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Il 22 novembre 2022 abbiamo raggiunto
gli 8 miliardi di abitanti sulla terra

According to World Population Prospects,

India’s population will surpass China’s in 2023,

95% population prediction intervals Earth's population will be 8.5 billion in 2030,

_ and 9.7 billion by 2050 Ry
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 Aumento popolazione globale (da 6.8
miliardi a 8.3 miliardi).

* Richiesta di cibo aumentata del 50%,
ma produzione non adeguata

* Richiesta di energia aumentata del 60%

ma produzione non adeguata

« Domanda globale di acqua aumentata
del 30%, problemi di
approvvigionamento acqua potabile

* Riduzione delle emissioni di gas serra
Inferiori alle aspettative - cambiamenti
climatici sempre piu evidenti

« Scarsita di cibo, energia ed acqua
portano a tensioni internazionali e
migrazioni
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Increased demand
50% by 2030 (IEA)
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News } Science

World faces 'perfect storm' of problems

by 2030, chief scientist to warn

Food, water and energy shortages will unleash public unrest and
international conflict, Professor John Beddington will tell a
conference tomorrow
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Richard E. Smalley, Nobel Laureate, Chemistry,

4 Emergenze a llvello Mondlale

1996, MRS Bulletin, June 2005




L’effetto serra

. Una parte delle radiazioni o La Terra riflette le radiazion
» 1824 Jean Baptiste Joseph  Eahic e el
Fourier predice effetto RN 0cste <l doperiereiiste
serra. e i
. g, "’ Sug¥ rimandate sulla Terra
« 1856: Eunice Newton A e
Foote dimostra in laboratorio -
|’effett0 serra (Vap HZO e Una parte delle radiazioni
. . solari viene riflessa dalla
CO2) nella cattura dei ragg| superficie terrestre.
solari
« 1896: Svante Arrhenius e

superficie terrestre.

calcola che l'effetto serra

* D8RR 2Ly Stewdh allendar prima prova del riscaldamento globale.
* 308T4lPCC responsabilita umana per CO, & 90%.

« 2021 - IPCC Latemperatura continuera ad aumentare almeno fino a meta
secolo qualsiasi sia lo scenario di emissioni
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Effetto: variazioni della concentrazione di gas

serra in atmosfera
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Sep. 13, 2023 418.69 ppm o

First UN Climate
Change Conference
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IPCC 2021: future emissioni annuale di CO, ed

altri gas per diversi scenari climatici futuri
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IPCC 2021: Temperatura della terra e

aumentata di circa 1.2° negli ultimi 100 anni

Sixth Assessment

ﬁepo_rt

« Sono gli esseri umani che hanno riscaldato il clima del pianeta ad WES °7 15

Assessment Report is now out

una velocita senza precedenti negli ultimi 2000 anni.

OC OC
2.0 2.0

Warming is unprecedented
in more than 2000 years

1.5 1.5
Warmest multi-century observed
period in more than imulated
100,000 I simulate
L 1.0 1.0 years ¥ human &
observed natural
0.5
L 0.2 simulated
natural only
0.0 (solar &
volcanic)
reconstructed
-0.5 -0.5
-1 — I I
1 500 1000 1500 1850 2020 1850 1900 1950 2000 2020

Il riscaldamento globale ed i suoi effetti sulla montagna e la sua frequentazione Feltre, 2 November, 2023 - 9



Quanto e’ anomalo guello che sta

succedendo? Ultimi 2000 anni.

50
a  ,4_ — Instrumental target — PCR — PAI —— BHM
"] —— CPS —— MO8 — OIE DA
40/ 60
o
>
> 30/ 70
£ o
2 5
& 3
g >
3 — 20/80
@
g
5
= - 10/90
I T 1 l | I I I I T I l i I | ~0/100
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Year ce

PAGES2K, Nature, Geoscience 2019
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Fino a livelli non sopportabili per la

societa’

Business
as usual
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RCP8.5, at the end of 21
century, EURO-CORDEX
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| cambiamenti climatici influenzano molteplici

settori della societa’ (e della nostra vita)

Aumento di eventi meteoclimatici “catastrofici’
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B Metecrological events
(Tropical storm,
extratropical storm,
conmvective storm,
local storm)

B Hydrological events
{Floed, mass movement)

@ Climatolagical events
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drought, forest fira)
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scatti di Vittoro Sella, Ardito Desio e Claudio Smiragha, Nel'ultima immagine, la simutazione dellaspetto delia montagna ned

Innalzamento del livello del mare e distruzione
delle zone costiere (circa 25 cm dal 1900)

Scioglimento dei ghiacciai e crisi dell’acqua

1941 1998 2007 2050

mitato Glaciclogico itallano)

Livello del mare a

Trieste (F. Raicich, CNR)
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Anche in Italia siamo in emergenza climatica:

enormi anomalie climatiche negli ultimi anni

Sardegna 2013; Genova 2011,2014;
Vicenza 2010: Livorno 2017; Sicilia 2021;
Marche 2022; Emilia Romagna 2023

Monte Bianco 2021 Ondate di calore record in
Marmolada 2022 Europa nel 2019, 2022

e

e

Feltre, 2 Novembef; 2023 . 17



Fusione del ghiaccial

- -
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N o A
SelcIcIl http://climate.nasa.gov/sof
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Quel (poco) che resta del ghiacciaio del Canin
in Alpi Giulie
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La Meringa del Gran Zebru ...
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Il ghiacciaio della Marmolada... gia un
morto che cammina
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Fusione deil ghiaccial porta anche a qualche

sopresa ...

R La Repubblica | v/ Seguiti

Adamello, tracce della nube di Chernobyl vicine alla
superficie. Gli esperti: “Vuol dire che ci siamo mangiati
30 anni di ghiacciaio”

Storia di Tiziana De Giorgio * 3 h fa

Cambiamento climatico

Caldo record: allerta di Legambiente per la fusione dei
ghiacciai

22 Agosto 2023
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Fusione del permafrost

Le frane in quota

Pale di San Martino/Sass Maor
30 mila metri cubi di roccia

v B | Mblvéno/Valle delle Seghe
2016 : 20 mila metri cubi

Cima Lastei
20 mila metri cubi

Source:International Permafrost Association, 1998.
tive-Layer Permafrost System (CAPS), version 1.0.
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Da dove vengono le emissioni?

1ron s

CO2 emissions by sector, World

She
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" .if our black and nervous civilization, based on coal, shall be
followed by a quieter civilization based on the utilization of solar
energy, that will not be harmful to progress and to human

happiness.”
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The Photochemistry of the Future: PROFESSOR
GracoMo CIAMICIAN . ......ciiivnnvennans 355
The First International Eugenties Congress:
PROFESS0R BATMOND PEARL .......00000 395
Industrial Education in the Philippines .... 396
Graduates from American Colleges and Uni-
Tt & 7. S 397

ITHE PHOTOCHEMISTREY OF THE FUTURE*®

MoperN civilization is the daughter of
coal, for this offers to mankind the solar
energy in its most concentrated form: that
is, in a form in which it has been aceumu-
lated in a long series of centuries. Mod-
ern man uses it with inereasing eagerness
and thoughtless prodigality for the con-
quest of the world and, like the mythiecal
gold of the Rhine, coal is to-day the great-
est source of energy and wealth.
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Ma dopo il 1912 ... nessuna buona notizia!

Nel 2000 12.3 TW Nel 2018 19 TW

Total energy supply (TES) by source, World 1990-2018
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Oil

2040

201

Gas Coal Nuclear Biomass/Other Wind / Solar / Hydro / Geo
Biofuels

Fonte: The Outlook for energy: a view of 2040, Exxon
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Previsioni di produzione di combustibili fossili

Trend line for world oil consumption.
Not sustainable with known reserves
and best conventional production.
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Data: IEA World Energy Outlook November 2014, table 3.6
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Dalle fonti di energia ai servizi: Il sistema

energetico USA

i .S, ion i . . B Lawrence Livermore
Estimated U.S. Energy Consumption in 2019: 100.2 Quads L\3 National Laboratory
Met Electricity 0.05
51‘:';{ 0.65 Imports
8.46 Eectﬁcity 12.7
Nuclear :
Genesic » Agire sulla
Hydro b b
ww | \r1duzione della

Residential Energy

o | . e M domanda ha
I’effetto piu
sensibile!

Geothermal
0.209

Commercial
.41

Industrial

26.4 Energv
: Services

32.7

Biomass

4.98 Transportation

28.2

Petroleum
36.7
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Indicatori su cul basare le decisioni

* Ritorno dell'investimento energetico — EROEI e
Indicatori da esso derivati (ESOEI — EROC)

Costo dell’energia — LCOE
Analisi del ciclo di vita - LCA

ENERGY RETURNED ON ENERGY INVESTED

‘%

%Q\B

shutterste.ck:

T Life Cycle

Assessment

L COE

LEVERZED COST OF ENERGY

shutterstock
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Ritorno dell’investimento energetico

EROEI=

|] Self Consumption
. Net
Energy to Energy .
I consumer | Raw Production |
Ener :
Cumulated Gen::arnnn Materials PI‘OCGSS
Energy Starts
Production \
Cumulated 0 time
Energy
Costs End of life
| EROEI =
Cnnﬂrutﬁun LIfE‘ ﬁME‘ Decum]’sliuning Ein
> > >
_ Py
Project Project
Starts ends
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EROEI a confronto

Table 1| Comparison of mean EROlIs for different energy sources

Energy Return on Energy Invested (groEn

Energy source Optimistic Optimistic net _
EROI energy percentage F”%‘?
il
Coal Thermal 46:1 98 OillGas Shale
Electricity 17:1 04 Tar Sand
Electricity with CCS 131 92 Ethanol - wood
. Ethanol - com
Oil Thermal 19:1 95 Hydrogen
Electricity 7:1 85 T ¥
Gas Thermal 19:1 95 ecinc
Wind Power AT E )
Electricity 81 88 Solar Thin Film R SIS
Electricity with CCS 7:1 86 Hydro Power ===
Biofuels & waste  Solids Thermal 251 96 Geothermal it
o Solar Photo Voltaic =Rt N
Electricity 10:1 90 Coal & |
Gases and liquids ~ Thermal 5:1 80 Nuclear fow]
Electricity 2:1 50 10 20 30 40 50 60 70 80
Nuclear 14:1 93 8020vis0n.com
Hydroelectric 84:1 £ Fonte: Energy Sources: Energy Return on Energy
Geothermal o1 89 Invested (EROEI) — A Worthy Concept Difficult to
Wind 18:1 94 Calculate, by S. Tom Bond on December 1, 2015
Solar PV 2511 96  Fonte: King et al,
Solar thermal 19:1 95 Nature Energy) 2018
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|

* Levelized cost of energy (in  Version June 2021 =
US$/MWh) include: 30 -

. . . 28-
— l'ammortizzazione del capitale

finanziario iniziale,
— 1l ritorno sull'investimento,

— 1l costo operativo, del
combustibile,

— |l costo della manutenzione.

26
24 -
o]
20 -
18 -
16 -
14 -
12
10 -
8 - _—— | .

Levelized cost of electricity [Ecent,,,,/kWh]

6 —

4 —
ol

0 T T T T T T T T T T T T T T
PV PVrooftop PV PV rooftop PV PV Wind Wind Biogas Solid Lignite Hard CCGT Gas
rooftop small rooftop large utility- utility- Onshore Offshore Biomass Coal Turbine
small Battery large Battery scale scale
1:1 2:1 Battery
3:2
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LCOE- dati IRENA 2020

Electricity from renewables became cheaper as we increased [8

capacity - electricity from nuclear and coal did not

The price of electricity from new power plants [O@Wlls!

Electricity prices are expressed in ‘levelized costs of energy’ (LCOE). in Data
LCOE captures the cost of building the power plant itself as well as the
ongoing costs for fuel and operating the power plant over its lifetime.

$359

The price of electricity from solar
declined by 89% in these 10 years.

$300/MWh
Price per megawatt hour of electricity $378/MWh
This is the global weighted-average of the 2010 $275
levelized costs of energy (LCOE), without subsidies
logarithmic axis and adjusted for inflation
$300
Solar Photovoltaic (PV)
At each doubling of installed solar capacity
$250 the price of solar electricity declined by 36%.
36% is the learning rate of solar PV
$200 $200/MWh
$180 Nuclear energy
No learning rate - nuclear has become
$162 more expensive ® 3175 Gas peaker
$150 . ® $155 -37%
Offshore wind 2019
Learning rate: 10% e $155 Nuclear
Coal — +26%
No learning rate - coal has not
$120 ® ;5011-915 become significantly cheaper $135
$111 &— @ $109
2010 2019 $123
$100
w90 $111e e $109 Coal
100/MWh 2%
$86 $
$80 2010
$83
$70 ®$68/MWh
2019
560 Onshore wind @356 Gas(combined cycle)
Learning rate: 23% . . .. -32% .
The price of onshore wind electricity g$41 Onshore wind
® 353 . of : 40 Solar Photovoltaic
$50 2019 declined by 70% in these 10 years.
5,000 MW 20,000 MW 50,000 MW 500,000 MW 2,000,000 MW
10,000 MW 100,000 MW 1,000,000 MW
Cumulative installed capacity (in megawatts) logarithmic axis SO/MWh
Source: IRENA 2020 for all data on renewable sources; Lazard for the price of electricity from nuclear and coal - |AEA for nuclear capacity and Global Energy Monitor for coal 2009 201 9
capacity. Gas is not shown because the price between gas peaker and combined cycles differs signficantly, and global data on the capacity of each of these sources is not
available. The price of electricity from gas has fallen aver this decade, but over the longer run it is not following a learning curve. . i _
Licensed under CC-BY Data: Lazard Levelized Cost of Energy Analys

QurWorldinData.org - Research and data to make progress against the world's largest problems. by the author Max Roser

QurWorldinData.org - Rescarch z




Life Cycle Assessment -

24
Use and
Consumption

Y O

Raw Material

e - :

Manufacturing > Transportation e
Production S . co2

STEP 1 | CH4
Goal and scope |-
definition

N
Lo
Disposal and Recycling
STEP 2

Inventory
analysis (LCI)

STEP 3
Impact analysis
(LCIA)

Inventory list
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Alternative??

- Carbone? * Nucleare
— Non ne parliamo — IV o lll generazione ? SMR ?? Fusione ???
e Petrolio? Scorie????
— Trasporto e petrolchimica — Sostenibilita economica (costi e tempi
« Gas con CCS? costruzione)
— Emissioni CO, sopra ai 100 g/kWh e fughe — L 155 $/MW (RE 40 $/Mh) - Basso
CH, y A AT |

— impatto ambientale per solventi

— EROEI si riduce ad 1/3

— problemi stoccaggio ed uso CO2

— costi del gas e dipendenza geopolitica
 |droelettrico?

— Saturato
* Biomasse?

— Solo marginali (no da biomassa legnosa)

— basso EROEI

— biodiversita e ambiente
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La terra e un sistema isolato ....

... ricordiamoci di Ciamician

* ... eccetto che per I’'irraggiamento solare

« Solare e eolico
— Buon EROEI
— Ottimo LCOE
— LCA competitivo (riciclo moduli)
— No emissioni gas serra N
— No import, no costi materie RN

prime
« Sistema 100% rinnovabile

— Smart grids, batterie, idrogeno
digitalizzazione

— 70 GW elettrici da REN al 2030
|l problema principale??

— Tempo

— No distrazioni
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World Economic Forum: Global Risk Report
2023

The Global Risks
Report 2023
18th Edition

INSIGHY REPORTY

~1

WE HAVE R PROBLEM..
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Sixth Assessment Report

WORKING GROUP Il - MITIGATION OF CLIMATE CHANGE

L[ The evidence is
clear:

The time for
action is now




da montagna dl oggl e aiversa da queilla

... |la montagna tra 20 sar%adi\'/ersa da quella di ogg
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