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LA RIDUZIONE DELLE EMISSIONI…CHE VERRÀ

LA TRANSIZIONE ENERGETICA

Nel 2022 le emissioni hanno raggiunto il record di 37 Gt… 

Il 73% delle emissioni climalteranti proviene dalla produzione di energia



CONSUMO DI ENERGIA PRIMARIA PER FONTE



ITALIA - PRODUZIONE DI ELETTRICITÀ PER FONTE



PUNTI CHIAVE DELLA POLITICA CLIMATICA

The European Green Deal defines six environmental objectives:

• Climate change mitigation

• Climate change adaptation

• The sustainable use and protection of water and marine resources

• The transition to a circular economy

• Pollution prevention and control

• The protection and restoration of biodiversity and ecosystems

Nuclear in Europe – Politics

https://ec.europa.eu/info/sites/default/files/business_economy_euro/banking_and_finance/documents/sustainable-finance-taxonomy-complementary-climate-delegated-act-factsheet_en.pdf

The taxonomy is a key part of the EU 
Sustainable Finance Action plan. With the 
taxonomy, the European Commission aims to 
create a unified definition of a sustainable
activity. 

This will in turn enable capital to more easily
flow to activities which undoubtably have net 
positive climate and/or environmental impact.

approved on july 7th

Nuclear in Europe – Politics

➤Raggiungimento della neutralità 
climatica (Net-zero-emissions) al 2050

Contesto internazionale: obiettivi globali ed 
Europei di decarbonizzazione

10

• EU green deal: 
neutralità
climatica entro il 
2050

• Paris agreement: limitare il riscaldamento
globale a 1.5-2 gradi Celsius rispetto ai 
livelli preindustriali

G.F. Nallo – Il ruolo del nucleare nella transizione ecologica e le applicazioni dei nuovi reattori modulari
Conferenza ‘’Impianti nucleari per il settore marittimo: l’evoluzione della specie’’ – Università degli studi di Trieste – 25/01/2023

➤Limitare l’aumento globale della 
temperatura al 20100 entro 1,5°C 
rispetto ai livelli preindustriali. (Oggi 
siamo a +1,2°C)

➤Include il nucleare tra le fonti sostenibili:
1. Costruzione di nuove centrali con le 

migliori tecnologie
2. Prolungamento della vita utile delle 

centrali esistenti
3. Ricerca e sviluppo



I RISCHI DELL’ELETTRIFICAZIONE

Fonte: IEA, World Energy Outlook 2023



IL NUCLEARE NEL MONDO

Circa il 10% 
energia prodotta 
ogni anno, 
+0.3% nel 2022



IL PROGRESSO DELLA TECNOLOGIA NUCLEARE

iync.org

Generation IV systems (1/2)

Ò GenIV systems will therefore account for:
Ò Improved thermal efficiency

Ò Industrial heat application

Ò Improved fuel utilisation & advanced fuel 
cycle

Ò Advanced recycling options

Source : GenIV International Forum



COME FUNZIONA UN REATTORE NUCLEARE
➤ IL PWR è ad oggi il reattore più diffuso al mondo 

➤ Reazioni di fissione a catena producono calore nel circuito primario.  

➤ Il calore è trasferito al generatore di vapore nel circuito secondario. 

➤ Le turbine generano elettricità. 

➤ Il calore in eccesso è scambiato con l’acqua o l’atmosfera.

Fonte: https://www.ucsusa.org/nuclear-power/nuclear-power-technology/how-nuclear-power-works#.WrlSoMaZORs
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LA DENSITÀ ENERGETICA - QUANDO LE DIMENSIONI CONTANO

Fonte: Brook, B. W., & Bradshaw, C. J. (2015). Key role for nuclear energy in global biodiversity conservation. Conservation Biology, 29(3), 702-712

x 16

780 g

56 autocisterne 
da 20000 l

3200 t - 800 
elefanti

86000 t 



CONSUMO DI SUOLO RIDOTTO
Energia e ambiente: il consumo di suolo

1,74 km2

526 km2

1000 km2



CONSUMO DI SUOLO RIDOTTO

➤Impianto fotovoltaico di Troia (FG): 

150 ettari (1,5 km²) 103 MW di potenza 
150 GWh all'anno di elettricità 

➤Centrale nucleare di Gundremmingen (D), 
chiusa anzitempo: 

35 ettari (0,35 km²) 2.600 MW di 
potenza 20.000 GWh di elettricità all'anno  

➤La centrale nucleare su 1/4 della superficie 
produceva 130 volte l'elettricità, 
fotovoltaico di Foggia.



UTILIZZO DI RISORSE E MATERIALI RIDOTTO

Energia e ambiente: materiali da costruzione



BASSE EMISSIONI SUL CICLO DI VITA
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Fonte: IPCC, 2014 through https://www.electricitymap.org/

Impronta di carbonio delle fonti energetiche (gCO2eq/kWh)



CICLO DEL COMBUSTIBILE VIRTUOSO E SOSTENIBILE

>90% U238



IL TRATTAMENTO DEI RIFIUTI NUCLEARI

Fonte: https://www.ensi.ch/en/waste-disposal/



RIFIUTI NUCLEARI - QUANTI NE PRODUCIAMO?

Copyright David JC MacKay 2009. This electronic copy is provided, free, for personal use only. See www.withouthotair.com.

170 Sustainable Energy – without the hot air

radioactivity of the high-level waste is about the same as that of uranium
ore. Thus waste storage engineers need to make a plan to secure high-level
waste for about 1000 years.
Is this a difficult problem? 1000 years is certainly a long time compared

with the lifetimes of governments and countries! But the volumes are so
small, I feel nuclear waste is only a minor worry, compared with all the
other forms of waste we are inflicting on future generations. At 25ml per
year, a lifetime’s worth of high-level nuclear waste would amount to less
than 2 litres. Even when we multiply by 60 million people, the lifetime vol-
ume of nuclear waste doesn’t sound unmanageable: 105 000 cubic metres.
That’s the same volume as 35 olympic swimming pools. If this waste were
put in a layer one metre deep, it would occupy just one tenth of a square
kilometre. high-level waste: 25ml

intermediate waste: 60ml

low-level waste: 760ml

Figure 24.13. British nuclear waste,
per person, per year, has a volume
just a little larger than one wine
bottle.

There are already plenty of places that are off-limits to humans. I may
not trespass in your garden. Nor should you in mine. We are neither of us
welcome in Balmoral. “Keep out” signs are everywhere. Downing Street,
Heathrow airport, military facilities, disused mines – they’re all off limits.
Is it impossible to imagine making another one-square-kilometre spot –
perhaps deep underground – off limits for 1000 years?
Compare this 25ml per year per person of high-level nuclear waste

with the other traditional forms of waste we currently dump: municipal
waste – 517kg per year per person; hazardous waste – 83 kg per year per
person.
People sometimes compare possible new nuclear waste with the nu-

clear waste we already have to deal with, thanks to our existing old reac-
tors. Here are the numbers for the UK. The projected volume of “higher
activity wastes” up to 2120, following decommissioning of existing nuclear
facilities, is 478 000m3. Of this volume, 2% (about 10 000m3) will be the
high level waste (1290m3) and spent fuel (8150m3) that together contain
92% of the activity. Building 10 new nuclear reactors (10GW) would add
another 31 900m3 of spent fuel to this total. That’s the same volume as ten
swimming pools.

If we got lots and lots of power from nuclear fission or fusion, wouldn’t
this contribute to global warming, because of all the extra energy being
released into the environment?
That’s a fun question. And because we’ve carefully expressed every-

thing in this book in a single set of units, it’s quite easy to answer. First,
let’s recap the key numbers about global energy balance from p20: the av-
erage solar power absorbed by atmosphere, land, and oceans is 238W/m2;
doubling the atmospheric CO2 concentration would effectively increase the
net heating by 4W/m2. This 1.7% increase in heating is believed to be bad
news for climate. Variations in solar power during the 11-year solar cycle
have a range of 0.25W/m2. So now let’s assume that in 100 years or so, the
world population is 10 billion, and everyone is living at a European stan-

83 kg 517 kg

Produzione nucleare: 2.6 kWh/g per persona

Fonte: MacKay 2009



I COSTI DEL NUCLEARE - COSTO CAPITALE

Source: © 2018 Energy Technologies Institute LLP



I COSTI DEL NUCLEARE - LCOE

46

3
Due to the indicated differences in input values also the LCOE of different electricity generation 

technologies vary signi!cantly depending on the country, the technology and the properties 
of individual plants. It is thus not meaningful to point out a single power plant type, which 
would outcompete the others in terms of average costs. This is in particular true for renewable 
technologies, especially wind turbines and photovoltaics, whose costs are very much location 
dependent. Therefore, they are frequently tailored to individual requirements: not only are PV 
installations differing in size, from household rooftop installation and "oating panels to utility 
scale open space PV installations, but also wind turbines range from being installed in small-scale 
individual units to large wind farms. The same holds true for hydro units, being connected to small 
streams or large rivers, in the form of run of river or reservoir. Figure 3.4 illustrates this range of 
technological options for generating electricity and associated costs. 

Figure 3.4: Overview of LCOE values

Note: Values at 7% discount rate. Box plots indicate maximum. median and minimum values. The boxes indicate the central 50% of values, i.e. 
the second and the third quartile.

The multitude of categories also illustrates the diversity of options on the thermal technology 
side: several fuel categories are paired with technology options like CHP, CCUS and different turbine 
types. One of the most striking results is the large range of LCOE values for renewable technologies. 
Although utility-size power plants often have plant-level costs that are comparable to conventional 
power plants, smaller plants can still be several times more expensive. 

The aggregated data for the 24 countries that provided data for this report does not tell the whole 
story of levelised generation costs. Due to more or less favourable sites for renewable generation, 
varying fuel costs and technology maturity, costs for all technologies can vary signi!cantly by 
country and region. In addition, the share of a technology in the total production of an electricity 
system makes a difference to its value, load factor and average costs.
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ALTRI PREGI DELLA FONTE NUCLEARE
➤ Affidabile. Elevato fattore di capacità.  

Nucleare 90% - Eolico 35% - Fotovoltaico 25% 

➤ Fonte programmabile. Stabilizza la rete. 

➤ Resiliente agli eventi meteo estremi. 

➤ Autonomia: mesi con un carico di combustibile. 

➤ Versatilità. Produce elettricità, calore e propulsione. 

➤ Bassa volatilità. I costi non risentono dell’instabilità geopolitica e 
finanziaria. 

➤ Economicamente competitiva, malgrado gli alti costi di investimento.



QUALE FONTE DI ENERGIA È PIÙ PERICOLOSA?
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QUALE FONTE DI ENERGIA È PIÙ PERICOLOSA?
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RISCHIO REALE E RISCHIO PERCEPITO



SICUREZZA
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Fonti: Markandya, A., & Wilkinson, P. (2007). Electricity generation and health. The Lancet, 370(9591), 979-990; 
https://www.forbes.com/sites/jamesconca/2012/06/10/energys-deathprint-a-price-always-paid/#605ca1db709b

https://www.forbes.com/sites/jamesconca/2012/06/10/energys-deathprint-a-price-always-paid/#605ca1db709b


L’INCIDENTE DI CHERNOBYL
➤ L’incidente è la conseguenza di un 

design del reattore poco sicuro 
(LWGR-RBMK) e la concomitanza di 
azioni gravi e deliberate che portano 
a operare il rettore in condizioni 
proibite. 

➤ 134 operatori esposti a SAR, di cui 
47 deceduti prematuramente 

➤ 10 decessi per cancro alla tiroide su 
20 mila casi accertati 

➤ Stimati come possibili 4000 decessi 
per cancro tra i tre gruppi più esposti 
(incidenza aggiuntiva del 3-4%) 

➤ PTS, infermità mentale, ansia, 
dipendenze, etc

UNSCEAR Chernobyl report (2011): http://www.unis.unvienna.org/unis/
en/pressrels/2011/unisinf398.html ; https://www.who.int/
ionizing_radiation/chernobyl/backgrounder/en/



L’INCIDENTE DI DAIICHI
➤ La centrale nucleare Daiichi (una delle 5 nella 

regione colpita) si spegne in sicurezza a causa 
della scossa, tuttavia l’onda di tsunami 
scavalca le barriere di difesa ed inonda i 
generatori diesel necessari a mantenere il 
processo di raffreddamento (i generatori sono 
colpevolmente posti a 6 metri dal suolo, 
mentre l’onda è alta 13 m). Ciò causa la 
fusione del nocciolo delle unità 1-2-3. 

➤ Evacuazione forzata nel raggio di 20 km e 
consigliata da un’area più vasta 

➤ Nessuna morte riconducibile alle radiazioni 

➤ Possibili precursori del cancro tiroidale 
riscontrati nel 44% dei bambini della 
prefettura di Fukushima, contro il 57% del 
resto del Paese (screening effect). 

➤  Nel 2018 2/3 degli evacuati rientrati. 

➤

GREAT EAST JAPAN EARTHQUAKE AND TSUNAMI 87

FIGURE 3.7 Photo taken looking north toward the Fukushima Daiichi plant on 
March 11, 2011. The photo shows the tsunami wave as it strikes the seaward side of 
the plant. Flooding can also be seen in the foreground of the photo. SOURCE: Cour-
tesy of TEPCO (http://photo.tepco.co.jp/library/110409/110409_1f_tsunami_1t.
jpg).

FIGURE 3.8 Photo showing flooding at the Fukushima Daiichi plant on the north 
side of Radiation Waste Treatment Facility on March 11, 2011. This facility is lo-
cated south of Unit 4 (see Figure 1.2 in Chapter 1). Scale is indicated by the back 
end of a vehicle propped against the metal door. SOURCE: Courtesy of TEPCO 
(http://photo.tepco.co.jp/library/110519_2/110519_1_4.jpg).

Lessons Learned from the Fukushima Nuclear Accident for Improving Safety of U.S. Nuclear Plants

Copyright National Academy of Sciences. All rights reserved.
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88 LESSONS LEARNED FROM THE FUKUSHIMA NUCLEAR ACCIDENT

at 05:44 on March 12. However, cell phone records indicate that residents 
had largely self-evacuated areas within 10 km of the plant hours before this 
evacuation order was given (Hayano and Adachi, 2013, especially Fig. 3). 
The evacuation order was extended to 20 km at 18:25 on March 12, almost 
3 hours after the hydrogen explosion in Unit 1.

At Unit 6, one air-cooled emergency diesel generator and its electrical 
distribution panel were undamaged by tsunami-related flooding. This gen-
erator was used to supply power to Units 5 and 6, both of which reached 
cold shutdown on March 20.

Efforts to restore offsite AC power began immediately after the earth-
quake. However, because of the extensive damage from the earthquake and 
tsunami, the first power line to the site was not restored until March 18.

3.2.4 Fukushima Daini Nuclear Power Station

The Fukushima Daini Nuclear Power Station is also located in east-
central Fukushima Prefecture, about 12 km south of the Fukushima Daiichi 

FIGURE 3.9 March 21, 2011, photo of damaged Unit 3 (middle) and Unit 4 (right) 
reactor buildings. Unit 2 is shown on the left margin of the photo. SOURCE: Cour-
tesy of TEPCO (http://photo.tepco.co.jp/en/date/2011/201103-e/110321-01e.html).

Lessons Learned from the Fukushima Nuclear Accident for Improving Safety of U.S. Nuclear Plants

Copyright National Academy of Sciences. All rights reserved.

Fonte: Neureiter et al., 2014



L’EVACUAZIONE ERA NECESSARIA?
➤ Circa 1,600 morti (polmonite, suicidi, stress, alcolismo e depressione) sono stati documentati 

come conseguenza dell’evacuazione, specialmente tra anziani e ospitalizzati.  

➤ Secondo UN-SCEAR, la perdita di aspettativa di vita conseguente all’esposizione radiologica è 
di 3 mesi. Per confronto, l’aspettativa di vita di un abitante di Londra è ridotta di 4.5 mesi.
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WHAT ABOUT RADIATION?

IS NUCLEAR SAFE?

Data tell us that nuclear is, together with
renewables, one of the safest sources!

NUCLEAR
AND RADIOACTIVITY

LET'S KEEP IN TOUCH!

Often the perceived risk does not match reality. The irrational fear
of flying is a common example! Even taking into account the

nuclear accidents that have occurred in history, nuclear energy
remains among the sources with the lowest rates

of mortality and induced diseases. For example, it is estimated that
coal-fired power plants are responsible for almost 500 times more

deaths than nuclear power.

Nuclear power plants are the safest infrastructures in the world
thanks to safety standards, emergency systems redundancy and

the defense-in-depth concept.

Radiation  is  all around us.  Human-made contribution is almost
insignificant compared to natural sources! It is estimated, for example,

that we are exposed to about 200 times more radiation from food  than
the  Chernobyl accident.

32.72
24.62

18.43
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0.02
Sovacool et al. (2016); Markandya, A., & Wilkinson, P. (2007)
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SICUREZZA - L’ESEMPIO DI KRSKOL’esempio della centrale Krško

Fonte: 

Nuklearna Elektrarna Krško

Fonte: Nuklearna 
Elektrarna Krško



NUCLEARE E RINNOVABILI PER LA RIDUZIONE DELLE EMISSIONI



NUCLEAR AND RENEWABLES FOR EMISSION REDUCTIONS
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ABSTRACT

In December 1988 Italy decided to abort the construction of the Montalto di Castro nuclear

power plant (two reactors of 982 MWe each). Two years later, Trino Vercellese (260 MWe) and

Caorso (880 MWe) reactors were finally shut down, thus officially heralding the end of the Italian

nuclear electricity production.

In this study we analyse the impact of these decisions on the Italian energy policies, primarily

in  terms  of  failed  reduction  of  GHG emissions.  Our  retrospective  analysis  assumes  Trino  and

Caorso plants being kept in operation up to forty years since the first grid-connection, as well as the

commercial  operation  of  Montalto  reactors  hypothetically  starting  in  1992.  The  study  further

examines the potentiality of new nuclear power capacity installation in shaping the Italian future

energy mix, by means of two modeled scenarios: 1) a basic scenario in which the thermoelectric

power from coal is merely replaced and 2) an advanced scenario in which the share of low-carbon

electricity production becomes predominant by means of the new nuclear generation capacity share

as opposed to a sole increase of wind and solar power.

 We estimate the cumulative and yearly values of GHG emissions for new power installations

considering the Life-Cycle Assessment data available in literature. For postulated additional nuclear

power we model  a  suited  unit  plant  from average technical  features  of reactors  which became

operational since 2011. In the advanced scenarios we also evaluate the land use intensity (unit area

needed per unit  energy output)  and the overall  reliability  of  the electric  mix.  In  particular,  we

162-1

Figure 6: Evolution of the electricity mix in the EURef2016 (top left), BN (top right) and

EDN (bottom) scenario. Data for year 2016 are from Terna [7] and Eurostat [9]. For color legend

please refer to the digital version of the paper.

Figure 7: Composition of the electricity mix by 2050 in the different scenarios. For color legend

please refer to the digital version of the paper.
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NUCLEARE E RINNOVABILI PER LA RIDUZIONE DELLE EMISSIONI

Table 7: Future carbon intensity and emission trends in the different scenarios.

2020 2025 2030 2035 2040 2045 2050

Gross electricity production (TWh) 316,5 313,8 323,2 351,6 378,8 400,0 417,9

EU Reference

Emissions

 (Mt of CO2)
113,8 93,8 92,8 93,6 80,9 72,2 62,1

Carbon Intensity 

(g CO2/kWh)
359,4 298,8 287,1 266,2 213,7 180,5 148,5

Base Nuclear

Emissions

 (Mt of CO2)
93,6 79,2 53,1 52,5 55,1 53,0 47,8

Carbon Intensity 

(g CO2/kWh)
295,8 252,2 164,3 149,2 145,5 132,4 114,4

Enhanced

Decarbonization

with Nuclear

Emissions

 (Mt of CO2)
93,6 79,2 53,1 49,8 46,6 35,6 24,8

Carbon Intensity 

(g CO2/kWh)
295,8 252,2 164,3 141,5 123,1 89,0 59,3

Figure 8: Comparison of the CO2 emission trends from residual thermoelectric production in the

different scenarios and life-cycle emissions from new nuclear power plants in the EDN scenario.

3.4 Land use

As  a  direct  consequence  of  National  and  International  policies  (e.g.  the  Paris  Climate

Agreement), which target a global decarbonization, renewable energy sources are meant to expand

in the power sector. Therefore, related land use effects will become more relevant, in terms of direct

area required by power plants systems and total area occupied including unavoidable spacing and

additional infrastructures (e.g. access roads, substations and transmission lines for electricity).

The sustainability of energy transition plans depend on accurate analysis of life cycle land use,

and this holds not only for non-renewable sources but also for renewables ones, due to the fact that

the latter are disseminated. In particular, renewable energy sources usage is limited by low values of

power density (in terms of electricity that can be instantaneously generated) [20,21], and utility

scale renewable energy sources compete in general with any other land use allocation (including

landscape and environmental protection), in particular with farming. However, Italy’s morphology
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IL NUCLEARE DI DOMANI - REATTORI MODULARI E MICRO

SMR – Cosa 
sono
• Reattori nucleare con 

potenze fino a 300 MWe
• Uno solo può fornire

baseload per una o più
industrie e piccoli paesi

• Microreattori: fino a 10 MWe

36

Figura da: https://www.iaea.org/

G.F. Nallo – Il ruolo del nucleare nella transizione ecologica e le applicazioni dei nuovi reattori modulari
Conferenza ‘’Impianti nucleari per il settore marittimo: l’evoluzione della specie’’ – Università degli studi di Trieste – 25/01/2023



I VANTAGGI DEI PICCOLI REATTORI MODULARI (SMR)

Come sono 
fatti
• Simili ai reattori classici

• Nocciolo
• barre di controllo
• Scambiatori di calore
• Doppio contenimento

• Tutto in un singolo modulo

37
Figure da: https://world-nuclear.org/
https://www.nuscalepower.com/

G.F. Nallo – Il ruolo del nucleare nella transizione ecologica e le applicazioni dei nuovi reattori modulari
Conferenza ‘’Impianti nucleari per il settore marittimo: l’evoluzione della specie’’ – Università degli studi di Trieste – 25/01/2023

➤ Costruzione in fabbrica 

➤ Migliore integrazione con 
rinnovabili 

➤ Sicurezza avanzata (walk-
away) 

➤ Ridotta EPZ 

➤ Ridotto investimento capitale



ESEMPI DI PICCOLI REATTORI MODULARI (SMR)

SMR

INNOVATIVEEVOLUTIONARY
ABWR, ACR-1000, AP1000, 

APWR, ATMEA1, EPR, 

ESBWR VVER 1200, 

CAP1400, APR1400, 

HPR1000,...

LFR, GFR, SFR, SCWR, 

VHTR, MSR, ADS

CAREM, HTR-PM, KLT-40S,  

ACP100, AHWR, NuScale, 

SMART, 4S, EM

<<Il nucleare di IV generazione non esiste!>>

BELOYARSK 4: è un 

reattore BN-800, ti tipo SFR, 

in funzione dal 2015

SHIDAO BAY-1 è un 

reattore modulare HTR-PM: 

connesso alla rete il 

20/12/2021

APR-1400 (UAE)

AP1000 (US)

EPR (FI) 

Quale nucleare? - le tecnologie

<<I reattori modulari
 non esistono!>>

Progetto NuscaleAkademik Lomonosov (Russia)

Shidao Bay (Cina) CORE POWER 17

Offshore + Nuclear = Faster, Safer, Cheaper

Raffreddamento infinito dal mare

Immune da terremoti e tsunami

Disaccoppiamento sito e costruzione

15–30 volte meno cemento, +50% acciaio

Lontano da centri abitati

Decommissioning centralizzato

THE SEA IS THE LIMIT

Riduzione 50% costi e > 30% tempiProgetto CorePower



IL NUCLEARE PER IL TRASPORTO MARITTIMO

Vantaggi (IV) -
Versatili
• Impianti modulari
• Propulsione navale
• Propulsione spaziale
• Energia per piccole 

comunità isolate
• H2, CC, desalinizzazione

40
G.F. Nallo – Il ruolo del nucleare nella transizione ecologica e le applicazioni dei nuovi reattori modulari

Conferenza ‘’Impianti nucleari per il settore marittimo: l’evoluzione della specie’’ – Università degli studi di Trieste – 25/01/2023

➤ Maggiore velocità (25 nodi 
invece di 16/18) 

➤ Maggiore capacità  

➤ Maggiore autonomia 

➤ “Reverse cold ironing” 



IN CONCLUSIONE
➤ La fissione nucleare è una fonte affidabile di produzione di 

energia pulita e a bassa intensità di carbonio 

➤ La sicurezza è costantemente migliorata tramite 
miglioramenti procedurali e tecnologici ma è già elevata 

➤ Il rischio percepito rimane alto e influenza l’opinione 
pubblica, malgrado effetti radiologici marginali 

➤ Nucleare e nuove fonti rinnovabili non sono in competizione 
ma sono entrambe utili alla decarbonizzazione 

➤ Il nucleare può contribuire a decarbonizzare con successo 
anche settori cosiddetti “hard to abate” come il trasporto 
marittimo.



GLI INCIDENTI NELLA PRODUZIONE DI ENERGIA NUCLEARE

TMI 2 1979

Chernobyl 4 1986Fukushima Daiichi 2011



CHERNOBYL - L’INCIDENTE II
➤ Le esplosioni e la distruzione 

dell’edificio reattore 
conseguente alla fusione del 
nocciolo causano un ingente 
rilascio di materiale 
radioattivo, principalmente 
nelle aree limitrofe ma anche a 
lunghe distanze. I principali 
radionuclidi rilasciati sono 
Iodio 131, Cesio 134 e Cesio 
137



CHERNOBYL - ESPOSIZIONE
➤ I livelli di esposizione medi 

registrati in conseguenza 
dell’incidente sono: 

➤ 120 mSv tra i 530 mila liquidatori 

➤ 30 mSv tra i 115 mila evacuati 

➤ 9 mSv tra i residenti delle aree 
contaminate (su due decenni) 

➤ <1 mSv nel resto d’Europa (nel 
primo anno) 

UNSCEAR Chernobyl report (2011): http://
www.unis.unvienna.org/unis/en/pressrels/2011/

unisinf398.html  
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Photos courtesy of Dr. Davide Giusti, ENEA

https://www.wired.com/story/the-chernobyl-disaster-might-have-also-built-a-paradise/

CHERNOBYL OGGI



magnitude 9 earthquakes only occurred where lithosphere younger
than 80 million years old was subducting rapidly, faster than
50 mm/yr. This result made intuitive sense, because both young age
and speed could favor strong mechanical coupling at the interface be-
tween the two plates (Fig. 3c). Because oceanic lithosphere cools as it
moves away from a ridge and ages, young lithosphere is less dense
and thus more buoyant. Similarly, faster subducting lithosphere
should increase friction at the plate interface. The stronger coupling
was, in turn, assumed to produce larger earthquakes when the inter-
face eventually slips. Hence the age of the subducting plate and the
rate of plate convergence were used to predict the maximum
expected earthquake size in subduction zones.

This model was widely accepted (Satake and Atwater, 2007)
until the 2011 Tohoku earthquake (Chang, 2011). However, the giant
December 26, 2004 magnitude 9.3 Sumatra earthquake that generated
the devastating Indian Ocean tsunami, should, according to the model,
have generated at most an earthquake with a magnitude of about 8.
Hence studies after the 2004 Sumatra earthquake (McCaffrey, 2007,
2008; Stein and Okal, 2007) showed that a fundamental rethinking
was needed for several reasons. Better rates of plate motion were avail-
able from new Global Positioning System data. Additional information

on maximum earthquake sizes came from new observations, including
paleoseismic estimates of the size of older earthquakes such as the 1700
event at the Cascadia subduction zone (Satake and Atwater, 2007).
Moreover, it was recognized that although the largest trench earth-
quakes are typically thrust fault events, this is not always the case.
With the newer data the proposed correlation between earthquake
size and the rate and age of subducting slabs vanished, as the 2011
Tohoku earthquake subsequently confirmed (Fig. 3d).

Thus instead of only some subduction zones being able to generate
magnitude 9 earthquakes, it now looks like many or all can (McCaffrey,
2007, 2008). The apparent pattern had resulted from the fact thatmagni-
tude 9 earthquakes are rare – on average there is less than one per de-
cade (Stein and Wysession, 2003). They are about ten times rarer than
magnitude 8. Thus the short seismological record (the seismometer
was invented in the 1880 s and seismograms that allow magnitude 9
events to be reliably quantified have only been available since about
1950) misled seismologists into assuming that the largest earthquakes
known for each subduction zone were the largest that could occur
there. Moreover, until recently seismologists tended to downplay geo-
logical evidence for past extremely large earthquakes, such as that of
Minoura et al. (2001) for Tohoku.

Fig. 1. Comparison of Japanese government hazard map to the locations of earthquakes since 1979 that caused 10 or more fatalities (Geller, 2011).

3S. Stein et al. / Tectonophysics 562–563 (2012) 1–25

IL TERREMOTO DI TOHOKU, 2011

➤ L’11 marzo 2011 un terremoto 
catastrofico (Mw 9.1) colpisce  
la costa nord-orientale del 
Giappone

From Stein et al., 2012



IL TERREMOTO DI TOHOKU, 2011

➤ L’11 marzo 2011 un terremoto 
catastrofico (Mw 9.1) colpisce 
la costa nord-orientale del 
Giappone 

➤ Il terremoto genera uno 
tsunami con onde fino a 41 
metri che in pochi minuti si 
infrangono su 650 km di 
costa, causando circa 27,000 
tra morti e dispersi



L’INCIDENTE DI DAIICHI
➤ 900 PBq sono rilasciati in 

atmosfera e nelle acque 
prospicienti 

➤ Evacuazione forzata nel raggio 
di 20 km e suggerita da 
un’area più vasta 

➤ Oltre 100 mila evacuati, 
mentre restrizioni sl consumo 
di prodotti agricoli sono 
imposte

Area con dose 
prevista > 20 mSv/
anno



LA SITUAZIONE A FUKUSHIMA OGGI



LA SITUAZIONE A FUKUSHIMA OGGI

➤ Nessuna morte riconducibile alle 
radiazioni 

➤ Possibili precursori del cancro 
tiroidale riscontrati nel 44% dei 
bambini della prefettura di 
Fukushima, contro il 57% del 
resto del Paese (screening effect). 

➤ Graduale ritorno alle aree 
evacuate. Al 2018 restavano circa 
30 mila evacuati. 

➤ Maggiori info nel reportage di 
Massimo Burbi su https://
nucleareeragione.org/
2019/12/18/un-giorno-a-
fukushima-2/



LA SITUAZIONE A FUKUSHIMA OGGI

Sacchi di materiale contaminato Namie Town - 8 km NE di Daiichi

Tomioka - 8 km S di Daiichi A 2 km da Daiichi

Foto M. Burbi
Foto M. Burbi

Foto M. Burbi Foto M. Burbi



LA SITUAZIONE OGGI

Per contestualizzare i valori precedenti…

In aeroplano…  

3.2 µSv/h

Piazza San Pietro 

0.9 µSv/h

Prypiat  

0.4 µSv/h

Photos courtesy of Dr. Davide Giusti, ENEA, Italy


