Energia Nuclear e Ambientalismo
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https://www.replanet.ngo/_files/ugd/dccfdc_171826efa3c94874aa46b03837ebfcc9.pdf
https://www.replanet.ngo/_files/ugd/dccfdc_055c9b5234504da88109a6977baa1ece.pdf
https://www.replanet.ngo/_files/ugd/dccfdc_055c9b5234504da88109a6977baa1ece.pdf
https://www.replanet.ngo/_files/ugd/dccfdc_a188b91be43643ec9a6358b8f144fba1.pdf
https://www.replanet.ngo/_files/ugd/dccfdc_4189216f5f2d4eafb6204251b2a89fa6.pdf

Em 1988, o Climatologista James
Hansen defende perante o
congresso dos EUA que a
atividade humana é responsével
por alteracdes climaticas.

Numa publicacdo de 2013 estima
que a nao utilizagdo de energia
nuclear entre 1971-2009 causou
1.8 milhdes de mortes prematuras.

Defende que o “problema dos
residuos nucleares” pode ser
resolvido com a préxima geracéo
de reatores nucleares.



5 REASONS WHY
NUCLEAR BELONG
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Diablo Canyon, Callforma
Fornece eletricidade para >2M habltagoesv e
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FEOEREY  Lifecycle impacts on ecosystems, in points, including climate change.
Note on unit: 1 point is equivalent to the impacts (in species-year) of 1 person (globally) over
one year.
Lifecycle impact on ecosystems, per MWh, in pointes
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What are the safest and cleane\s\t sources of energy?

Death rate from accidents and air pollution Greenhouse gas emissions
Measured as deaths per terawatt-hour of electricity production. Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU. 1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.

zascconr [ G2 DX
36% of global electricity A

\1230-h’me5 higher than solar 273-times higher than nuclear energy

RNy 180-times higher than wind 4

490 tonnes

‘\613-t7'mes higher than nuclear energy

2.8 deaths Natural Gas
L]

22% of global electricity

2.6 deaths [ Il Biomass . 78-230

2% of global electricity ton nes

13 deatns ] Hydropower [ 34 tonnes

171,000 deaths from Bangian Dam failure in 1975, China 12% of global electricity

0.04 deaths | WI nd | 4 tonnes

7% of global electricity

003 deaths| NUcClear energy |3 onnes
Includes deaths from Chernobyl and Fukushima disasters ! 10% of global electricity
0.02 deaths SOla r | 5 tonnes
4% of global electricity

Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008; 2018); Sovacool et al. (2016); IPCC AR5 (2014); Pehl et al. (2017); Ember Energy (2021).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.
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Public net electricity generation in all available countries in 2022
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THE WORLD WANTS
NEW NUCLEAR

Findings from a comprehensive evaluation of the world’s
understanding and support for advanced nuclear




Figure 1: Support significantly outnumbers opposition across the globe
‘I support the use of the latest nuclear energy technologies to generate electricity, alongside
other energy sources.” (5-point scale from strongly disagree to strongly agree)
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Source: The World Wants New Nuclear, May 2023




Nuclear Power

B Operating reactors, building new reactors

[ Operating reactors, planning new build e

B Mo reactors, building new reactors

& No reactors, new in planning

B Operating reactors, stable

B Operating reactors, decided on phase-out
B Civil nuclear power is illegal







Electricity consumption per capita (kWh)
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Six countries that achieved strong economic growth while reducing CO- emissions

Emissions are adjusted for trade. This means that CO, emissions caused in the production of imported goods are added to its

domestic emissions; for goods that are exported the emissions are subtracted.
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Como descarbonizar uma sociedade

guranga de abastecimen



Como descarbonizar uma sociedade
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Apoiada na faceta energética,
uma indlstria nuclear abre as
portas para muitas mais
valias industriais e trabalhos
bem remunerados.

&

(&) IAEA

— International Atomic Energy Agency

Calor industrial de baixo carbono (papel, téxteis,...)
Dessalinizacdo de agua do mar

District heating

|Is6topos médicos produzidos em reatores: radioterapia
Isétopos para monitorizacado de qualidade da dgua e dos solos
Esterilizagdo de Equipamento médico (PPE)

Irradiacdo de bens alimentares: aumento do tempo de prateleira
Eletrélise de Hidrogénio (fertilizantes, ago, feedstock quimicos)
Shipping nuclear
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Dry Casks “
rep03|tor|o de combustlvel gasto
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RWASTE

+it’s only waste if we waste it

letsreplanet.org

Apenas 5% da energia do
combustivel nuclear foi usada.

Ha imenso potencial energético no
combustivel nuclear gasto.

Investir em reatores de nova geragéao
(fast breeder reactors) para reduzir
os “residuos nucleares”.

Divergir fundos de Deep Geological
Repositories para investigar o “fecho
do ciclo do combustivel nuclear”.
Combater a pobreza energética com
eletricidade barata e de baixo
carbono.



THIS IS A
EMERGENCY!

RePlanet.ngo/DearGreenpeace



Build more
of this...

#CleanEnergy
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@ Denmark, wind and solar

@ Portugal, wind and solar

UAE, nuclear
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Requisitos de area por fonte de eletricidade

Power Densities: Renewables Need More Space
Land area needed to power a flat-screen TV, by energy source

= Wind-energy footprint
296 m including turbine spacing
Hydropower
14 m?

Solar
0.8 m?
Coal

0.3 m?
Nuclear

01m?
Natural gas

Note: Assumes 100-watt television operating year-round
Source: van Zalk, John, Behrens, Paul, 2018, The Spatial Extent of Renewable and Non-Renewable
Power Generation




Heat

Electricity

Nuclear Transformation Industry
Reactor Plants Use







Requisitos materiais por fonte de eletricidade

Materials (ton/TW

Other*
Steel

Glass

I Copper

B Cement/Concrete

B Aluminium

1 .

Nuclear

Geothermal

Figure 4: Base-Material Input per 1 TW Generation

Note: Other includes iron, lead, plastic, and silicon.; Schernikau assumes this is based on average US capacity factors
Source: Adapted from DOE 2015, Table 10.4, p390







A proteina consumida em todo o mundo pode ser produzida numa area
inferior a area do distrito de Lisboa

LEITE
PERFECT DAY DAIRY

A Perfect Day € uma empresa Californiana que
produz duas proteinas cruciais no leite: caseina
e soro de leite. E possivel comprar este leite nos
USA sob a efigie de “the Bored Cow brand”

CLARAS DE OVO
THE EVERY COMPANY

The Every Company (antes, Clara Foods) usou
FP para criar claras de ovos - mas sem galinhas.
Em Marco de 2022 langaram os seus primeiros
macaroons FP com a chef pasteleira de renome,
Chantal Guillon.

CARNE DE VACA
IMPOSSIBLE

A Impossible Foods produ ‘hamburgers que
sangram’ utilizando um produto da
Fermentagao de Precisdo chamado Heme.
Heme € a molécula que faz com que a carne
saiba a carne. disponivel nos USA, chegou
recentemente ao mercado do Reino Unido.

NATAS
BRAVE ROBOT

Brave Robot produz uma gama de sabores de
gelado utilizando proteinas de leite sem animais
criadas pela Perfect Day. Ja disponivel nos USA,
tem planos para se expandir.

INSULINA

COALHO

99% da
producéo
mundial

80% da
producéo
mundial

mas até la...
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Trés pontos para as estratégias de conservacao e agricola nacionais

1. Permitir a introdugao de GMOs resistentes a seca em territorio nacional e na UE.
2. Apoiar a inclusdo de PES: Payments for Ecosystem Services na Unido Europeia, seguindo o exemplo
da Costa Rica.

3. Apoiar a investigacdo em métodos de producéo de proteinas alternativas na UE, como ja o fazem
China, Japao, Coreia do Sul, Singapura, Reino Unido, USA, etc..
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Lei de Brandolini






Lei de Brandolini

Principio de assimetria da informacao falsa.

"A quantidade de energia necessaria para refutar uma informacdo falsa é uma ordem de
grandeza maior do que a energia necessdria para produzi-la."



https://pt.wikipedia.org/wiki/Refuta%C3%A7%C3%A3o
https://pt.wikipedia.org/wiki/Ordem_de_grandeza
https://pt.wikipedia.org/wiki/Ordem_de_grandeza

Energia nuclear
Fissao

a. - 5

|
- i
gl )

e Umatomo pesado “parte-se” em dois
ou mais atomos mais pequenos.

e Todasas centrais nucleares atuais no
mundo utilizam este processo.

Fusao

Dois atomos leves unem-se para
formarum mais pesado.
Ainda em fase experimental.






E=mc’



E=mc’

Combustao
Reorganizaras orbitais

Nucleo
Processo nuclear

Q

0 Alteram-se os conteudos

Q dos nucleos, que sao
milhoes de vezes mais

Orbital  macicos que as orbitais.



Nuclear power plant

containment structure

steam transmission lines

electric
generator

=2 turbine
control :
rods

pressure
vessel

nonradioactive
warm water vapour

condenser water

101 ST ‘ warm

moist air

generator

//

condenser

water pump cool condenser water . EHHE

water

cooling tower

nuclear reactor

3 i —_—
© 2013 Encyclopaedia Britannica, Inc. intake from lake or river

—_—
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Pegada ambiental e densidade energética



Fast Facts on

NUCLEAR ENERGY B aTEI extremely energy dense.

-

1
=
1 uranium pellet 17,000 cubic ft 120 gallons 1ton
(~1inch tall) of natural gas of oil of coal
~480 metros  ~550 litros

cubicos

cntr=ge ey | Office of R
ENERGY | NUCLEAR ENERGY NIV ELT energy.gov/ne Date dourca U Eabray ttcimaton Adiditiation




Requisitos de area por fonte de eletricidade

Power Densities: Renewables Need More Space
Land area needed to power a flat-screen TV, by energy source

Wind-energy footprint

ﬁQg m? including turbine spacing
ydropower
14 m?
Solar
0.8 m?
Coal
0.3 m?
Nuclear
" 01m?
3} l:; Natural gas
in

Note: Assumes 100-watt television operating year-round
Source: van Zalk, John, Behrens, Paul, 2018, The Spatial Extent of Renewable and Non-Renewable
Power Generation

Nuclear
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Requisitos materiais por fonte de eletricidade

)

Materials (ton/

900

Nuclear Geothermal

Other*
Steel
Glass
I Copper
B Cement/Concrete

B Aluminium

Figure 4: Base-Material Input per 1 TW Generation
Note: Other includes iron, lead, plastic, and silicon.; Schernikau assumes this is based on average US capacity factors
Source: Adapted from DOE 2015, Table 10.4, p390
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Diablo Canyon, Callforma
Fornece eletricidade para >2M habltagoesv e
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Seguranca



Death rates per unit of electricity production

Death rates are measured based on deaths from accidents and air pollution per terawatt-hour (TWh) of electricity.

Brown coal 32.72

Coal 24.62

Oil

18.43

Biomass

Gas

Hydropower 1.3

Wind | 0.04

Nuclear | 0.03

Solar | 0.02

o

5 10 15 20 25 30

Source: Markandya & Wilkinson (2007); Sovacool et al. (2016); UNSCEAR (2008; & 2018) OurWorldInData.org/energy « CC BY




Japan’s Nuclear Energy Plants

}glsn Primorskaya

Mutankiang
®

Russia /:sah:kawa

Vladivostok Tomari

b °
Otaru

Chongjin Hakodate
e L]

Iglmchack l:uosak«

China West Asia Akita

Onagawa
March 11, 2011
South Korea . @ Earthquake
Kashiwazaki Kariwa epicenter

Ulchin Shika Nagaoka @ —Fukushima Daiichi
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Direct and cancer deaths from the accident

No one died directly from the disaster. However, 40 to 50 people were

injured as a result of physical injury from the blast, or radiation burns.

In 2018, the Japanese government reported that one worker has since

died from lung cancer as a result of radiation exposure from the event.

Over the last decade, many studies have assessed whether there has been
any increased cancer risk for local populations. There appears to be no
increased risk of cancer or other radiation-related health impacts.

In 2016, the World Health Organization noted that there was a very low

risk of increased cancer deaths in Japan.16




Chornobyl

Combined death toll from Chernobyl

To summarize the previous paragraphs:

» 2 workers died in the blast.

» 28 workers and firemen died in the weeks that followed from acute
radiation syndrome (ARS).

e 19 ARS survivors had died later, by 2006; most from causes not
related to radiation, but it’s not possible to rule all of them out
(especially five that were cancer-related).

15 people died from thyroid cancer due to milk contamination.
These deaths were among children who were exposed to 13| from
milk and food in the days after the disaster. This could increase to
between 96 and 384 deaths, however, this figure is highly uncertain.

 There is currently no evidence of adverse health impacts in the
general population across affected countries, or wider Europe.




Loss of life due to radioactive pollution from nuclear energy

<1.0 <0.1

7

Loss of life due to chemical pollution from fossil fuels and bioenergy

Sources: WHO, UNSCEAR

Loss in life
expectancy
(years)




TECH & SCIENCE

Chernobyl Exclusion Zone Was a Wildlife Haven—
Before Russia Attacked

BY ROBYN WHITE ON 1/19/23 AT 7:44 AM EST
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50% da eletricidade de baixo carbono da UE



Energia primaria:
Todas as formas de obter energia; impacto sobre o mundo:

Combustiveis (gasolina, diesel, ...), lenha, renovaveis, nuclear,
etc..

Energia elétrica:
Parcela da energia primaria s referente a geracao elétrica.




Energy (TWh)

Public net electricity generation in Europe in 2022
Original data ENTSO-E

500
400
300
200
]OO l l
; . = . |
2022
Year
@ Nuclear @ Hydro Run-of-River @ Biomass
@ Fossil brown coal / lignite Fossil coal-derived gas @ Fossil hard coal @ Fossil oil
@ Fossil oil shale @ Fossil peat Fossil gas @ Geothermal
Hydro water reservoir . Others @ Other renewables
@ Waste renewable @ Waste non-renewable @ Wind offshore Wind onshore
Solar

Energy-Charts.info - last update: 09/06/2022, 5:07 PM GMT+2



E Portugal?

Consumo de energia final em Portugal
2021

Outros
Calor 5.8%
7.1%

Biomassa
6.4%

Petréleo

43.5%
Gas natural °

11.7%

Energia elétrica

2022
Producio de Eletricidade

importacdo -
-

hidrica ‘ 50378 ..

12,6% solar

5%
biomassa
6,6%

gds natural
32,6%




Capacity

NUCLEAR: 92.7% Factor
\ by Energy
Geothermal: 1% Source, 2021
Natural Gas: 54.4% R p e § "R

—~—

Coal: 49 3%
Hydro 371%

Wmd 34 6%

Solar PV: 24 6%

Office of
NUCLEAR ENERGY energy.gov/ne



Emissoes de CO2 (e equivalente)



Lifecycle Greenhouse Gas Emissions by Technology
grams COz-equivalent per kilowatt-hour

(“2) UNECE




source:

36,05

Norvege

electricitymaps.org

Moyennes des émissions de CO2 en g/kWh pour la consommation électrique
en Europe sur les 1366 derniers jours

326,04 327,23
286,16

234,65

191,36
175,60

40,10

Suede France Finlande Belgique Danemark Espagne Autriche Portugal Royaume Italie Allemagne Irlande
Uni

Pays-bas Pologne

By Phiphou
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How dirty was French and German electricity production in 20217
A Comparison of Hourly Specific Carbon Intensity

RADIANT

ENERGY GROUP

Germany in 2021.
500 TWh of electricity
generated at an average

rate of approximately
365 grams of CO,
emitted per kWh

France in 2021.
511 TWh of electricity
generated at an average
rate of approximately
44 grams of CO, emitted
per kWh
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Hourly generation data from ENTSO-E Transparency Platform as of 12 31 2021. German Specific Carbon Intensity calculated using emissions factors of 1050g, 850g, 400g, and 250g of CO2 per kwh for MARKNELSON + SID BAGGA
lignite, hard coal, natural gas, and biomass (respectively). French Specific Carbon Intensity uses RTE-France emissions factors of 486g, 986g, 777g, and 494g for natural gas, coal, oil, and waste (respectively). RADIANTENERGYGROUP.COM




Germany Vs France Co2 emissions as a percentage of 1968 level

Germany

—France

Nuclear rollout
1977-1988

CO2 emissions from electricity and heat production, total (million metric tons)
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2000 Chooz B
Civaux

Construcao da
frota nuclear
Francesa .

Golfech
1990 oree
Paluel
St-Alban
St-Laurent Flamanvi
Chinon
Cruas
Tricastin, Gravelines
Dampierre, Blayais
Bugey B B
1980 | Fessenheim N |
1970
type CP0 type CP1 type CP2 type P4 type P4 type N4

Palier 1300 MWe Palier 1450 MWe
20 réacteurs 4 réacteurs



Residtios
Combustivel Nuclear Gasto
Ou

Combustivel de Reatores de Geracao IV



Opiniao publica



. Operating reactors, building new reactors Operating reactors, stable

Operating reactors, planning new build . Operating reactors, considering phase-out

I No reactors, building new reactors B Civil nuclear power is illegal
No reactors, planning new build No reactors




China's pipeline of new nuclear power is the size of the
rest of the world's combined

Countries by new nuclear power capacity pipeline, as of December 2021
(GW)

China 2256

India

Russia

UK

us

Turkey

Poland

Brazil

Ukraine 8.0
Egypt 7.6
South Korea 5.6
Mexico 5.6
Czech Republic 5.1
Thailand 5.0
Iran 4.9

Data is the aggregate of plants listed by GlobalData as 'under construction’, 'announced, 'permitting’ and 'financed".

Source: GlobalData




SMRs: Small Modular Reactors

Construidos em série, numa
linha de montagem.

Mais acessiveis para paises com
menos capital desenvolverema
sua industria nuclear.

Modelos mais pequenos
idealizados para zonas remotas 71 i
ou nacoes-ilha.



Support for nuclear power?

Yes @ No Don't know

Sweden Poland Germany Flnland ‘ United Kingdom Denmark

*59% supports new build, 26% want to keep the existing nuclear plants, but don't support new build.

Analysegruppen | CBOS | Civey | Kantar | Yougov | Megafon, 2022




Build more
of this...

#CleanEnergy

\\\\\\\‘

I
|









Custos



Levelized Cost of Energy Comparison

ed Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV-Rooftop Residential
Solar PV-Rooftop C&l
Solar PV-Community

_ : " ™
Renewable Solar PV-Cry stalline Utility Scale

giergy Solar PV=Thin Film Utiity Scale

Solar Thermal Tower with
Storage

Geothermal
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Wind s2 [ s

Gas Peaking @

st I
s [

Nuclear®

Conventional
Coal ©@

Gas Combined Cycle @ @ $1296)

s¢5 [ < ¢ s

$0 $25 $50 $75 $100 $125 $150 $175 $200 $225 $250 $275
Levelized Cost ($/MWh)
Source: Lazard estimates.

Note:  Here and throughout this presentation, unless otherwise indicated, the analysis assumes 60% debt at 8% interest rate and 40% equity at 12% cost. Please see page titled “Lewvelized Cost of Energy Comparison—Sensitivity to Cost of Capital” for cost of capital
sensitivities. These results are not intended to represent any particular geography. Please see page titled “Solar PV versus Gas Peaking and Wind versus CCGT—Global Markets” for regional sensitivities to selected technologies.

(1) Unless otherwise indicated herein, the low case represents a single-axs tracking system and the high case represents a fixed-tilt system

) Represents the estimated implied midpoint of the LCOE of offshore wind, assuming a capital cost range of approximately $2,500 — $3,600/KWV.

3) The fuel cost assumption for Lazard's global, unsubsidized analysis for gas-fired generation resources is $3.45/MMBTU.

(4) Unless otherwise indicated, the analysis herein does not reflect decommissioning costs, ongoing maintenance-related capital expenditures or the potential economic impacts of federal loan guarantees or other subsidies.

(5 Represents the midpoint of the marginal cost of operating fully depreciated gas combined cycle, coal and nuclear facilities, inclusive of decommissioning costs for nuclear facilities. Analysis assumes that the salvage value for a decommissioned gas combined
cycle or coal asset is equivalent to its decommissioning and site restoration costs. Inputs are derived from a benchmark of operating gas combined cycle, coal and nuclear assets across the U.S. Capacity factors, fuel, variable and fixed operating expenses are
based on upper- and lower-quartile estimates derived from Lazard's research. Please see page titied “Leelized Cost of Energy Comparison—Renewable Energy versus Marginal Cost of Selected Existing Conventional Generation” for additional details

(6) High end incorporates 90% carbon capture and storage. Does not include cost of transportation and storage.

(W] Represents the LCOE of the observed high case gas combined cycle inputs using a 20% blend of “Blue” hydrogen, (i.e., hydrogen produced from a steam-methane reformer, using natural gas as a feedstock and sequestering the resulting CO in a nearby saline
aquifer). No plant modifications are assumed beyond a 2% adjustment to the plant's heat rate. The corresponding fuel cost is $5.20/MMBTU, assuming $1.39/kg for Blue hydrogen.

(8) Represents the LCOE of the observed high case gas combined cycle inputs using a 20% blend of “Green” hydrogen, (i.e., hydrogen produced from an electrolyzer powered by a mix of wind and solar generation and stored in a nearby salt cavern). No plant
modifications are assumed beyond a 2% adjustment to the plant's heat rate. The corresponding fuel cost is $10.05/MMBTU, assuming $4.15/kg for Green hydrogen.




LAZARD’S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 11.0

Unsubsidized Levelized Cost of Energy Comparison (cond)

(10)

()

Analysis excludes integration (e.g., grid and conventional generation investment to overcome system intermittency) costs for intermittent technologies.

Low end represents single-axis tracking system. High end represents fixed-tilt design. Assumes 30 MW system in a high insolation jurisdiction (e.g.,
Southwest U.S.). Does not account for differences in heat coefficients within technologies, balance-of-system costs or other potential factors which may differ
across select solar technologies or more specific geographies.

Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents an illustrative concentrating solar tower built in
South Australia.

lllustrative “PV Plus Storage” unit. PV and battery system (and related bi-directional inverter, power control electronics, etc.) sized to compare with solar
thermal with 10-hour storage on capacity factor basis (52%). Assumes storage nameplate “usable energy” capacity of ~400 MWhdc, storage power rating of
110 MWac and ~200 MWac PV system. Implied output degradation of ~0.40%/year (assumes PV degradation of 0.5%/year and battery energy degradation
of 1.5%lyear, which includes calendar and cycling degradation). Battery round trip DC efficiency of 90% (including auxiliary losses). Storage opex of
~$8/kWh-year and PV O&M expense of ~$9.2/kW DC-year, with 20% discount applied to total opex as a result of synergies (e.g., fewer truck rolls, single
team, etc.). Total capital costs of ~$3,456/kW include PV plus battery energy storage system and selected other development costs. Assumes 20-year useful
life, although in practice the unit may perform longer. lllustrative system located in Southwest U.S.

Diamond represents an illustrative solar thermal facility without storage capability.

Represents estimated implied midpoint of levelized cost of energy for offshore wind, assuming a capital cost range of $2.36 — $4.50 per watt.

Represents distributed diesel generator with reciprocating engine. Low end represents 95% capacity factor (i.e., baseload generation in poor grid quality
geographies or remote locations). High end represents 10% capacity factor (i.e., to overcome periodic blackouts). Assumes replacement capital cost of 65%
of initial total capital cost every 25,000 operating hours.

Represents distributed natural gas generator with reciprocating engine. Low end represents 95% capacity factor (i.e., baseload generation in poor grid quality
geographies or remote locations). High end represents 30% capacity factor (i.e., to overcome periodic blackouts). Assumes replacement capital cost of 65%
of initial total capital cost every 60,000 operating hours.

Does not include cost of transportation and storage. Low and high end depicts an illustrative recent IGCC facility located in the U.S.

Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies. Low and high end depicts an illustrative
nuclear plant using the AP1000 design.

Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. High end incorporates 90% carbon capture and
compression. Does not include cost of transportation and storage.

LAZARD

Copyright 2017 Lazard




Lazard's assumption of capital cost of nuclear
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Source: Lovering et al 2016: Historical construction
costs of global nuclear power reactors

Vs reality

Country

* USA

* France

* Canada
W. Germany
Japan
India

* S. Korea

Type

2000 ° Demonstration
* Commercial

Thoughtscapism <%




IEA: Projected Costs of Generating Electricity, 2020 Edition

Figure ES1: LCOE by technology
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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.



System Costs of Electricity

é i éé Social and

environmental costs
of emissions, land-use, :
climate change, security /
of supply, etc.
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Grid-level costs
of the electricity
system

Plant-level production costs
at market prices
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Correlations between European Solar + Wind Generation and Electricity Prices (2020)
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Prices in Eurocents/kWh

no data HOUSEHOLD ELECTRICITY PRICES
=140 First Quarter of 2022

I 14.1-20.0
= mz"s"”"’ Prices in Eurocents/kWh, including all taxes and levies

Band DC: 2 500 kWh < Consumption < 5 000 kWh
] T
EU Average: 29.21 c€/kWh
(27 countries)

stat for price information

Source : 5 for admini
Cartography: © G ENER - June 2022
L

Prices in Eurocents/kWh

o data INDUSTRIAL ELECTRICITY PRICES
|<=110 First Quarter of 2022

Prices in Eurocents/kWh excluding VAT and other recoverable taxes

Band IC: 500 MWh < Consumption <2 000 MWh
T

EU Average: 17.82 c€/kWh
(27 countries)
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Source : i
Cartography: © G ENER - June 2022
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Tempo mediano em meses para a construcao de reatores - IAEA
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FASTEST CLEAN ENERGY BUILDS IN HISTORY*

=

g RATE NEEDED To
$500 IWind DECARBONIZE ELECTRICITY
S l BY 2050

g

i 250 ® L) ®

o

o o

S

o

Sweden Sweden France Belgium Canada Sweden Czechia
1982-1986 1996-2000 1982-1986 1982-1986 1982-1986 2016-2020 2000-2004

Sources: BP World Energy Review, 2021.

*Countries of more than ten million peop|e_ Assuming all existing generation is retired by 2050.
Data: https://bit.ly/energygrowthrate. Analysis by volunteer engineers.



Nuclear output in Europe B Lost output due to heat-wave curtailment




@ District heating @ Process heat @ Desalination

®e
oo °§ .l? )

@ Capacity (only non-electric uses)

Nuclear power plants providing district heating:

Kursk (Russian Fed.)
Zaporizhzhia (Ukraine)
Smolensk (Russian Fed.)
Kalinin (Russian Fed.)
South Ukraine (Ukraine)
Rivne (Ukraine)
Leningrad (Russian Fed.)
Beloyarsk (Russian Fed.)
Haiyang (China)
Novovoronezh (Russian Fed.)
Khmelnytska (Ukraine) [EEHED
Bilibino (Russian Fed.) [N
Beznau (Switzerland)
Kozloduy (Bulgaria)
Cernavoda (Romania)
Bohunice (Slovakia)
Temelin (Czech Rep.)
Balakovo (Russian Fed.) [l 19
Paks (Hungary) 15
Kola (Russian Fed.) |6
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Mineracao de Uranio

Maior mina de Uranio dos USA.
Utiliza In-Situ Leeching.
Impacto ambiental minimo.

Monitor
P From Plant To Plant
Monitor Wells § Well

|

Sands, Clays
and Gravels

s

Upper clay

Submersible
Pump

=
=

Lower clay

Uranium Deposit
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Electricity from Vattenfall Nordic Nuclear Power Plants

https://www.environdec.com/library/epd923

Greenhouse gases
Total 4,1 g CO,-eq.kWh,, (Core 0,2 g CO,-eq./.kWh,))

Uranium Extraction
Conversion
Enrichment

Fuel fabrication
Auxiliaries NPP
Auxiliaries rad. facilities
Operation NPP

B Upstream processes
B Core processes

Operation rad. facilities W Downstream processes

Constr./decom. NPP
Constr./decom.Waste
Operation distribution

Constr./decom. Distribution
Distribution losses

0,0 0,4 0,8 1,2 1,6
g CO,-eq./kWh,,
Figure 8 Greenhouse gas emissions (biogenic CO:is excluded) distributed on the life cycle stages



Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel

production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as

fossil fuels.

Other
renewables
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Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldInData.org/energy e CC BY




Who Controls the

Solar Panel Supply Chain?
———— The Manufacturing Process for Solar PV Panels |

POLYSILICON INGOT WAFER CELL MODULE / PANEL
O == D= @
V74 Jl‘am =

The primary material for solar  Polysificon ingats are sficed o The wafer is then cleaned
ring which is n waler sheets ranging from and doped to manufacture
d cast into ingots. 0-280 s in thickness.  a crys lar cell

— Share of Manufacturing Capacity by Country/Region in 2021

POLYSILICON WAFERS

MODULES

FEurope -
0.6%

Rest of
World
0.2%

1%
hina made up 55% of global solar

pansl manufacturing capacity in 2010,
with its share nising to 84% in 2021

ELEMENTS |&] yrce: |EA ELEMENTS.VISUALCAPITALIST.COM



Where Clean Energy Metals Are Produced

Production of key resources is highly concentrated today. Charts show the top three producers.

0% 20%
| [

Copper ‘ Chile

40% 60%

l Peru [China l

Nickel ‘ Indonesia ‘ Philippines‘ Russia

(.1, =113l Democratic Republic of Congo

Rare earths I China

Russia Australia
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Lithium \ Australia | Chile

| China

And Where They Are Processed

China dominates the refining and processing of key metals.
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Source: International Energy Agency By The New York Times




China leads world in production of minerals needed for clean energy

Share of top three countries for extraction and processing of key minerals and fossil fuels

Extraction Processing

Rare earths  China - Rare earths i -

Cobalt  Democratic Republic of the Congo - Cobalt

Nickel Indonesia .- Nickel

Copper , Chile Peru Copper

Argentina Australia Belgium | Chile China Democratic Republic of the Congo Estonia Finland Indonesia Iran
p g
B Japan [l Malaysia || Myanmar Peru [ Philippines ] Qatar JJRussia [l Saudi Arabia [l United States

Chart: Canary Media * Source: IEA, The Role of Critical Minerals in Clean Energy Transitions




Figure 10 — Energy subsidies by category between 2008 and 2019

€ billion (in 2020 prices)
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Source: ECA based on the Study on energy subsidies and other government interventions in the European
Union, October 2021.
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Kernkraftwerk (50-100% Pn) Kernkraftwerk (80-100% Pn)
Maximalleistung 1400 MW Maximalleistung 1400 MW

Mindestleistung 700 MW Mindestleistung 1120 MW
Lastwechselrate + 70 MW/min Lastwechselrate + 140 MW/min

/

Kernkraftwerk {20-100% Pn)
IMaxamaIIeistung 1400 MW
I Mindestleistung 280 MW
{Lastwechselrate + 42 MW/min
L_T-" J—

=
(=}
(=}
o

Maximalleistung 900 MW
Mindestleistung 540 MW
Lastwechselrate *= 9 MW/min

Leistung [MW]

Maximalleistung 880 MW
Mindestleistung 260 MW
Lastwechselrate * 36 MW/min

i

\ Neues Steinkohlekraftwerk

Maximalleistung 340 MW Maximalleistung 1000 MW
Mindestleistung 85 MW Mindestleistung 250 MW
Lastwechselrate = 36 MW/min Lastwechselrate + 40 MW/min

15 20 30 35
Zeit [min]

Abb. 4.

Vergleich der Lastanderungsraten konventioneller Erzeugungseinheiten (adaptiert von [33]
mit Daten aus [32] und [34]).




Our World
in Data

Land use of energy sources per unit of electricity

Land use is based on life-cycle assessment; this means it does not only account for the land of the energy plant itself but also land
used for the mining of materials used for its construction, fuel inputs, decommissioning, and the handling of waste.

Coal power Minimum Median Maximum
carbon capture & storage (CCS) O 25m? per MWh O
Concentrating solar O O
gtower .24m2 per MWh
Solar photovoltaic (PV), silicon o ® On-ground solar has a relatively high land use,
installed on-ground 22m? per MWh but varies a lot based on location and density.
Coal power o) . Most land use for coal comes from the mining and excavation of sites
17m? per MWh for the raw coal fuel.
Solar photovoltaic (PV), cadmium o o
installed on-ground 14m? per MWh

Solar photovoltaic (PV), silicon o O Land use for solar is smaller if it's installed on roofs. This figure is not zero because

installed on roofs 12.5m? per MWh  some land is still needed for the mining of materials used to produce these panels.

Hydropower
small-to-medium plants (<360MW) 12m? per MWh
Gas plant
carbon capture & storage (CCS) 0.2_2m2 poer MWh
Solar photovoltaic (PV), cadmium C.O By utilizing roofs, total additional land use for solar can be small.
installed on roofs 1.9m2 per MWh This figure is not zero because some land is still needed for the mining of materials used to produce these panels.
Gas plant O
1.8m? per MWh
Nuclear power @ Nuclear energy uses the least amount of land.
0.7m? per MWh
0 10 m? 20 m? 30 m? 40 m? 50 m? 60 m?

Land use per megawatt-hour of electricity (m?-annum per MWh)

The land use of onshore wind can be measured in several ways, and is distinctly different from land use of other energy technologies. Land between wind turbines can be
used for other purposes (such as farming), which is not the case for other energy sources. The spacing of turbines, and the context of the site means land use is highly variable.
. Maximum = 247 m”
Onshore wind o 4
project site area Minimum = 8.4 m* 9m? —

Onshore wind @ This only includes the area directly impacted by the excavation and insertion of wind turbines.
direct impact area of the turbines 0.8m2 per MWh It does not include the area between turbines - this is captured in the ‘project site area’ measure above.

Nete Capacity factors are taken into account for each technology which adjusts for intermittency. Land use of energy storage is not included since the quantity of storage depends on the composition of the electricity mix.
Source: UNECE (2021). Lifecycle Assessment of Electricity Generation Options. United Nations Economic Commission for Europe for all data except wind. Wind land use calculcated by the author.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.




Lifecycle greenhouse gas emission ranges for the assessed technologies

Lifecycle GHG emissions, in g CO: eq. per kWh, regional variation, 2020
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[GETIEEN Lifecycle greenhouse gas emission ranges for the assessed technologies
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Spatial and material requirements by energy source*

Bubble size represents each source’s use of critical metal use**
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Evolution du taux de CO2 en g/kWh pour la consommation électrique
en Europe sur les 12 derniers mois

Suéde France Finlande Belgique

Danemark Espagne Autriche Portugal Royaume-Uni

Italie Allemagne Pays-Bas Irlande Pologne
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source : electricitymap.org 31/08/22 By Phiphou
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Impact of 10-Minute Interview with Millennials:
Nuclear as Energy Source of the Future Jumped

Now, from this list of electricity sources, select three that you envision as an energy
source of the future. (%)

Post

Pre
Solar TSR] 59 Solar PRI 54
Wind ISR 79 ([ Nuclear o4 |

Hydro [ 51 +40 wind |G 63
Natural gas [ 32 Hydro N 42
Geothermal [ 25 Natural gas 21
[ Nuclear [N 24 Geothermal [l 20

Coal W8 Coal Q7

Bisconti Research, Inc. survey of U.S. millennials February 2019




ur World

What are the safest and cleane\s\t sources of energy?

Death rate from accidents and air pollution Greenhouse gas emissions
Measured as deaths per terawatt-hour of electricity production. Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU. 1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.

zascconr [ G2 DX
36% of global electricity A

\1230-h’me5 higher than solar 273-times higher than nuclear energy

RNy 180-times higher than wind 4

490 tonnes

‘\613-t7'mes higher than nuclear energy

2.8 deaths Natural Gas
L]

22% of global electricity

2.6 deaths [ Il Biomass . 78-230

2% of global electricity ton nes

13 deatns ] Hydropower [ 34 tonnes

171,000 deaths from Bangian Dam failure in 1975, China 12% of global electricity

0.04 deaths | WI nd | 4 tonnes

7% of global electricity

003 deaths| NUcClear energy |3 onnes
Includes deaths from Chernobyl and Fukushima disasters ! 10% of global electricity
0.02 deaths SOla r | 5 tonnes
4% of global electricity

Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008; 2018); Sovacool et al. (2016); IPCC AR5 (2014); Pehl et al. (2017); Ember Energy (2021).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.




F18Y  Lifecycle impacts on ecosystems, in points, including climate change.

Note on unit: 1 point is equivalent to the impacts (in species-year) of 1 person (globally) over
one year.

Lifecycle impact on ecosystems, per MWh, in pointes
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Global energy supply investment by sector, 2019-2021

— mEn

T
Upstream oil and gas Mid/downstream oil Coal supply Low-carbon fuels Renewable power Fossil fuel power Nuclear Electricity networks

and gas

2019 2020 2021E




Figure 2.5 = Total energy supply in the NZE

m Other renewables
Wind

M Solar

M Hydro
Traditional use of biomass
Modern gaseous bioenergy
Modern liquid bioenergy

B Modern solid bioenergy
Nuclear

1 Natural gas
m Oil
m Coal

2010 2020 2030 2040 2050

Renewables and nuclear power displace most fossil fuel use in the NZE,
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050




NATURE AND ENVIRONMENT

Slovakia delays nuclear plant expansion

Darko Janjevic
05/07/2019

Amid complaints from Austria, Slovakia has decided to push back the long-awaited opening of two
new nuclear reactors. Activists claim to have evidence that the reactors' safety structures are
damaged and could fail.




Global primary energy consumption by source

Our World
in Data

Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as

fossil fuels.
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Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldInData.org/energy e CC BY




Global primary energy consumption by source

Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Hinkley Point C nuclear power plant

Eun fact about price breakdown

Construction cost
NUCLEAR POWER 17 €/MWh

Interest

73 €/MWh Fuel fabrication
7 €/MWh

Operating and
maintenance
11 €/MWh

Waste fund
2 €/MWh

Decommissioning fund
3 €/MWh
Price paid per MWh for power generated during first 60 years is assumed equal
to the CfD Strike Price (112 €/MWhin 2019 prices).




Figure 3 — EU energy subsidies by fuel type
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Source: Study on energy subsidies and other government interventions in the EU. All energies represent subsidies not
directly attributable to energy carriers or fuels (e.g. energy efficiency measures, energy demand/consumption incentives,
irrespectively of the energy carrier, investment grants, and particular R&D expenditures)

ANNEX to the Report from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions - 2021 report on the
State of the Energy Union - Contribution to the European Green Deal and the Union’s recovery 2021
https://ec.europa.eu/energy/sites/default/files/annex_to_the state of the_energy union_report_on_energy_ subsidies_in_the_eu.pdf



Electricity prices for household consumers, 202152
PPS
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change of fuel price.

Front end fuel cycle costs of 1 kg of uranium as UO2 fuel

Process Amount required x price* Cost Proportion of total
Uranium 8.9 kg U3Og x $94.6/kg $842 51%

S 7.5 kg Ux $16 $120 7%
I 7.3 sWU x $55 $401 24%
Fuel fabrication sl (s 8300 18%

s1e63

* Prices are approximate and as of September 2021.
At 45,000 MWd/t burn-up this gives 360,000 kWh electricity per kg, hence fuel cost = 0.46 ¢/kWh.




Requisitos materiais por fonte de eletricidade
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FINAL WASTE RADIOTOXICITY
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Figure 4.6 Graph showing how long high level radioactive waste stays radioactive. The y-axis measures how
radioactive the waste is as multiples of the radioactivity of uranium ore. Without recycling spent fuel stays
radiotoxic (i.e. more radioactive than mined uranium ore) for about 250 thousand years. If uranium and
plutonium are recycled - leaving fission products (FP) and minor actinides (MA) - then waste stays radioactive
for about ten thousand years. If minor actinides are removed then the vitrified fission products will stay
radioactive for only about 200 years.




World population with and without synthetic nitrogen fertilizers [SUSGE
" : : o TS o ' : in Data
Estimates of the global population reliant on synthetic nitrogenous fertilizers, produced via the

Haber-Bosch process for food production. Best estimates project that just over half of the global

population could be sustained without reactive nitrogen fertilizer derived from the Haber-Bosch

process.

7 billion World population

6 billion

5 billion

- World population supported
4 billion without synthetic fertilizer

World population fed by
3 billion synthetic fertilizer

2 billion

S
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Source: Erisman et al. (2008); Smil (2002); Stewart (2005)
OurWorldInData.org/how-many-people-does-synthetic-fertilizer-feed/ ¢ CC BY




Que um numero de paises cada vez maior ja decidiu avancar para
esta realidade, e que ha que avaliar que papel a Europa ( que ja liderou
esta tecnologia) quer jogar no futuro. E ai falar sobre os grandes
reatores ( com a Coreia do Sul, e a China a liderarem por velocidade na
construgao e no preco, dando o exemplo dos Emiratos, e os US, o
Canada e a Franga a tentarem recuperar. AvRusdia com uma boa
carteira de encomendas. Depois se quiser entrar nas razdes dos
atrasos de Olkiluoto, de Flamanville e de Hinkley Point, e na
possibilidade de recuperar com o programa dos 14 reactores em
Franca. E que essa opcao deixa poucas duvidas de que a Franga va
reforcar as interligacdes para a sua rede ser destabilizada por vagas
de energia intermitente que poderia pdr em causa a rentabilidade do
parque electronuclear francés. Isto seria o que eu diria, mas é total
livre de apresentar como entender melhor! E ndo esquecer uma
referéncia aos SMR e 4a geracao, ainda em fase experimental. Um
abraco



Coal 2 Nuclear

Descarbonizagdo WNA processos industriais

IEA manter poténcia firme
https://www.nucnet.org/news/head-of-iea-says-nuclear-is-essential
—in—-times-of-crisis-3-1-2020
https://www.iea.org/reports/nuclear-power-and-secure-energy-trans
itions/executive-summary
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