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Generation |

Early Prototypes

Generation Il

Commercial Power

¢
il - PWRs
- Shippingport - BWRs
- Dresden - CANDU
- Magnox
1950 1960 1970 1980

Generation Il

Advan LWRs

- CANDU 6
- System 80+
- AP600

1990 2000

Generation 1+

Evolutionary Designs

- ABWR

- ACR1000
- AP1000

- APWR

- EPR

- ESBWR

2010

NUCLEAR FUEL CYCLE

Generation IV

Revolutionary
Designs

- Safe
- Sustainable
- Economical

- Proliferation
Resistant and
Physically
Secure

SOURCE:

INTERNATIONAL ATOMIC ENERGY AGENCY




Source: INB

POWER DENSITY?

1KG 10t 20t

NATURAL
URANIUM

CRUDE OIL

= COAL
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INDUSTRIAL SUPPORT TO JOINT TO!
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INDUSTRIAL SUPPORT TO JOINT TO!

Area needed for 1 Gw generation [km?]

673-932 i

---------- FEARPRET APAERTETES SrEeetrhe
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117-194

Musiane Solnr
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Source: AIEA / ONS

Curva de Geragao (MW) Curva de Geragdo (MW)
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Geragao Nuclear Geragdo Solar
2,500 20.000
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%00 5000 Geragde: 12168
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SOURCE:

IEA scenarios vs. IPCC 1.5°C scenarios

FAA oA

STRAIGHT TO THE POINT!

EA scanarios vs. IPCC 2.0°C scenarios

0T

20 1 | ! I |
2020 2030 2040 2050

2010

| | | | | | | |
2008 2020 2025 2030 2035 2040 2045 2050

© MNet Zero Emssions by 2050 Scerano @ Anncunced Pledges Scemario

Intergovernmental Panel on Climate Change (IPCC)

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS — IIASA
https://www.iea.org/energy-system/electricity/nuclear-power#tracking
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https://www.iea.org/energy-system/electricity/nuclear-power#tracking

COP 28 — UAE DUBAI| DECEMBER 2023

United Nations ‘\ T | The COP28, the UN climate conference,
Climate Change /

ended in Wednesday (13/12) in Dubai, in the
United Arab Emirates, place an agreement
that proposes for the first time the
"transition towards the end of fossil fuels”.
The text requires countries to change their
energy systems “in a fair, orderly and
equitable manner”.

The document also urges the convention's
198 member countries to “accelerate action
in this critical decade to achieve carbon
neutrality by 2050, according to science”.

Plenaria final da COP28, em Dubai. nos Emirados Arabes Unidos Foto: Christopher Pike/UNFCCC

7 SOURCE: https://www.gov.br/mma/pt-br/cop28-aprova-transicao-para-combustiveis-fosseis LAS/ANS SYMPOSIUM, JULY15-18 /2024 |! I n B



CO, EMISSIONS IN 2022: GROWTH IN EMISSION

“...global growth in emissions
was lower than feared, despite

& gas-to-coal switching in many
countries. ...”

Global energy-related CO, emissions
grew by 0.9% or 321 Mt in 2022, reaching
a new high of over 36.8 Gt.

Emissions from energy combustion
increased by 423 Mt, while emissions
from industrial processes decreased by
102 Mt.

Increased deployment of clean energy
: technologies such as renewables,
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2. electric vehicles, and heat pumps helped
prevent an additional 550 Mt in CO,
Global CO, emissions from energy combustion and industrial processes, 1900-2022 emissions.

' g
8 SOURCE: https://www.iea.org/topics/global-energy-transitions-stocktake ) 5 \
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Clean technology market share

Emergence Crffusion Reconfiguration

International assisiance and firarce —p
Wider development and deployment of solutions

Coordirated mar<et creaon—» | o
Stronger Incentives for Investment 0

Coord nated infrastructure deployment —9

$ | Cocrdinatec deplcyment—p Connections and interoperability

Larger economies of scale

Coord nated standarcs —p
Level playing flelds where needed

Coordinated deve opment
anc Testing —p
Faster innovation

Time

SOURCE:

https://www.iea.org/topics/global-energy-transitions-stocktake

LAS/ANS SYMPOSIUM, JULY15-18 /2024

WHAT’S NEEDED!

“...Stronger international
cooperation in high emissions
sectors crucial to get on track for
1.5C climate goal

In the past year, only modest progress
has been made in strengthening
international collaboration in the areas
where it is most needed.

But much more progress is needed in
aligning policies to create demand for

clean technologies, and in
establishing dialogue on trade iIn
sectors where this is likely to be

critical to the transition.

O'nB



MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Nickel 5Y Historical data

Nickel (USD/T) 14136.500 -332.500 (-2.30%) £0000

45000
40000
35000

30000

Pl Dec 23 2019 Plirl 2022 2023 2024 Q& Work to install Rooppur 1's core barrel was
completed in May 2023 (Image: Rosatom)

10 SOURCE: https://tradingeconomics.com/commodity LAS/ANS SYMPOSIUM, JULY15-18 /2024 “ ;' I n B



MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Molybdenum (CNY/Kg) 209.02
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MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Aluminum (USD/T) 1822.50 +21.00 (+1.17%)
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MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Tiras simples

Tin (USD/T) 16800.000 -270.000 (-1.58%)
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MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

I
Coal (USD/T) 66.55 +0.35 (+0.53%)
|

|
|
|
|
I
|
|
|
|

|
|
I
|
|
I
|
|
|
|
|
|
|
|
|
I
|

Pl Dec 23 2019 PR 2022 2023 2024

1Y 5Y 10y Al

14 LAS/ANS SYMPOSIUM, JULY15-18 /2024 R ' I n B



MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Steel Rebar (CNY/T) 3700.00
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MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

wo o~ FOFEN

Hot-Rolled Coil Steel (USD/T) 56500

(¥yExpot BaAPI L7

Sep 09 2018

1Y 5Y  10Y Al

SOURCE:

2021 2022

https://tradingeconomics.com/commodity
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MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Summary  Stats  Forecast  Alerts L Export~

W A =i 3, S Expot BAPI 57

Uranium (USD/Lbs) 25.0000 -0.2500 (-0.99%) 110

P\ 100
\

plt Dec 23 2019 2021 2022 2023 2024 EEE

1Y  5Y 10Y  25Y Al

17 SOURCE: https://tradingeconomics.com/commodity LAS/ANS SYMPOSIUM, JULY15-18 /2024 ! X I n B



MATERIALS PRICES: THE TREADS AND RECENT IMPACTS

Resources and Potential of Mineralization

Tonnes of U;0;
PO | Memudd |y | o

Caetite 51,520 35,569 87,089

Santa Quitéria 75,010 4614 79,624

Others 39,500 26,600 66,100

TOTAL 166,030 66,783 232,813

Potential of Mineralization: Pitinga/AM 150,000 t U;0;
e Exploration Project Rio Cristalino/PA 150,000 t U;04

4 Project under development

4 Operations
A Depleted Mine (ref: internal INB reports)

18 SOURCE: INB LAS/ANS SYMPOSIUM, JULY15-18 /2024 ! ' I n B



ENERGY PRICES: THE TREADS AND RECENT IMPACTS

Germany Electricity Price

Summary Alerts

TW o~ =i A, ¢y Export BAPI 57

Germany Electricity Spot Prices (EUR/MWhH) 25 57 +1.07 (+4.37%)
FOO
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1Y 5Y Al

19 SOURCE: https://tradingeconomics.com/commodity LAS/ANS SYMPOSIUM, JULY15-18 /2024



ENERGY PRICES: THE TREADS AND RECENT IMPACTS

France Electricity Price

Summary  Alerts

France Electricity Spot Prices (EUR/MWh) 44 06 -1 64 (-3.59%)
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ENERGY PRICES: THE TREADS AND RECENT IMPACTS

UK Electricity Spot Prices (GBP/MWh) 42 78 -2.79 (-6.12%)
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ENERGY PRICES: THE TREADS AND RECENT IMPACTS
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https://www.iea.org/data-and-statistics/charts/industry-end-user-prices-for-electricity-in-selected-countries-2019-march-2023
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ENERGY PRICES: THE TREADS AND RECENT IMPACTS

JS0/MWh

Germany

Japan

Jun-22 o \

© Japan: 163 USD/MWh
@ rrance : 148 USD/MWh ——
o - O Germany : 205 USD/MWh  [~@——"""""" china
@ United States: 84 USD/MWh
© China: 62 USD/MWh
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IN OPERATION

REACTORS FLEET

UNDER CONSTRUCTION
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24 SOURCE:

https://pris.iaea.org/PRIS/WorldStatistics/UnderConstructionReactorsByCountry.aspx
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QOInB

B M=t Electrical Capacity, GW(g)
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https://pris.iaea.org/PRIS/WorldStatistics/UnderConstructionReactorsByCountry.aspx

NUCLEAR SHARE
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NUCLEAR SHARE
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For the weakending Way3, 2024

ATradeTech® publication

Nuclear Market
Review

The source faruranlum prices & analysis since 1968

U

The Market

Weakhy 0w Spot Price Indlcator*
$92.15 (rup sasg
;allyuﬂuspo‘tpncelndlcitol‘
$92.15 iownsoas)

Mid-TermUsOs Pricelndicator”

§95.00 (n4y30/24)

LongTerm UaOa Price Indicator
$80.00 pajzons

Froduction CostIndicator”

$56.90 pamopng

*Us§ perpoundhOsequivalkent

The Market Thisweek...

« Fiftzentransactions inthespaot
uranium market.

« Mo transactions and no new
demand intheterm uranium
rmarket.

= Mo transactions and new demand
Inthe cormver sion market,

= Mo transactions and new demand
Inthe enrichrent market,

Uranlum

The pastwesk sawa dramatic shift
Inthe nuclear fuel marketwith the
US Senate passing by unanimous
wiote the Prohibiting Russlan
Uranium Imports Act (H.R. 1042)

on Tuesday, April 20 (in Focus, o 5).

The sctwill bar imports of Russian
nuclear fuel intothe USA 80 days
after enactrmentonce President
Joe Blden signsitinto law. 1t does
allow temporary walvers under
certain circurstances, which
Include: 1) no altemativeviable
source of low-enriched uranium s
avallableto sustain the continued
operationofa nuclearreactor or
a Us nuclear ener gy comparny, or
2) Importation ofthe uranium s in

thenational Interest. Amy wabvar
mustterminate by January 1, 2028,
The banceaseson

December3l, 2040,

Upon announcement thatthe
Sanate had passed the bill, the
spoturaniumprice increased

by & 2.00—from$20.00 to §82.00
per pound U,0,—with four
transactionsclosing at that level.
Sallers continued to Increase thelir
offer prices the fol lowing day with
prices moving to $82.50 on May 2.

Today, two transactionswere
conduded at§92.50 perpound
L, 0y ane earlier in the day and
one anhour priortothe close
ofbusiness, Withinthelast

20 minutes of business, one saller

LAV A A N

Figure 1 TradeTech Uranium Spot Price, 1996 - 2024

1 Muxloar Market Rowlow My 3, 2024

29 SOURCE:

TRADE TECH www.uranium.info

May, 3 2024

URANIUM MARKET

Uranium

The pastweek saw a dramatic shift
inthe nuclear fuel marketwith the
US Senate passing by unanimous
vote the Prohibiting Russian
Uranium Imports Act (H.R. 1042)

on Tuesday, April30 (In Focus, p.5).

The Actwill barimports of Russian
nuclear fuelinto the USA 90 days
after enactmentonce President
Joe Biden signs itinto law. It does
allow temporary waivers under
certaincircumstances, which
include: 1) no alternative viable
source of low-enriched uranium is
available to sustain the continued
operationof a nuclear reactoror
alUSnuclear energy company, or
2) importationof the uraniumisin

LAS/ANS SYMPOSIUM, JULY15-18 /2024

the nationalinterest. Anywaiver
mustterminate by January 1, 2022,
Thebanceaseson

December31, 2040,

Upon announcement thatthe
Senate had passed the bill, the
spoturanium price increased

by 52.00—from 590.00 o 592.00
per pound U,0,—with four
transactions closing at that level.
Sellers continued toincrease their
offer prices the following daywith
prices moving to 592.50 on May 2.

Today, two transactions were
concluded at 592.50 per pound
U,0,; oneearlierin the dayand
onean hour prior to the close

of business. Within the last

30 minutes of business, one seller

O'nB


http://www.uranium.info/

Monthly MarketValues

04/30/24 __ Units
NUEXCO® Exchange Value $90.00 USS/IbUz0s
UFeValue $2095.00 USS/kgUasUFs
Loan Rate S.60 Percent/annum
Conversion Yalue
~NorthAmerican $55.00 USS/kgUasUFs
- European $50.00 USS /kgUasUFe
SWU Value 5166.00 USS /SWuU
Transaction Value $93.95 USS/IbUz0s
Mid-Term U30s Price Indicator $95.00 USS/IbUs0e
Long-Term Uz0sPrice Indicator $80.00 USS/IbUz0s
Production Costindicator $56.90 USS/IbU30s
Mid-Term Conversion Price Indicator
- North American $55.00 USS /kgUasUFe
- European S55.00 USS /kgUasUFe
Long-Term Conversion Price Indicator
~MNorthAmerican $36.00 USS/kgUasUFs
-European $36.00 USS/kgUasUFs
Mid-Term SWU Price Indicator $166.00 USS/SWU
Long-Term SWU Pricelndicator  S158.00 USS/SWU

30 SOURCE: TRADE TECH www.uranium.info ~ May, 3 2024
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BACK TO THE BUSINESS 1!

1- Expanding renewables (clean?)

[...the use of renewable energies must be massively
increased worldwide. ...]

2- Transforming conventional power (SMR?)

"The energy industry [...we cannot and should not overlook the infrastructure that
already exists. This can and should be used as a bridge to
carry out the transition. ...]

has the ability to
develop the

technologies for a 3- Strengthening electrical grids

[...The increasing share of renewables and increasing
electrification require larger, more robust grids that can

future net-zero energy

system. But we need to handle the fluctuations of this type of energy. ...]
move from rhetoric to

e 4- Driving industrial decarbonization
action.
[to conserve energy wherever possible! Efficiency?]

Christian Bruch
CEO Siemens Energy 5- Securing the supply chain and necessary minerals

[More materials and minerals are needed for the energy
transition. ...]

31 Source: Siemens energy LAS/ANS SYMPOSIUM, JULY15-18 /2024



BACK TO THE BUSINESS 2!
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BACK TO THE BUSINESS !

PDE 2032 | Como evolui o consumo de eletricidade na rede? epe
Consumo rede (TWh)
Por cendrio
P Cont Srpanm Cenério referéncia i
@ Cendrio Referdnos Crescimento médio de
@ Cenirio inferior 3.4% angas entre
2022 e 2002 ‘ 714

(
2030

]

i

o o - o

018

1019
(
)

O consumo de eletricidade na rede cresce 3 taxa média de 3,4% ac ano no cenario de referéncia, enquanto no cenario superior o
crescimento anual é de 4,1% e no cenario inferior de 2,8%.

W nistEnD

Minas ¢ Snerais <> Plano Decenal de Expans3o de Enenps 2032 | 7
Source: https://www.epe.gov.br/sites-pt/publicacoes-dados- : n
33 abertos/publicacoes/PublicacoesArquivos/publicacao-689/topico-640.pdf LAS/ANS SYMPOSIUM, JULY15-18 /2024 : I !



IS THE NUCLEAR TECHNOLOGY AND DESIGN REALLY SAFE?

NHK WORLD B

JAPAN §
\N‘g:i‘
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search?rlz=1C1GCEU_pt-BRBR1014BR1014&qg=Fukushima+quantos+tsunamis&tbm=isch&source=Inms&sa=X&ved=2ahUKEwj6_emilrAAXWdrZUCHd18BI0Q0pQJegQl
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BACK TO THE BUSINESS 4!

U.S. DEPARTMENT OF

ENERGY

Nuclear Energy

NGNP / HTSE Conceptual Design

NGNP Concept for Large-Scale Centralized Nuclear Hydrogen
Production based on High-Temperature Steam Electrolysis
m Direct coupled to HTGR reactor for electrical power and process heat
® 600 MWth reactor could produce ~85 million SCFD hydrogen (similar to a large
steam methane reforming plant) and 42 million SCFD oxygen
u Potential applications include petroleum refining, o
ammonia production, _ 2 RAA
synthetic liquid fuels, -
hydrogen as a
direct vehicle
fuel
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INB — USICON AND UCEU PROJECTS — MASTER PLAN
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CHANGE OUR MINDS!

Energia Nuclear é segura? ==

....a energia nuclear ainda é mals

segura do que a hidrelétrica;

v duas vezes mais segura que a
edlica;

v' seis vezes mais segura do que
solar; e

v mails de 200 vezes mais segura
que a mais segura e menos
poluidora das industrias de
carvao...
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A energia nuclear como alternativa !
a produgao “livre de Carbono”
122014 1212004 0272015 042015 062015
PSA 387 06 ng/mL PSA 38706 ng/mL PSA9.21 ngml PSA 1.88 ng/mL PSA 1.08 ng/mL

150 MBq “Ga-PSMA1!  6GBq "'Lu-PSMABTT 6 GBq "Lu-PSMABTT 6.G8q 'Lu-PSMABIT 700 MBq "™ Te-MIP1427

e ——— /___,_..-————-— PETICT(MIP) 1 hpi  Planar scan (GM) 20hpi  Planar scan (GM) 20 hpl.  Planar scon (GM) 20 hpi.  Planar scan (GM) 3 hpl
—— BN == SE .u.wnmuinw.zomsz-m J Nuct Med 2016; 57:1170-1176

“...Stronger international cooperation in high emissions
sectors crucial to get on track for 1.5°C climate goal ...”.
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ROUND TABLE 5: INDUSTRIAL
SUPPORT FOR ENERGY
TRANSITION

JOAO DA SILVA
GONCALVES
THANK Youl! —

JOAOGONCALVES@INB.GOV.BR
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