 1

What will the Future  contain? 
Questions of energy supply.

Laszlo P. Csernai, 
University of Bergen, Norway NorSAC, July 29, 2015



Interdisciplinary Connections

 An interesting, not too old and still relevant example
Statistical Physics  The development or the death of humanity
- Stat. Phys. is applicable to any system: physical, biological, geological, social
- In a closed system all changes lead to Entropy increase (  decreasing 
complexity,  the Earth would loose all structures, living species, plants, building, 
etc. only ashes and smoke would remain.) 
- This problem was solved a few decades ago   

(The Club of Rome ~ 1960s): 
The Earth is not a closed system, 
energy/ heat,  dQin , is coming from the Sun, and as the Earth does not heat up 
too much (in the past many thousand years) about the same amount of heat is 
radiated out by the Earth,   dQout ≈ dQin .
The change of the entropy of a system is:              dS = dQ / T  ,
so the change is   dSEarth =    dQin / TSun - dQout / TEarth <<  0  ,  i.e. negative.   

6000 K              300 K
 The Earth can develop, may become more complex  …
 The lifetime of a developed Species:  tlife ≈  S0 / dQmetab. 



Present & Future Developments

 Energy, Energy supply, Energy sustainability, Stability of the supply are in focus
 in society politics, stability, economic stability, War and Peace, …
- very complex system with interactions both ways
- e.g.  NordPool-Spot :  financial stability 

e-supply stability (fluctuations)
- Complex mathematical modeling and stability 

analysis are possible!!!

 Optimization of electric and or energy supply
- energy conversion, wind power, photo voltaic, transport, electric cars, coal, oil, 
nuclear, gas, power plants, energy storage, export, import, (1st just on physical 
basis, Laws of Nature)  - then, subsidies, taxes, financial markets, political 
interests … (2nd More complex) - Who should pay and how much.

 The same type of dilemma , subsidizing electric cars: how much?, how long?  Is it 
really environment friendly?, is it climate friendly?  Who should pay for it and 
why?

http://www.mavir.hu/web/mavir/aktualis-ver-adatok

http://www.mavir.hu/web/mavir/frekvencia

http://www.mavir.hu/web/mavir/rendszerterheles



Energy Balance
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Wind Energy
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Energy Supply

• Germany,  intermittent renewables storage
– Environmental problems

• Water energy
– (i) Dams are needed for energy storage
– (ii) Water is needed for food and agriculture  dams
– (iii) Dams are needed to prevent floods
– (iv) Dams are needed for reliable shipping
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Energy in/from Norway

• Consumption ~  120 TWh / year  13.7 GWav
(max inst. 25 GW)
price: ~  10 eurocent / kWh for household

• Connections 

• Storage

• Etc.   
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http://www.statnett.no/Drift-og-marked/Data-fra-kraftsystemet/Fyllingsgrad---per-prisomrade/

http://www.statnett.no/Drift-og-marked/Data-fra-kraftsystemet/Nordisk-kraftflyt/

Nordisk kraftbalanse:

http://www.statnett.no/Drift-og-marked/Data-fra-kraftsystemet/Nordisk-produksjon-og-
forbruk/

Norge Import og eksport:

http://www.statnett.no/Drift-og-marked/Data-fra-kraftsystemet/Import-og-eksport/
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Launched on Nov. 13, 2014
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Present & Future …  Contd.

 Climate gases, CO2 (assuming that it leads to Global Warming): Who should pay 
for it?
Who should receive these payments?  Those should pay for it who burn the oil or 
those who sell it and take the profit?

 What kind of natural science research should one do?
- applied sciences – the costumers should pay for it (not public funds,  but?)
- fundamental sciences – who should decide?,  How long, and how much, if it 
does not lead to success?

 Climate Science ….
 Cold Fusion …
 Fusin for energy production  ------
 Fission, why is the radioactive waste

is not destroyed (“burned”)
 Radiation therapy, is it too expensive

for society??



Complex system instabilities
 “Phase transitions”  Critical fluctuations  In society:

 Black out  - the collapse of electric supply
 Market Crash  

- the collapse of financial markets
 Transaction or Tobin Tax  !!! ???
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Pb+Pb 1.38+1.38 A 
TeV, b= 70 % of 
b_max
Lagrangian fluid cells, 
moving, ~ 5 mill. 

MIT Bag m. EoS

FO at T ~ 200 MeV, but 
calculated much longer, 
until pressure  is zero for 
90% of the cells.

Structure and 
asymmetries of init. 
state are maintained in 
nearly perfect 
expansion.

PIC-
hydro

..\zz-Movies\LHC-Ec-1h-b7-
A.mov

ATeVA TeV

[ Csernai L P, Magas V K, 
Stoecker H, Strottman D 
D, Phys. Rev. C 84
(2011) 024914 ]
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KHI 

ROTATION

KHI
2.4 fm

PIC method !!!



Α New ΑΕ Knowledge Hub

http://acadeuro.b.uib.no/activities/



The Bergen Computational Physics Lab
http://folk.uib.no/csernai_lp/Sci-Policy/BCPL/1-BCPL-Review.html

( 2000-2004 )
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Summary

• Critical and Complex processes in natural 
sciences

• Critical and Complex processes in society
• These two may even interact   NordPool-

Spot
• Quantitative and Accurate verifiable studies

Thank you
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