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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 

approximately equal

• 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 Schrödinger (1944)
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Entropy of Matter 

Smallest 
bacterium 
160 000 
base pairs

Human genome 3.2  109 base pairs   S-1kg (J/K) =  1.0 10 – 1 000 000 000

Human nervous system  x 104 more complex  even smaller S
[L.P. Csernai, et al., arXiv:1609.04637] L.P. Csernai 3



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.
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Energy Consumption

A given single resource  may decrease,
but it is replaced by a new source.

This is even more visible per capita 

L.P. Csernai 5



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

Too 
expensive

Not 
sustainable:
 Entropy 
increase
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Intermittent Energy Supply (Wind & PV) 

Back-up  ~~~ Brown coal  ?? (fire is kept on!)
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Coal and
Nuclear

Yesterday noon, 25.10.2016

Energy supply mix - Germany 
[   https://www.energy-charts.de/power.htm ]



2012, no losses

electricity → H2
(h = 0.8)

electricity → H2 → electricity 
(0.6)

electr. → H2 → CH4 → electr.
(0.4)

Seasonal storage (with losses)

[ F. Wagner, EPS EG]
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Need for storage (or transmission) 
In Germany ~ 35 GW 
back-up power would 
be needed.

= Norway’s total    
water power

 Storage is replaced 
by transmission to 
from neighboring 
countries

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

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

Saturday 22.10.2016: 80%
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Competitiveness 
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GE (DE):  household E. price doubled in 10 years

DE & DK  price is the highest

In Norway  Wind Pwr. is 5 times more expensive thn. water



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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2015

L.P. Csernai 15



2015 Sep. UN GA Resolution on energy

• Goal 7. :
Ensure access to affordable, reliable, 

sustainable and modern energy for all .

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

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

• 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. Schrödinger ] 

• 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.

L.P. Csernai 17



L.P. Csernai 18

Thank you for your attention
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