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Sustainable development

 World-wide prime issue of politics - UN, EU, etc.

Increasing population, demand for goods, energy, etc.
On Earth: Finite territory & material reserves !
Can this continue with increasing living standards ?77?

* Brundtlad Commission (1987):

“Sustainable development is development of the that
meets the needs of the present without compromising the
ability of future generations to meet their own needs.”

« Different implications = :

Different political goals (e.g. some Green parties interpret
and use the word “Sustainability” without Development.
This is a fundamental mistake, it means back to the Past,
l.e. against development.

Not a new question, it existed in diff. forms for more than a
century !
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Sustainable Development

Our material resources are finite on the Earth ‘
The surface of the Earth is given and finite &
The energy supply to the Earth and from the Earth are

P b
(N}

approximately equal, Not Decreasing !

Still there is a clear and obvious development, which is
sustained by now for many thousands or millions of
years. .

How is it possible and how can
this be assessed quantitatively ?

Increasing Complexity =
Decreasing Entropy
Erwin Schrodinger (1944)




Sustainable development
Increasing complexity

* Can be measured by ENTROPY

* The Entropy as a concept of assessing

development was introduced in the
book:

* [3]"What is Life? - The physical Aspect of the Living Cell” by Erwin
Schrédinger, : Based on Lectures delivered under the auspices of the
Institute at Trinity College, Dublin, in February 1943. (Cambridge
University Press, 1944)

e [4] L. Pénzes and L. Csernai: Uber den Zusammenhang von Lebensdauer,
Konstitution und Information, Z. Alternsforschung, 35/4, 285-296 (1980).
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Order, Disorder and Entropy

* ORDER based on ORDER [3, s55]

The laws of physics as we know them, are statistical laws. [Quantum
mechanics] They have a lot to do with the natural tendency of things
to go over from ORDER to DISORDER (Boltzmann’s H-theorem).

"Life seems to be orderly and lawful behavior of matter, not based
exclusively on its tendency to go over from ORDER to = DISORDER,
but based partly on existing order that is kept up.” ( Thermal systems)

But there are systems (“mechanical”) with a tendency to go over
from ORDER to = MORE COMPLEX ORDER.

"The living organism seems to be a macroscopic system, which ...
approaches a purely mechanical conduct, ... and the molecular
DISORDER is REMOVED."
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The Earth is an open system

- In a closed system all changes =» Entropy increase:
decreasing complexity, loose all structures, living species, plants,
building, etc. only ashes and smoke would remain.

- The Earth is not a closed system,
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, sothe
change is:
dSc,., = dQ,./Tg,, - dQ,,:/ Tegey << 0 , i.e. Negative !

6000 K 300K

=>» The Earth can develop, may become more complex \ planets?
=» Water in 3 phases =2 ~ constant T ~ complex molecules
=» The lifetime of a developed Species: t;, = S,/dQ

metab*
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Is the entropy uniquely defined ?

* There is a confusingly large number of not
compatible entropy definitions:

* Boltzmann, Gibbs, Shannon (1948), Edwards,
Kérner, Rényi, etc.

* There s little intent to create a unique and
measurable entropy definition. Different
subfields are using their definitions and the

applicability is confined to these types of
systems.



Material Ap Np op S1kg

(mol /kg) (J/K)

H, 2 496.046 14.146 58344.0
Entropy of He 4 248.023 15.186 31316.1
, HO 18  55.116 17.442 7993.0
materials [2] H,O* 18  55.116 17.988 8243.0
Rn 222 4.469 21.211 788.1

WFs 298  3.329 21.652  599.3

UFs 352  2.818 21.902 513.2
C60 720 1378 22.975  263.2

_ 5 (2rmpc2kgT)3/2
Sixve = Npkp |=+1In|{ - , :
Hhg pB [2 ( np(2mhc)3

Thermodynamical parameters of 1kg material in different forms
approximated as ideal gases, depending on the mass numbers, A, , of the
particles. 1kg material contains different numbers of particles, Ny, and this
number is decreasing with increasing A, . The total entropy of the material at

the used T = 300°K and p = 1bar, is also decreasing with increasing complexity,
l.e. increasing A,.



Network or Topological Entropy 2

* 3 Phase space entropy (J/K) & configuration entropy (dimesionlless)
 How to take into account both entropies ? (Diff. Dimensions ?7?)

e Defferent degrees of freedom:
(1) phase space (2) spave configuration (dim. less)

* The Boltzmann-Gibbs entropy per particle (molecule):

H(X)=0p = AB \p :—Zp In p;

* Probability to be in a phase space volume element (dim. less)

* Then the entropy density is: p; = (2wh)” f(x, p)
(1‘31)

s(x) = — j—p uy f(x,p) [In((27h)° f(z,p)) —1]

and this leads to the Sackur-Tetrode formula in case of equilinbrium.
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Network or Topological Entropy 2

* Then the arising specific entropy for one molecule is

'S'
ph.s. _ _ Plln p? — 1]
op =1 = p;|Inp; —1
BNp :
i€ ph.s.
 We can now add up the soec. entropies for all d.o.f.:
_ conf. , _ph.s.|__ c c P 1 P 1]
op =0p Fop T lE — ps In p§ — p; [Inp; — 1].
ie conf. i€ ph.s.
Material Ap Np op Sikg
(mol) (J/K)
H, T 992.092 13.106 108111.7 ) ] S
H, 2 496.046 14146 58344.0 Entropies of a particle and of 1kg material in different
Hs 3330607 14754 405683 topological approximated as ideal gases, depending on
HSY 3 330.697 15.101  41521.2 . . .
H 3 330607 149070 411616 the massnumbers, A, , 1kg material contains different
H, 1 248023 15186 313161 mol-numbers of particles, Ny , and this number is
H® 4 248.023 15282 31513.5 : T : p
H L oisos 1oame  ai01n, decreasing \{VIth |nc_rea5|_ng_ AP-. The specific en-tropy of
a4 208023 15386 317205 the composite particles is indicated by the dim.less
o 4 248.023 15550  32066.8 (h; c; k. = 1) P.. The total ent fthe 1k terial i
H 4 248.023 15550  32066.8 » G Kg = - Ihe total entropy o € 1Kg material 15
HP™ 4 218023 15423 318048 decreasing with increasing complexity.




Physical & Configurational Entropy 2

* Notice that we needed the QUANTIZATION of
the physical phase space to obtain a unique
value for the physical entropy.

* For physical degrees of freedom and materials
this is always possible.

* |n highly complex systems where quantization
is not obvious, e.g. biology, technology,
society, the precise evaluation of entropy
relations may become problematic.



Entropy of phases i

Entropy (J/K) for 1kg water

* E.g. Water 12000
10000
8000

6000
2000

-20 0 20 40 60 80 100 120
T(°C)

Entropy of 1 kg of water at different temperatures, with all three phases, ice, water and
vapor, with two phase transitions at 0 and 100°C. The reference point is taken at T =
100°C liquid water, with entropy of S1kg = 4430.01 J/K, where the phase transition to
vapor with a latent heat of AS1kg = 6065.55 J/K, leads to a vapor entropy of S1kg =
10495.56 J/K. Using the water heat capacities we reach the phase transition between
water and ice with water entropy of S1kg = 3122.92 J/K and ice entropy of S1kg =
1900.15 J/K.



- Entropy of Matter

58344 H2 i.g.
31316 He i.g. H20O 10495-1900
Rn 788
UF6 gas 513
C60 'gas’ 263
ARS2 . el 720 . \Es8
- Smallest
DNA \b._1 8E-96105 " bacterium
ps 1.8E-
\s.c. 1.86-223191 160 000
base pairs
Candidatus Carsonella ruddii (CCr)j cell 1.0E-1000000
0.1 1.0 10.0
log(Ap)

Human genome 3.2 10° base pairs S-1kg (J/K) = 1.0 10 — 1000000000

Human nervous system x 10* more complex =» even smaller S
[L.P. Csernai, et al., [2]
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Higher levels of complexity

In animals and humans an additional very large
contribution to complexity comes from the nervous
system.

In humans there are about 10! neurons with up to
103-10° synaptic junctions. The number of junctions
can be as large as N= 10%4-101'

These are non-quantized, analogue couplings, thus
the number of possibilities may well exceed 2N
possibilities. Changing. Selection of realizable
configurations is highly problematic.

Life expectancy of different species is analyzed based
on this complexity in ref. [4]



Human Constructions

* Material constructions, can be evaluated just as
biological materials. Human constructions are
of lesser complexity up to now.

* Functioning, principles and technologies
contribute to entropy, however, quantization
may be problematic.

* Organizations and structures in society are not
quantized, and selection of all configurations as
well as selection of all realized configurations
are problematic. Entropy and complexity may
be changeable.



Sustainability & Energy
UN EU

70. General Assembly, September 2015 Energy Union - 2015
In 2009 the EU presented an attractive plan,

7. Goal on Energy how the European energy supply system can be
united to the advantage of the whole EU, with,

Secure access to affordable, deploying ,New” renewable energies.

reliable , sustainable and modern energy These imaginations did not foresee that these

strongly subsidized renewables will lead to not

for all.
expected problems.

- Increase the proportion of renewable
energies in energy supply.

- Douple by 2030 the energy efficiency in
rnergy production

- Nuclear energy is directly NOT
mentioned, but Modern energy
resources are mentioned frequently.

=» EASAC: 2015-17 program



Energy Supply

Most of our available energy comes from the SUN ,
- this is nuclear fusion (high T - low S!):
« All “renewables”. solar, PV, water, wind, bio, photosynthesis,
etc.
 All fossil: coal, oil, gas, wood,

Gravitational: Tidal power

Nuclear:

* Fission (very small amount of fuel for unit energy!)
* Fusion (even smaller amount of fuel)

« Radioactive: Geothermal, (Hot springs)

Entropy: Low S in (T=6000K) — High S out (T=300K) =>» Cox.

Schrodinger - Energy supply: Highly complex system, difficult to
guantize, difficult to assess what is optimal.
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Energy Consumption

World Energy Consumption
ED'D -
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E & Nuclear
> 400 -
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% iis «oi but it is replaced by a new source.
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Deutschland als Vorbild

100% case = All load/demand is supplied by wind & PV

2015: 41 GW ohshore wind ~ 26000 wind converters

100% case: 176 GW Too |
expensive

100% casa: 57 GW Not
sustainable:
—> Entropy
Increase
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power (MW)

Intermittent Energy Supply (Wind & PV)

210°
1,510°

110°

The week with the largest
Surplus: 26.3.t0 1.4.2012

5

210

1.510°

power (MW)

The week with the largest
back-up: 12.-18.11.2012

-
-
-

' L

b
-

= load
110°

—

B wind
PV

o back4up A

Mo Di Mi Do Fr Sa So

Back-up ~~~ Brown coal ?? (fire is kept on!)
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Energy supply mix - Germany

[ https://www.energy-charts.de/power.htm ]

@ Stacked

QO Expanded @ Import Balance @ Conventional > 100 MW ¢ Conventional > 100 MW planned ¢ Wind = Wind forecast = Solar Solar forecast
64.98
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Date

Net generation of power plants for public power supply.

Datasource: 50 Hertz, Amprion, Tennet, TransnetBW, EEX At n o o n , 2 5 . 1 0 . 20 1 6

Last update: 25 Oct 2016 11:24
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storage filling (TWh)

Seasonal storage (with losses)

P 2012, no losses

| electricity 2 H,
(m=0.8)

| electricity - H, - electricity
(0.6)

electr. > H, - CH, - electr.
(0.4)

0 i Uy 1A / R AT AR
JFMAMJJASOND

t (months) [ F. Wagner, EPS EG]
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Need for storage (or transmission)

n Germany ~ 35 GW
oack-up power would
e needed.

= Norway’s total
water power

=>» Storage is replaced
by transmission to
from neighboring
countries
(GWh/day)

24



Transmission and Price
Price: €/MWh [/ Transmission: MW [ 22.10.2016 (!)

SRS

«» Flytretning
€3290 Elspotpris for gjeldende time

Elspotomrade

Gjeldende dag:t 22102016 ¥

[ http://driftsdata.statnett.no/Web/Map/ ]
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Storage - Norway

1993-2015-Max-NO — 1993-2015-Median-NO — 1993-2015-Min-NO
’\

2016-NO

Saturday 22.10.2016: 80%

53

Omréde:i NO ¥

ir/? =
rdrfrea=no ] L.P. Csernai




Competitiveness

T‘f 35 | T

electricity price (€cent/kWh)

‘)
=
=<
O
-
- 8
a
=
10- Q * Germany
spot market g s Denmark
5 CHP /\__\ . ) - e XY 2012 values
feed—in-tary_k !
0111 DL d ! 1 A -
2002 20086 2010 2014 0 200 400 600 800 1000
year W+PV power (W/capita)

GE (DE): household E. price doubled in 10 years
Source:  F. Wagner

DE & DK price is the highest Finadvice

In Norway Wind Pwr is 5 times more expensive then water
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Conclusions

Over-subsidizing Wind & PV is not sustainable economically
About 30-40% max would be optimal

Good pricing system would be optimal, e.g. Nord Pool Spot
http://www.nordpoolspot.com/

Similar, and balanced regulations, e.g. Nordic countries

Reliable, affordable energy for all & U.N.
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Thank you for your attention
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2015 Sep. UN GA Resolution on energy

e Goal 7.:

Ensure access to affordable, reliable,
sustainable and modern energy for all .

e 7.1 By 2030, ensure universal access to
affordable, reliable and modern energy services

e 7.2 By 2030, increase substantially the share of
renewable energy in the global energy mix

e 7.3 By 2030, double the global rate of
improvement in energy efficiency
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Energy and Complexity

Recently sustainable development and energy use
and production, became tightly connected issues of
top priority for the human society.

We need to check if a given process provides usable
energy at what cost and if the overall process leads to
entropy increase or decrease [E. schrodinger ]

E.g. Nuclear fission increases entropy, while nuclear
fusion decreases it! (makes more energy per 1kg fuel.)

Burning of bio-fuel is highly problematic.
Solar panels of agricultural land are questionable.



Performance of RES (Germany)

from Deutsches Bundesministerium fur Wirtschaft und Technologie Energiedaten Tabelle 20 vom 7/08/2013

installed capacities (GW) and annual energy yield (TWh) in Germany

year 2010 2011 2012
Wind-Power GW af A 29.1 31,3
Wind-Energy TWh 37.8 48.9 50,7 (7,6%)
Photovoltaik-Power GW 17,6 250 < |
Photovoltaik-Energy TWh 11,7 19,6 26,4 (4.6%)

figures in brackets: contribution to the total annual electricity consumption in %o

Eu O 08 Sava w i and Sacle| Covmmine s
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