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Interdisciplinary Connections

O 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, CLUB OF ROME

energy/ heat, dQ;, , 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, dQ,, = dQ;, .

The change of the entropy of a system is: dS=dQ/T,
so the changeis dSg.,, = dQ;,/ Tgy, -dQ.ui/ Teay, << 0 , i.e. negative.
6000 K 300 K

=» The Earth can develop, may become more complex ...
=» The lifetime of a developed Species: t;, = S,/ dQ,ctap-



Present & Future Developments

O Energy, Energy supply, Energy sustainability, Stability of the supply are in focus
<=2 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

ana IyS | S are pOSS| b | e ' ' ' http://www.mavir.hu/web/mavir/aktualis-ver-adatok

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

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

O 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, (15t just on physical
basis, Laws of Nature) - then, subsidies, taxes, financial markets, political
interests ... (2@ More complex) - Who should pay and how much.

0 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?



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

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

Storage

Etc.

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

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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Shale gas extraction: issues
of particular relevance to the
European Union
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Issue 1. Implications of population density and
water usage

e Some early hydraulic fracturing schemes used
in the USA were only acceptable in remote
locations because of potential impacts on more
highly populated communities. However, the
latest multi-well drilling pads and horizontal
drilling techniques, such as those used in
Pennsylvania (which has a population density
that is similar to parts of Europe), offer a
potential extraction area of 1047 or more
from one pad, reducing surface land use area
accordingly. This reduces the impacts on local
communities of noise and of transporting
construction equipment and materials. Schemes
using the latest technologies therefore cause less
impact in areas with a high population density
and are now a working practice in the USA, even
in densely populated areas.

R = 450 km?
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This dacument and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city o anea.

Figure 1T Unconventional gas resources in Europe (source: International Energy Agency 2012).
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e Best practices for ensuring ‘'well bore integrity’
and thereby minimising methane emissions
during construction and production are well
known. Similarly, best practices for ‘green
completion’ to capture and manage methane
and other gases emitted from flow back water
during the extraction process, and for long-
term sealing of abandoned wells, are also
available. The implementation and monitoring
of such best practices should be made
obligatory when licensing and regulating shale
gas extraction activities.

Conductor casing

- Cement

Surface casing

Intermediate casing
Cement

— Cement
Production casing

Figure 3 Cementing and wellbore integrity
(source: Royal Society and Royal Academy of

Engineering (2012)).
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Present & Future ... Contd.

O 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?

O 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?

O Climate Science ....

0 Cold Fusion ...

O Fusin for energy production ------ -

U Fission, why is the radioactive waste
is not destroyed (“burned”)

U Radiation therapy, is it too expensive
for society??




Complex system instabilities

O “Phase transitions” - Critical fluctuations = In society:

O Black out - the collapse of electric supply 7] —
O Market Crash
- the collapse of financial markets 0|
O Transaction or Tobin Tax !l ?7?7?
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The Quark-Gluon Plasma,

a nearly perfect flu

1 L. Cifarelli’, L.P. Csernai” and H. Stocker
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Kelvin-Helmholtz instability in high-energy heavy-ion collisions

. : y Pb + Pb
L.P. Csernai?®, D.D. Strottman?®. and Cs. Anderlik? 158 2 1 63 & ToALB
: ; .

PHYSICAL REVIEW C 85, 054901 (2012) .
arX1v:1112.4287v3 [nucl-th]
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FIG. 1: (color online) Growth of the initial stage of Kelvin-
Helmholtz instability in a 1.384 + 1.384 TeV peripheral,
b = 0.7bmax, Pb+Pb collision in a relativistic CFD simu-
lation using the PIC-method. We see the positions of the
marker particles (Lagrangian markers with fixed baryon num-
ber content) in the reaction plane. The calculation cells are
dr = dy = dz = 0.4375fm and the time-step is 0.04233 fm/e
The number of randomly placed marker particles in each fluid
cell is 8%, The axis-labels indicate the cell numbers in the
and z (beam) direction. The initial development of a KH
type instability is visible from ¢ = 1.5 up to t = 7.41 fm/e
corresponding from 35 to 175 calculation time steps).
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Mission Statement - Members

NEWS
Oct. 09, 2014: FAZ-20141009-Strompreis_verdoppelt (Frankfurter Allgemeine Zeitung)

Aug.05,2014: WSJ_20140815_Energy ( The Wall Street Journal)



The Bergen Computational Physics Lab

(2000-2004 )

http://folk.uib.no/csernai Ip/Sci-Policy/BCPL/1-BCPL-Review.html

The Bergen Computational Physics Laboratory

The Bergen Computational Physics Laboratory (BCPL) operated an EU Research Infirastructure in Framework Program 5 (FP5), which provided Transnational Access to more than 100 researchers in
the EU, using the SGI CRAY and IBM Power 4 supercomputers of the University of Bergen. It was operated by Unifob, by the theoretical and computational physics staff of the Physics Department of
the university and by the computational science staff of Unifob.

Parallel to the BCPL activity the university hosted also a Marie-Curie Training Site with large number of students from all over Europe, to support education at the level of doctoral studies. This
training program used the same facilities, and the synergy of the research and educational activities were highly appreciated. Local newspaper articles have frequently reported about the activity of
BCPL. [UhU-avis-2001-BCPL.pdf] [ph-16-00-2000.pdf]

The operation started with an EU FP3 grant on Jan. 1st, 2000, and have received three large EU grants amounting to 823 000 Euro. [BCPL-ari-TR-3.doc]

Starting from January 2000 BCPL has accepted and completed near to 70 research projects for EU scientists. BCPL has held yearly user meetings at ECT* in Trento Italy. another EU Research
Infrastructure for Theoretical Physics. Here BCPL gave scientific reports about its activity and achievements. [Bepl-Rep-02.pptx] [BCPL-Rep-Trento03.ppt] [Rep-d02.ppt]

Our projects were spreading over particle, high and low energy nuclear, atomic, plasma and molecular ..
physics, and extending to related fields in astrophysics as well as abstract statistical physics problems. The last 1 Future Plans:
EU financed projects were completed in 2004. Most projects belong to BCPL’s core activity of reaction
modeling in different areas of physics, but several applied physics projects were also hosted, e.g. on

optimization of nuclear reactor core burning out cycles, nuclear waste management, or on marine gas turbines

designed at Rolls-Royce in Hodvikneset near Bergen. &5 _" P
[ |
This was one of the first large scale EU projects at the University of Bergen at the time. Subsequently the EU i [
financing was decreased, the financing for large scale EU physics and computational research was separated 3 A 2K
and EU Integrated Infrastructures were coordinated from other countries. Thus high energy theoretical and ' % f '
computational physics is now supported by the EU Hadron Physics projects (by 10-15 mill. Eur. grants), but . Hgh N\,
the Bergen share of these projects are small compared to the previous BCPL activity. ampme  comprucs e
The Scientific reports of BCPL: [Scientific_rep-2001.doc] [Scientific_rep-2002.doc] [Scientific_rep- ! s et ORENAY = S —
2003.doc Main '
The final assessment of BCPL's activity was exceptionally positive from the EU's International Evaluation E Rolls- 8 Ut Trtne S
Panel: [Tech-Rev-Access-00094-00163-2003.pdf] Y N-5811 Bergen, Norway

Tek +47 55536450 Fax: +47 5553 6060



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
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