Sustainable energy — without the hot air
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- Aumento CO2? Colpa nostra?

- Cambiamenti climatici?

- Possiamo adattarci? Possiamo rimediare?




The Keeling Curve: CO: is increasing
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Atmospheric CO2 over 800,000 years
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The second Keeling curve: Oxygen decrease

Cape Cnm Staton

CHh+ O2 — CO2+n/2H.0 =%,
l T LA A
z -w-j ) :.: ’: :.‘. ...o.‘:'. -K .
If CO2 is increasing, £ Ry "*--"'\.;‘- A,
then O2 must be decreasing, BRI ]
and it is T Y Uiy,
ML SR
vyt
350 ¥ ) 1 "l <
| Try

P — reann A asars basans b . annn o sl ST L P S Y ——. Y I PP
PO 19 1992 199t UM 19SS 19 TWT AR TS 20D 001 2002 N8 s NS 2

Monthly Carbon Dioxide Concentration
parts per milion
380

in

Keeling RF Nature 1996
Scripps Institute “Explorations” Magazine January 2008




Isotopic enhancement of '2C: a signature of fossil fuel emissions
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see for instance, Ghosh and Brand, International Journal of Mass Spectrometry (2003) vol. 228 pp. 1-33
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Trasmissione del calore: irraggiamento

Stefan-Boltzmann
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Radiation Transmitted by the Atmosphere
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Carbon Dioxide (ppm)
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Land Temperature Average
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Temperature anomaly (°C)
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Temperature anomaly (°C)
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Airborne Fraction of the Total CO:z Release
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Muir Glacier, Alaska

August 1941 August 2004




Surface melting on Greenland is expanding
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Source: Miliennium Ecosystem Assessment




+ heat-trapping gases
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Possibili soluzioni
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Problema o opportunita?
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Produzione energetica in Sardegna
(potenza elettrica media 1.5GW)

M Termoelettrico 90%
M |droelettrico 5%

M Eolico 5%

M Fotovoltaico 0.07%
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Fabbisogno = 1.5 GW
(1000 W/ab)

Intensita max del Sole: 1000W/m?2
Intensita media del Sole: 250W/m?

Potenza media cella solare

250W/m2 x 0.10 = 25 W/m?2

= 60 km?

Area necessaria
fabbisogno/potenza media cella

(8kmx8km, =40 m2/ab)







*
Opportunity Example: worldwide growth of photovoltaics
4

2010: > 10 GW,
Now estimated at 15 GW (@~$4/W)

2009: 6,43 GW, - *

Actual Shipments Projection (2003)
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Courtesy Eicke Weber, Fraunhofer Institute for Solar Energy
Sources: 2000-2003 Strategies Unlimited, 2006 EPIA “solar generation”, 2007 LBBW Report, 2010 SolarBuzz
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Solar Technology Evolution

Solar Thermal:

Harness heat
Steam engine
~25 meV

Single Gap
Photovoltaic:
Silicon and Thin Film
~leV
Photoelectric effect

Up to 24% efficiency
$4-5/W

climbing the thermodynamic ladder
I U U

Multigap cells:

Semiconductor
processing

Artificial materials
~Up to 40% efficiency
$350-1000s$/W
Concentration?

Solar Fuel:

Artificial
Photosynthesis

Enabled by
nanomaterials




Densita energetica

Benzina = 10kWh/I (12kWh/kQg)

Batterie? = 0.25 - 0.4kWh/kg

Acqua? (diga di 100m) = 0.00028kWh/kg

ldrogeno? = 39kWh/kg




Energia potenziale

L'energia potenziale di un sistema di cariche puntiformi fisse e
uguale al lavoro svolto da un agente esterno per portare il sistema
nella configurazione indicata, spostando ciascuna carica da una
distanza infinita alla propria posizione
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STRUCTURE
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Electrostatic Electrolytic Electrochemical double-layer
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Carbon Cycle 1.0: relatively stable geochemical cycles
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50,000 BC - 1750 CE
average net atmospheric gain: 0.0 * 0.02 gigatons carbon per year




Carbon Cycle 1.x: An increasingly perturbed system

Gigatonnes of carbon per year

. Land sink Land use change
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Net flux of C due to human activity ~100X natural geological flux




Carbon Cycle 2.0: Restoring balance to the carbon cycle

e N

Combustion
\——"‘
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Energy efficiency

Artificial
photosynthesis

Balance can be restored while allowing for growth in population and wellbeing




