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EXPLOSIVE GROWTH
IN THE URANIUM PRICE:
IS NUCLEAR BACK?




Disclaimer:

The information provided on this presentation is general in nature and
does not constitute personal financial advice. The information has been
prepared without taking into account your personal objectives, financial
situation or needs. Because of this, you should consider the
appropriateness of the information for your own objectives, financial
situation and needs before acting on it. Also, before you decide to
invest in a financial product arranged by a representative of Nucleus
Wealth Management Pty Ltd, ABN 54 614 386 266, corporate authorised
representative of Nucleus Advice Pty Ltd AFSL 515796 (Nucleus Wealth
or we or us), it is important that you read and consider the Product
Disclosure Statement relating to the product before making any
decision about whether to invest in it. Your Nucleus Wealth adviser can
help you with this decision if you would like them to do so.
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The case for:

e Taken from Thomas Pueyo
https://unchartedterritories.tomaspueyo.com/p/why-nuclear-is-the-bes
t-enerqy



https://unchartedterritories.tomaspueyo.com/p/why-nuclear-is-the-best-energy
https://unchartedterritories.tomaspueyo.com/p/why-nuclear-is-the-best-energy

The case for: Safety

Death rates per unit of electricity production

Death rates are measured based on deaths from accidents and air pollution per terawatt-hour® of electricity.
Brown coal 32.72
Coal

Oil
Biomass

Gas

Hydropower

Wind | 0.04

Nuclear | 0.03

Solar | 0.02

Data source: Markandya & Wilkinson (2007); Sovacool et al. (2016); UNSCEAR (2008; & 2018)
OurWorldInData.org/energy, | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a watt-hour is
equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand watt-hours. -
Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion watt-hours.



The case for: Safety

Average lonizing from Different Sources

In mSV per person per year

Living close to a nuclear plant
Eating one banana
Living close to a coal plant
Dental X-Ray
Airplane flight LA — NY

Head CTScan |

Average natural radiation I

Whole body CT Scan i

Ramsar natural radiation |
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The case for: Safety

Average lonizing from Different Sources

In mMSV per person per year, logarithmic axis

Living close to a nuclear plant [ 0.00009
Eating one banana | 0.0001
Living close to a coal plant | I 0.0003
Dental X-Ray | NN 0.005
Airplane flight LA-NY [ N NN 0.0/
Nuclear worker annual radiation [N .18
Head CT Scen I
Average natural radiation | N 5
Average total radiation in the US [ s
Whole body CT Scan - | 'O
Ramsar natural radiation | 260
Chernobyl 1st responders | I, G000

0.00001  0.0001 0.001 0.01 0.1 1 10 100 1000 10000

Note: All data

Source: Wikipedia, https./

is per year, except for Chernobyl, which was in a few hours.
>d.com/radiation/




The case for/against: Safety

Motorcycles are the deadliest.
Passenger deaths per 1 billion passenger miles, 2000 to 2009

Motorcycle 212.57
car | 7.28
Ferry | 3.17
Train [0.43

Subway |0.24
Bus (0.11

Plane |0.07

WAPO.ST/WONKBLOG Source: lan Savage, Northwestern University



The case fFor: Environmental

Land use of energy sources per unit of electricity Our World

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.

in Data

Minimum Median Maximum
Hydropower
small-to-medium plants (<360MW) 33m? per MWh
Concentrating solar O @ O
tower 22m? per MWh
Coal power
carbon capture & storage (CCS) o .21mz per MWh o

Solar photovoltaic (PV), silicon On-ground solar has a relatively high land use,

installed on-ground [©) .19m2 per MWh O but varies a lot based on location and density.

Coal power [e) . Most land use for coal comes from the mining and excavation of sites
15m? per MWh  for the raw coal fuel.
Hydropower o @ re)
large plants (>660MW) 14m? per MWh
Solar photovoltaic (PV), cadmium o)
installed on-ground 12.6m? per MWh
Solar photovoltaic (PV), silicon ¢! Yo Land use for solar is smaller if it's installed on roofs. This figure is not zero because
installed on roofs 3m? per MWh some land is still needed for the mining of materials used to produce these panels.
Gas plant
carbon capture & storage (CCS) Ql 3?1; per MWh
Solar photovoltaic (PV), cadmium By utilizing roofs, total additional land use for solar can be small.
installed on roofs 1.2m? 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
1m? per MWh
Nuclear power @ Nuclear energy uses the least amount of land.
0.3m? per MWh
0 10m? 20 m? 30 m? 40 m? 50 m? 60m?

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 Maximum = 247 m .
project site area Minimum = 8.4 m* 99 m? >

Onshore wind ® This only includes the area directly impacted by the excavation and insertion of wind turbines.
direct impact area of the turbines 0.4m? per MWh It does not include the area between turbines - this is captured in the ‘project site area’ measure above.

et Capacity factors are taken into account for each which adjusts for i i 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.
See Our linData. land- P g) urce for more research on this topic. Licensed under CC-BY by the author Hannah Ritchie.




The case fFor: Environmental

SIGRR OAL. AT, GRGOUNE. URANIUM /ul"(

SCENCE TiP: LOG SCALES ARE FOR QUITTERS WHO CANT
FIND ENOUGH PAPER TOMAKE THEIR POINT /ROPEHLY




The case fFor: Environmental

Solar panels produce ~300x more waste than nuclear
reactors when providing the same amount of energy.
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w
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o
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(cubic meters per TWh)

10000

Waste Production per Energy Produced

Solar Nuclear

Sources and Notes:
US GAO, http://www gao gov'key issues/disposal of highlevel nuclea

¢ waste/issue_summary

‘World Nuclear Association, http.//www world-nuclear org/information-library/nuclear-fuel-cycle/nuclear wastes/radioactive waste-management aspx
htp./fvewew. wordd-nuclearorg/information library/facts-and-figures/world-nuclear power-reactors-archive/reactor-archive -december-2015.aspx

IAEA, https: /dwvew.iaea org/P!

‘;) BP, hitp:/fveww bp com/en/global/corporate/energy-economicy/statistical-review-of -wordd-engegy hitm!

.

Solar panels sp vary. Panel specif were dardized according to TrinaSolar's Duomax Dual Glass 60-Cell Module:
http/istatic. tnnasolar.com/sites/default/files/PS-M-047 4% 20A% 20Datasheot_Duomax PEGS XX _US Feb 2017 A pdi

ENVIROUMENTAL
PROGRESS




The case for/against: Environmental

| Federal Ddfice for bl Excluci " N
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Time providing 100% of primary energy (years)

The case for: Sustainability

How long nuclear fission can power the world
10%° 4 4.3e409 5.0e+09

Nuclear breeder reactors
108 - can power all of humanity
until the sun burns out

106 - 5.3e+05
104 .
3737.0
1651.0
812.0
102 -
57
Non-breeders Non-breeders Breeders Breeders Breeders Breeders Sun consumes Earth
Mined Uranium Seawater Uranium Mined Uranium Mined Uranium Mined Uranium Mined Uranium
and Thorium and Thorium and Thorium,
and Seawater Seawater and
Uranium Erosion Uranium

CC-BY-NC by whatisnuclear.com



The case for: Sustainability

1ium235)
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Reuseable
material
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The case for: Reliability

Figure 1.1. Global distribution of identified recoverable conventional uranium resources
(<USD 130/kgU as of 1 January 2021)

Russia
Canada 8%
10%
Ukraine Kazakhstan
20 13% Mongolia
2%
. United States * Uzbekistan*
1% 2% China*
4%
Niger*
5%
Tanzania®
Brazil “1%
5%
Namibia = l:;tsmna‘
8% .
A

South Africa® 2:.::"“

5%
* Secretariat estimate or partial estimate.
The global distribution of identified rec ble c: ional uranium resources in the <USD 130/kgU cost category among 15 countries, which are either major uranium producers or have significant
plans for growth of nuclear generating capacity, illustrates the widespread distribution of these resources. Together, these 15 countries are endowed with 95% of the global resource base as specified

above (the remaining 5% are distributed among another 24 countries). The widespread distribution of uranium resources is an important geographic aspect of nuclear energy in light of security of

eneray supply.



The case for: Reliability

Uranium Production by Country

Ukraine: 2%

China: 4% Other: 1%
. 0

Uzbekistan
7% Kazakhstan

41%

Canada
9%

Namibia

0,
U Australia

13%

Source: World Mining Data,
via https://wisevoter.com/country-rankings/uranium-production-by-country/



The case for: Reliability

United States Lower 48

Hourly electricity generation by source

Wi, 1"

Megawatt-hours

Dec 7 Dec 9

Data source: U.S. Energy Information Administration. From @ GridBrief



The case for: Reliability

Example of load-following during
24 hours at some German nuclear power plants

1500

1200

900

=
=
600

—— KBR (Brokdorf) ..... KKG (Grafenheinfeld) ..... KKI 1 (Isar)
— KKI 2 (Isar) —— KKU (Unterweser) — KWG (Grohnde)

Courtesy of E.ON Kernkraft.



The case for: Stability

Typical nuclear electricity (G) NEA
<

generation cost breakdown

NUCLEAR ENERGY AGENGY

5% discount rate

ol

| [
" Decommissioning
0.3%

" Uranium
6%

" Conversion

> 1%

€ ‘ ~ Enrichment
4%

Investment " Fuel fabrication
59% 1%

\\

Waste
management
4%

Operation and
maintenance

25%

Source: IEA/NEA, Projected Costs of Generating Electricity, 2010.



The case for/against: Economics

Electricity costs according to data from Lazard
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The case for: Economics

1992 1995 1998 2001 2004 2007 2010 2013 2016

e C0Oal -—@—NaturalGas = Nuclear -—®—Solar -—e— Wind




The case for: Economics

India’s new nuclear reactors are cheaper than solar

Kakrapar 3 & 4
nuclear reactors

Bhadia
Solar Park

Pavagada
Solar Park

Kurnool Ultra
Mega Solar Park

$2.448B

$1.408B

$2.208B

$0.888

Capacity

1,400

2,250

2,050

1,000

90%

25%

25%

25%

11,038 GWh

4,928 GWh

4,490 GWh

2,190 GWh

$0.22

$0.28

$0.49

$0.40



The case fFor: Economics

California's duck curve hits record lows
Lowest minimum net load day each year in CAISO, 2015-2023

Evening
peak

Evening ramp
“neck of the duck”

Midday solar saturation
“belly of the duck”

T T T T 1

2023
12AM 3AM 6AM 9AM 12PM 3PM 9PM 12AM

Source: CAISO | @BPBartholomew ( The
Note: Net load shown is demand minus utility-scale wind and solar - Merit Order
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The case for: Economics

LCOE of Wind and Solar
with and without Storage

Additional
storage
cost

Cost
without
storage

Solar + storage
o

&8

+40%

+60%

$/MWh



The case for: Economics

Cash Flow Profile of Nuclear vs Solar Power Plants

A

v

Nuclear energy

It recoups money fast
afterwards... only if the initial
construction cost and cost of
[* g capital were low.

During all this

construction time, the

nuclear plant sinks

more and more money




The case for: Economics

Average Construction Cost of Nuclear Power Plants
Across Different Countries

United Kingdom e
United States 10.23

South Korea
o T S SRRy |
S

Average construction cost (inflation adjusted GBP) per MW for all plants with reliable cost data built since 2000
Chart: Britain Remade - Created with Datawrapper



The case for: Economics

Figure 28: Cost gap between nuclear- and industrial-grade valves

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Gate valve, 75 mm, Butterfly valve, 90 cm  Large bore-operator Check valve

stainless steel valve

B Industrial grade  ® Nuclear grade



The case for: Economics

Home office services

Field job supervision
Temp construction fac
Payroll insurance & taxes
Nuclear steam supply sy
Construction tools & equip
Air water + steam serv sy
Reactor containment bldg.
Other reactor plant equip
Elect struc + wiring contnr
Turbine generator

Field QA/QC

Turbine room + htr bay | Indirect cost

Yardwork _
M Direct cost

Mechanical equipment
1 1 1 1 1

0% 5% 10% 15% 20% 25%
Contribution to cost change

Change in cost for plants between 1976 and 1988. Source.


https://www.sciencedirect.com/science/article/pii/S254243512030458X#bib15

The case for: Economics

Increase in Codes and Standards
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The case for/against: Economics of regulation

Motorcycles are the deadliest.
Passenger deaths per 1 billion passenger miles, 2000 to 2009

Motorcycle 212.57
car | 7.28
Ferry | 3.17
Train [0.43
Subway |0.24
Bus |0.11

Plane |0.07

WAPO.ST/WONKBLOG Source: lan Savage, Northwestern University



The case for/against: Economics

Electricity costs according to data from Lazard
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The case for/against: Economics

UAMPS NuScale SMR Target Price of Power

$0 $30 S60 S90 $120
per MWh
2016 $55
2021 $58
2023 - January $89 /;S?,'Zos/u/\g%)y

Sources: UAMPS statements; January 3, 2023 Talking Points |[EEFA



The case for/against: Economics

e SMR Rolls Royce. $2.3b, $50-$75 per MWh, 60 years
e Up front vs ongoing. Payback period.



The case for/against: Economics

Break-Even Rates for Oil Prices at Which Life-Cycle Costs, Discounted Using
Risk-Adjusted Rates, Are Equal for a Nuclear and a Conventionally Powered Fleet

(Relative discounted cost, nuclear power to conventional power, as a percentage)

140
LSD(X) Amphibious

120 F Destroyers® Dock Landing Ships
100 S

80 LH(X) Amphibious

O = Break-Even Rate Assault Ships

60 —

40 e

20 |- I Corresponding Price per Barrel of Oil in 2040 (2011 dollars) ]

[s86] s115 [s152] 202 [s353] [s465]
0 | | 1 1 | 1 1 | 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Real (Inflation-Adjusted) Annual Rate of Increase in the Price of Qil Beyond 2011 (Percent)
Source: Congressional Budget Office.



The case for/against: Economics

Scalability. Batteries and solar are amazing!
Distribution. If old system is right, Nuclear looks better
200 ships using Nuclear now.

Thorium. Way less dangerous, far less radiation, electricity output
better, no plutonium produced. Problems: not widely used, it ain’t
the safety!!



Choose themes to screen from your portfolio away from (i.e. remove stocks)

Climate Change War Human Rights Health
& / é )
Vices Animal Rights Religion Asset Class
Thematic

[

No Fossil Fuels (Worst Offenders) ®
No Fossil Fuels (Any) ®
No Coal Seam Gas or Fracking ®
No Nuclear Power @

No Old Growth Forest Logging ®



Uranium: Demand/Supply
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Figure 1: Upper Scenario Supply (metric tons Uranium).
(Source: World Nuclear Association - The Nuclear Fuel Report 2023).




Uranium: Supply

more abundant than gold, silver or mercury, about the same as tin and
slightly less abundant than cobalt, lead or molybdenum.

Open pit 0.05% to 0.1%

Underground Canada 15-20%

Other mineral (0.023% of Olympic Dam, copper gold, silver)
In-situ Leach (ISL). Acid. Most US/Kazakh.

Milling: crush then leach

U303 =85% U by weight.

Decommissioning nuclear weapons. 12,000 tU per year 15-20%.
Potential for re-processing

Many mines under capacity

Seawater = $200/lb



Uranium:Supply

The largest-producing uranium mines in 2022

Mi Count Mai T Production % of
ine ountry ain owner ype (tonnes U) o
Cigar Lake Canada Cameco/Orano underground 6928 14
Husab Namibia Swakop Uranium (CGN) open pit 3358
Inkai, sites 1-3 Kazakhstan Kazatomprom/Cameco ISL 3201
: ' -~ by-
Olympic Dam Australia BHP Billiton product/underground 2813 6
Karatau Uranium
(Budenovskoye 2) Kazakhstan One/Kazatomprom oL 2960 ?
Roéssing Namibia CNNC open pit 2255 5
SOMAIR Niger Orano open pit 2020 4
Four Mile Australia Quasar ISL 1740 3
Central Mynkuduk Kazakhstan Ortalyk ISL 1650 3
Uranium
South Inkai 4 Kazakhstan - ISL 1600 3
One/Kazatomprom

Top 10 total 28,125 57%




Uranium: Cost Structure

2023 U308 Production Ranked on Total Cash Cost Grouped by Country*

Scenario: Market Intelligence 2022 Constant USD

Production (%)

_ Niger
Russia -
’ Namibia
Australia
Kazakhstan

23
Paid U308 (000 tonnes)

® Mine ® mil ® TCRC+Shipment @ Royalty



Uranium: Cost Structure

2023 U308 Production Ranked on Total Cash Cost*

Scenario: Market Intelligence 2022 Constant USD

Production (%)
50 75 100

(=]
N
wn

3,500

3,000

2,500

2,000

1,500

Total Cash Cost {¢/lb)

1,000

500

0 12 23 35 47
Paid U308 (000 tonnes)

@® Mine @ wmill @ TCRC+Shipment @ Royalty



Uranium: Cost Structure

Recent Feasibility studies

Stock Country Approx Size Approx Cost (USD)
Mibly @ % World Initial Capex | AISC/Ib

Deep Yellow | Namibia 3.6 2.2% $360m $38
Alligator Australia 1.2 0.7% $130m $33
Denison Canada 7.6 4.7% $550m  $25-30*
Laramide USA 1.0 0.6% $50m $35

Fission Canada 10 6.1% $850m $25-30*



Tonnes of uranium metal {tU}

80,000

Uranium: Cost Structure

70,000

60,000 -

50,000

10,000

L '} L 1 1
>

' 1 1 L A 1 L ' L 1 ' 1 1 L
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*2009 values are estimates

Figure 2. Historic uranium production and nuclear powerplant requirements, 1945-2009. From NEA-IAEA (2010},

reproduced with permission.



Uranium: Cost Structure

Current USD/kg U

o L 1 1 L L 1 L ' 1 ' I 1 L A 1 1 1 A A 1 1 L A A 1 1 1 /! 1 1 o
& 4
R B R S AU G B B A B A
Year
EXPLANATION
—— US (spot contracts) m—w= Australia (average uranium metal
w e Eratom (multi-annual contracts) export price)
.......... Niger we= «» Canada exports
= US {long-term contracts) === Euratom (spot contracts)

Figure5. Uranium prices in U.S. dollars per pound of uranium oxide (U,0,), by type of contract, by major
buyers, 1978-2009. From NEA-IAEA (2010), reproduced with permission.

USD/Ib Us0s



Uranium: Cost Structure

FRED 240 — Global price of Uranium
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Uranium: bubble 2007

Flooding of Cigar Lake mine (now world’s biggest)
India/China nuclear plans

Reduced weapons grade uranium from 2004.
Renaissance in discussions of Nuclear power

2011 Fukashima



Personalise Your Portfolio

Screens Tilts
You can exclude the below to customise your portfolio You can add the below to customise your portfolio
Climate Change War Human Rights Health Vices Investment Style Factors Climate Change Technology
Animal Rights Religion Asset Class Thematic Consumption Commodities Military GICS Sectors

L]
L]

No Fossil Fuels (Worst Offenders) & Quality Stocks (@

No Fossil Fuels (Any) ®

Value Stocks ®

No Coal Seam Gas or Fracking @

Growth Stocks @

No Nuclear Power (3

Defensives (®

No Old Growth Forest Logging ®

Personalise your portfolio now >



Uranium: Demand/Supply

U.S. annual uranium concentrate (U,0;) production (1950-2022)
million pounds U;0,

50
5

40 4

30 3

20 E
1

10 0 data
i :

0 N 2014 2016 2018 2020 2022 |

1950 1960 1970 1980 1990 2000 2010 2020

Data source: U.S. Energy Information Administration, Monthly Energy Review and Domestic Uranium Production Report
Note: Data for 2020 withheld to avoid disclosure of individual company data.



Uranium: Demand/Supply

US ban on Russian uranium. Rosatom = 30% of EU, 25% of US, more
so enrichment than U303. Enrichment issues.

50% of uranium via Kazakhstan/Uzbekistan/Russia
US establishing strategic reserve

Nuclear weapons?

Niger coup (6% world production)

Inventory destocking probably over



Uranium: Inventories

6 years of supply? 1b pounds, down from 2b
Murky waters, probably 40% China, maybe they need more?

Japan selling down reserve, had 4 years of inventory (about 50% of
global production)

New nuclear needs 2-3x annual. Plus reserve.
Destocking by utilities
Not enough contracted supply



Uranium: Traders

Annual consumption

Its a really (really) small market. $10-20b per year. About 2 days of oil.

Sprott + Yellow Cake own ~85m pounds. >100% of annual global
demand...

40-50 hedge funds with licences to buy



Viewer question of the week:

Is a uranium super-cycle on the way?

Drop your answers in the comments



Investment Outlook

Nuclear Power tilt. Nuclear energy and weapons screen.
| do not want to stand in the way of this one. It is a tiny market,

Regulation? Speculator tax would dump multiple years of supply
onto the market

We can mine heaps more Uranium at $35. Cash costs much lower. $50
should be more than enough.

Lots of other factors going on though.



More from Nucleus Wealth:

Content: Nucleuswealth.com/content
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Leave a comment on YouTube
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