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You can't fool nature

Richard Feynman
(1918-1988)
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"Complex” problems are not addressed with
‘complicated” solutions



A "complex"” problem Is dealt with
by looking for Its root causes and acting

accordingly In alogical and rational manner

Just as scientists do to find the laws of
nature, which, once found and verified,

necessarily must be obeyed



If you can't explain something in
simple terms it means you don't
understand it

Richard Feyman
(1918-1988)



Climate change
explained In
steps
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Milbons of years before present Thousands of years before present (2015 CE)

Analisi paleoclimatica dell’andamento della temperatura negli ultimi 500 milioni di anni [1]. La linea orizzontaleche definisce
lo zero indica la temperatura media della seconda meta del secolo scorso.
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™ Andamento della temperatura negli ultimi 1500 anni ricavato da dati paleoclimatici (linea verde) confrontato

L . . , con l'andamento basato su misure strumentali moderne (linea blu). I dati indicano come la temperatura globale
]Analzs Lp aleoclimatica dell andamento dellatemp eratura sia piu alta oggi di quanto non sia stata almeno negli ultimi 15 secoli (adattato da Mann et al. 2008 [3]). La
negli ultimi 11 mila di anni [2 ] . linea dello zero indica la temperatura media degli anni 70 del secolo scorso.







But how really Is
'DIg" our need
for energy ?
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T solar radiation: 5500 K

T Earth's radiation 290 K
for every solar photon
absorbed, 22.5
photons are re-emitted
from Earth

large Iincrease Iin
Entropy but
substantial Energy
balance
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Tutte le stime sono
in TeraWatt (10" W)

Figura 6: Schema delle attivita umane in termini di utilizzo energe-
tico in relazione ad altri processi terrestri. I numeri rappresentano il
valore dei flussi radiativi o di energia libera in TW. Notare il con-
tributo di 17 T'W dovuto all'utilizzo delle sorgenti fossili di energia.
Fonte: Axel Kleidon, Thermodynamical Foundations of the Earth
System, Cambridge University Press, Cambridge 2016.
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But how "big" really Is our
need for energy ?

-> About one part in 10,000

compared to what the Sun
sends to the Earth |
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...what’s Entropy?

no entropy ? no party !



USA flusso dell'energia elettrica
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Fonte: EIA 2021.

Figura 2: Flusso dell'energia collegata alla produzione di energia elettrica negli Stati Uniti nel 2021. 22,6 BTU (6,6 PWh),

pari al 63% dell’ﬂnergia utilizzata in questo processo, vengono dissipati in calore e dispersi nell’ambiente.
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Rappresentazione schematica del ciclo annuale medio del carbonio nel decennio 2009-2018,
enfatizzando i contributi dovuti alle attivita antropiche ( unita: Giga Tonnellate di

Carbonio(GtC)/anno). Nel decennio 2009-2018 la CO; accumulata nell’ atmosfera ha
raggiunto 860 GtC. | dati coprono il decennio 2009-2018.
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The worﬂ warms up

snow melt

The water cycle accelerates

- Extreme Weather events increase
bEcosystems react

* "FC d and water supplles are affﬁed

> Infrastrw"ture IS damaged or in need of upgrades

* People and species are impacted

°* Economic and politi%l stability are affected
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Half of the IPCC Scenarios to Limit

Warming Don’t Work

The Intergovernmental Panel on Climate Change showcased 50
scenarios to limit global warming to 1.5°C above preindustrial
temperatures. A new study finds that only half of those scenarios are

realistic. Warszawski et al Environmental Research Letters, Volume 16, Number 6 (2021)



https://iopscience.iop.org/journal/1748-9326
https://iopscience.iop.org/volume/1748-9326/16
https://iopscience.iop.org/issue/1748-9326/16/6
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How to address the climate problem In
steps

* Renewable energy sources
* Renewable energy storage

* CO, capture from the air



Electricity from renewables became cheaper as we increased [SUEIE
capacily — electricity from nuclear and coal did not hDat

Price per megawatt hour of electricity
This i1s the global weighted-average of the
levelized costs of energy (LCOE), without subsidies
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Figura 8: Prezzo medio globale per MWh di elettricita in funzione della potenza installata,

senza considerare sovvenzioni. L’elettricita dalle sorgenti rinnovabili € calata molto di costo
all’ aumentare della quantita prodotta, cosa che non e successa con |'elettricita dal nucleare

o dal carbone.




In the future, this decline will
continue, energy will cost much
less and can also be put to uses
that are not cost-effective today:
nydrolysis, desalination, capture

and sequestration of CO, In the air
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How to address the climate problem iIn steps

v'v’ *Renewable energy sources

v * Renewable energy storage

* CO, capture from air






Fundamental research

How science can contribute ?

VAN ALLEN RADIATION BELTS
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Ricerca di base ispirata
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Technologies and applications



Discovery = Availability
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