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Energia: al centro di un sistema in crisi

THE RISE OF WHOLESALE
NATURAL GAS PRICES French Nuclear Output

Lowest seasonal level in at least a decade

@ £PER THERM, A UNIT USED BY COMPANIES TO MEASURE VOLUME OF NATURAL GAS
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GWh 2015 2016 2017 2018 2019 2020 2021 2022
Idrica 45.537,3 42.431,8 36.198,7 48.786,4 46.318,5 47.551,8 45.388,2 28.397,6
0-1MW 2.556,2 2.644.7 2.328,0 3.036,2 3.037,9 3.161,3 3.087,9 2.086,1
1-10 MW 8.308,2 8.169.3 6.979,2 9.084,0 8.7227 9.033,7 8.500,9 5.254.4

34.672,9 31.617,7 26.891,5 36.666,2 34.557,9 35.356,8 33.799,3 21.057,1

China’s Hydro Power Crisis Is Just the ™
Start

Climate-fueled droughts could make climate change even worse. Plus, more of the
week'’s top opinions.
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Il grande emettitore

Global greenhouse gas emissions by sector e
This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO.eq.
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OurWorldinData.org - Research and data to make progress against the world's largest problems.

Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).
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Un sistema inefficiente: il fossile non e sostenibile!

i : B Lawrence Livermore
Italy Energy Flow in 2017: 6,700 PJ Nationar Laboratory
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o perdite pari al 75%

Buttiamo via il 61% di energia primaria!!!
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| costi della «non transizione»

Way et al.
! Joule 2022

TRE DIVERSI SCENARI ENERGETICI

penaro TRANSIZIONE LENTA
Rinnovabili
2020 2040 2060 2020 2060 2020 2040 2060
B L

La transizione verso le rinnovabili comporta un risparmio pari a
diverse migliaia di miliardi di euro al 2050
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Supporti a quali fonti?!

Support for fossil fuels almost doubled in I e q

2021, slowing progress toward International
international climate goals, according to Energy Agency
new analysis from OECD and IEA

29 August 2022

| supporti globali alle fonti fossili sono passati
da 362 GS nel 2020 a 697 GS nel 2021!!!

| supporti globali alle fonti rinnovabili nel 2021
non hanno superato i 500 GS ...
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Perdite del sistema energetico

Centro Interdipartimentale

per 'Energia, '’Ambiente e i Trasporti ALESSANDRO MASSI PAVAN, 21 SETTEMBRE 2023 ’f% ' DEGLI STUDI
Giacomo Ciamician oz’ DITRIESTE

7< %, UNIVERSITA


http://www.google.it/imgres?imgurl=http://cdn.ecologiae.com/wp-content/uploads/2011/05/quarto-conto-energia-imprese-filiera.jpg&imgrefurl=http://www.ecologiae.com/quarto-conto-energia-imprese-filiera/39565/&usg=__5Wx1wzu4Y8a_eUd0sWE1tbDHZNM=&h=314&w=500&sz=46&hl=it&start=9&sig2=wS1DFkhBb4IGPps2s8np7w&zoom=1&tbnid=A8DFDnxINiiNrM:&tbnh=82&tbnw=130&ei=gLB7TpeTDsuW0QWnvr2jAw&prev=/search?q=filiera+energia&hl=it&sa=X&rls=com.microsoft:*:IE-SearchBox&rlz=1I7SKPB_en&tbm=isch&prmd=ivns&itbs=1

Efficientare la catena energetica
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Risparmiare energia

-~
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Transizioni energetiche
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Transizioni energetiche

Fossil fuels 4,436.42

Renewables 3,026.52

Hydroelectricity 1,185.94

Installed renewable electricity capacity (GW) (globally) Solar
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NEW INSTALLATIONS

TECHNOLOGY 2022 [GW] 2021 [GW] VARIATION [%]
PHOTOVOLTAICS 1055 866 21.8
WIND 899 826 8.8
BIOMASS, SOLID BIOFUELS 277 262 5.7

AND WASTE

GAS 1895 1853 2.3
HYDROPOWER 1392 1360 2.4
COAL 2142 2139 0.1
NUCLEAR 371 390 4.9

Concentrated Solar Power (CSP) and Marine Energy account for 7 and less than 1 GW respectively

Hydro, 93.4
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A livello globale «solo» rinnovabili!
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Investimenti globali
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Renewables beat fossil fuels E M B E R

EU-27 electricity generation FOALTE CLEAN fHEREY roLIcy

Renewables

Fossil fuels

RCER o Wind and solar

s et .9 Coal

"L
]
.....

-
s W

[
]
------
L]

Centro Interdipartimentale )_° UNIVERS| TA
per I'Energia, '’Ambiente e i Trasporti ALESSANDRO MASSI PAVAN, 21 SETTEMBRE 2023 &l s DEGLI STUDI

Giacomo Ciamician ".- DITRIESTE



=3
C/

Bisogna fare d

TWh

8000

IZN

7000

6000

2000

4000

3000

2000

1000

-~

Centro Interdipartimentale UN |VERS|TA
per I'Energia, I'’Ambiente e i Trasporti ALESSANDRO MASSI PAVAN, 21 SETTEMBRE 2023 2.4t ¢ DEGLI STUDI

. =l I

Giacomo Ciamician wanrg” DITRIESTE

", \.__“‘_‘.,»‘ J d




Power generation in ltaly

TECHNOLOGY 2005 2020 2022
THERMAL POWER 81% 60% 67%
HYDROPOWER 15% 17% 9%
PHOTOVOLTAICS 0% 9% 9%
WIND POWER 1% 6% 7%
BIOMASS 2% 6% 6%
GEOTHERMAL 2% 2% 2%
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Power in Italy in 2030

Tabella 10 - Obiettivi di crescita della potenza da fonte rinnovabile al 2030 (MW) [Fonte: RSE, GSE]

2020 2021 2025 2030

Evoluzione installato al 31 dicembre 2020 (MW)

12000

Idrica* 19.106 19.172 19.172 19.172

i
......
------

iiiiiiii
iiiiiiii

Geotermica 817 817 954 1.000 “reteclima

10000
Eolica 10.907 11.290 17.314 28.140
- di cui off shore 0 0 300 2.100
Bioenergie 4.106 4.106 3.777 3.052 P B Fotovoltaico

MW

M Eolico

4000

Solare 21. 650 22. 594 44, 848

- d| cui a
concentrazione

2000

-
-
Totale 56.586 57.979 86.065 131.285 N I l - l == B BB

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Fotovoltaico 483 781 2328 9539 3654 1400 409 307 382 399 426 757 764
Eolico 824 1356 920 1122 1183 4432 142 459 284 356 499 449 204

55 GW of PV in 8 years >> 7GW/year
8 GW of wind power >> 2GW/year
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Photovoltaics in Italy 2022

S : O
2022: connessioni per classe di potenza o:o’ SOLARE
Potenza connessa N. Impianti connessi

per classe di potenza (MW) per classe di potenza
‘ 8.019 4.434

: 2% 847

0,5%

4%

192.394
94%

Totale potenza connessa: Totale N. Impianti connessi:
2.482 MW (+164% rispetto al 2021) 205.806 (+158% rispetto al 2021)

Potenza media impianto connesso per classe di potenza (kW)

573 16,27 64,24 463,90 48.182,75

Dati riferiti al periodo 01/01/2022 - 31/12/2022. Fonte: Dati Gaud..
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Photovoltaics in Germany, 2023

2N 45 8
der Zubauziele fur Wind
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Convenienza economica del fotovoltaico

* Autoconsumo: 100%

* Prezzo energia elettrica 0,30 €/kWh

* Energia elettrica fotovoltaica 0.046 €/kWh
* Tempo di ritorno: <3 anni 00
* Rendimento dell’investimento: >20% 1300
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Costo dell’energia elettrica

66,01
53,11
46,03
41,34 41,51
29,7
21,76 21,74 22,89 23,75
20,62 20,22 ’ ’ 20,27 20,81 20,83
18,84 .. 18,66 18,46 18,63 19,17 1972 19,58 18,98 19,9 = 19,67 19,2 20,06

j I I IIIIIIIIEJEIE,'i1 III I

B spesa per la materia energia [l spesa per il trasporto e la gestione del contatore [l spesa per oneri di sistema imposte
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There is not only power — The example of Italy

RES - TOTAL

Consumi finali lordi di energia - dato rilevato (Mtep)

RES - POWER

Consumi finali lordi di elettricita - dato rilevato (Mtep)

Consumi finali lordi di energia - PNIEC (Mtep) Consumi finali lordi di elettricita - PNIEC (Mtep) 65,0%
. O FER-E(%) 61,8%
FEH(:D] 40,5% -—O— FER—E(Df:] - PNIEC 58,5% 0O
:..r 51,6% 0-"'
32 79’35!3% 48,0%
7% O 45.0%
3G2% 42,0%
27,5% 38.1% 39,0% O
25,4% o | 36, -~
23.3% 0 2l 39{33,4%33,5%34,0%34,19’33,9%35'0"{] Fe)
20,4% | 212% oy &
19,0% -

16,7941 7,194 7,5%17,4%18:37617,89¢1 8,27
15,4% "

13,0%12,9%

133,3128,2127,1123,9118,5121,5121,1120,4121,4120,3107,6120,5119,0117,6116,1114,7113,0111,3109,7108,0106,3

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2020 2027 2028 2029 2030

RES - HEAT

Consumi finali lordi di energia nel settore termico - dato rilevato (Mtep)

Consumi finali lordi di energia nel settore termico - PNIEC (Mtep)

20,1%

29,5 29,8 29,3 28,4 27,7 28,2 27,9 28,5 28,5 28,4 26,7 28,4 28,3 28,3 28,3 28,2 28,6 29,0 29,4 29,7 30,1
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RES - TRANSPORTATION

Consumi finali lordi di energia nel settore trasporti - dato rilevato (Mtep)

Consumi finali lordi di energia nel settore trasporti - PNIEC (Mtep)
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Sistemi di accumulo «gratuiti»

Smart Grid and E-Mobility Lab

Interreg -
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Emissions of electric vehicles vs. fossil fuel cars, US average energy mix

Life-cycle emissions of electric vehicles (EVs) versus fossil fuel cars. This is based on production and fuelling of the car in the US.
Emissions are measured in grams CO, per kilometer.

' Battery production [l Car production Fuel and electricity

356

293

EVs emit more during their
production, but much less than

fossil cars over their lifetime. 194

167

130 e 131

B S e e

Nissan Leaf, 40 Nissan Leaf, Tesla Model 3 Audi Q4 e-tron 50  Mitsubish Mirage Fiat 500 Land Rover
kWh (EV) 62kWh (EV) Long Range (EV) (EV) Discovery Sport

Assumes a mileage of 14,000 miles per year, which is the average in the US, and a car lifetime of 10 years.

Chart: Hannah Ritchie * Source: Based on data from CarbonCounter.com * Created with Datawrapper
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Total Cost of Ownership (TCO)
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Hydrogen and electric drive

Efficiency rates in comparison using eco-friendly energy

Well-To-Tank

Transportation
and storage

Electrolysis Compression and Transportion
liguefaction and filling
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Fuel cell and
power generation
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ldrogeno
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[ z EROEI LCOH | TCO LCA z @

" |drogeno da diversi processi nel
porto di Trieste

- Avaidoble online at www.sciencedirect.com
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Carbon Capture and Storage

Calculated values of EROEI [-] and EROC [GJ / tCO5] for the systems studied at
two different values of cf.

Process cf EROEI EROC
NGCC 0.40 17.60 16.81
0.85 21.37 16.99
NGCC + CCS MEA 0.40 7.73 163.1
0.85 12.36 167.1
NGCC + CCS HPC 0.40 2.21 163.1
0.85 9.06 167.1

LCOEs expressed in €/MWh for an NGCC power plant using the two considered
CCS technologies as a function of the capacity factor for a plant life time L. = 30
years.

cf NGCC with Extra cost due to NGCC with Extra cost due to
MEA MEA HPC HPC
0.40 [131 — 153] 53 [178 — 200] 100

0.85 [102 — 124] 24 [126 — 148] 48
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Tecnologie abilitanti la transizione 100% rinnovabile

" Fotovoltaico ed eolico sovradimensionati

" |nterconnessioni

" Demand response

= Sistemi di stoccaggio (batterie, idroelettrico, termico, ...)
" Elettrolizzatori e celle a combustibile (idrogeno)

" Vehicle-to-grid (V2G) and Vehicle-to-home (V2H)

" Corrente continua e generazione distribuita

" Smart Grid (previsione della produzione e dei consumi)
" Trasformazione digitale (loT, Big data, Block Chain, 5G, ...)
" Comunita energetiche

" ....Wlaricerca!!
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