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80-20 Industry Primer: Uranium
A Pareto Approach to Industry Analysis …

Uranium is a relatively small industry compared to other commodity markets like gold,
silver, or copper.

There are only a few producers on the supply side and an even smaller number of
potential supply sources in the pipeline at current prices.

The demand side is equally concentrated between major utility producers, fuel traders,
and financial buyers like hedge funds and ETFs.

Our goal with this 80-20 Industry Primer is to create a simple but robust global supply
and demand model. From this, we can answer the most critical questions surrounding
the Uranium Thesis:

1) Supply: How much supply is there currently, where will new supply come from,
and how much will there be in 1-2 years?

2) Demand: Who’s currently buying the supply, how much are they buying, and
how will their buying habits change over time?

3) Price: How do all of these changes affect the price of uranium?

We develop deep conviction by doing our own work, stress-testing it against industry
experts, and continually updating our models in the face of new evidence.

And it's this conviction that will allow us to hold our position during the inevitable
drawdowns along the super cycle.

Let’s get after it.

The Supply Side: Primary & Secondary Deep Dive

To understand the future of any commodity industry, it is vital to understand its past.
Let’s look at historical uranium production.

History of Uranium Production

Fifteen countries dominated global uranium production from 1945 to 2022:



We can further split uranium’s production history into four distinct periods (via the WNA
website).

Period 1: 1945 to mid-1960s

Nuclear fuel spurred production growth during this military era. Production rose in the
50s to satisfy utility/power generation demand. However, by the mid-60s, demand fell
sharply and prompted a production cut of ~50%

Period 2: Mid-1960s to mid-1980s

Rapidly expanding civil nuclear energy triggered a massive increase in nuclear reactor
orders. New uranium mines came online to meet this increased demand, backstopped
by long-term offtake agreements from utility companies in the US, Japan, and Western
Europe.

COPYRIGHT 2023 MACRO OPS — ALL RIGHTS RESERVED // DO NOT DISTRIBUTE Chop wood, carry water… 2



However, the added new mine production peaked supply in the 1980s and remained
above reactor requirements through 1985.

Period 3: Mid-1980s to ~2002

This period marked a reduction in nuclear reactor construction programs. The problem
was that many utility companies had long-term offtake agreements anticipating new
reactor builds. So, utility companies used their stockpiles instead of getting supply
from mine production.

At the same time, a new mine supply came online from Russia (former Soviet Union) in
2003, which exacerbated the supply overhang.

Period 4: Early 2000s to Today

In the early 2000s, many assumed we’d need more primary production to meet nuclear
reactor fuel requirements. This sparked a 13x increase in uranium prices from
2003-2007. However, the Fukushima meltdown in 2011 prompted massive demand
destruction. Uranium prices have just now started to recover.

That brings us to today’s supply outlook.

Current Supply: Global & Country-Specific

There are two ways to view supply: Global Production and Company-Specific. Let’s
start with Global Production.

Eight countries supply nearly 100% of the world’s Uranium (data as of 2022):

➢ Kazakhstan (44%)
➢ Canada (15%)
➢ Namibia (12%)
➢ Australia (9%)
➢ Uzbekistan (7%)
➢ Russia (5%)
➢ Niger (4%)
➢ China (4%)

The sheet below shows the production volumes of each country from 2013-2022.
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Each ton of extracted uranium produces ~1.18 tons of U3O8, which is the type of
uranium used by global utility companies to power their plants.

By 2022, the top eight countries produced ~57Kt of U3O8, roughly 72% of global
demand.
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Here’s another graph showing the country-specific production versus fuel
requirements.

Extracting Uranium

There are two ways to extract uranium: Underground or open pit mining or In situ leach
(ISL).

Open-pit mines are just giant holes in the ground. Underground mines are more
complicated and involve complex operations to ensure the mine doesn’t collapse.
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In situ leaching is slightly different and involves artificially dissolving minerals (like
uranium) using sulfuric/nitric acid or carbonate. Check out the diagram of the ISL
process below.

In the early 1990s, most uranium miners used open pits or underground mines.
However, by 2022, 55% of uranium production came from ISL methods (see below).

Company and Mine Concentration

As we mentioned above, uranium production is highly concentrated in eight countries.
But within those eight countries, things get even more concentrated.

The top nine largest producers account for 96% of the global output.
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The three largest producers (Kazatomprom, Cameco, and Orano) account for 46% of
global production. There are only four publicly traded companies from that list:

➢ Kazatomprom (KAP.LSE)
➢ Cameco (CCJ)
➢ CNNC International (2302.HK)
➢ BHP (BHP)

Over 50% of these companies are State-Owned Enterprises (or SOEs).

Uranium production is like a Russian doll of increasing concentration. So far, we’ve
learned that:

➢ ~100% of global supply comes from eight countries
➢ 96% of global production comes from nine producers
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➢ Of that 96% of production, 46% comes from the three largest producers

There’s one last bit of production concentration to discuss: single-mine locations.

57% of the world’s uranium supply comes from 10 mines (see below).

The top five mines represent 40% of global production.

You’re probably wondering … where’s the US production in this? The answer is that it
doesn’t exist. From 2000-2014, the US produced ~3-4Mlbs of uranium annually.
However, domestic production fell sharply post-2014; as of 2022, the US produced
less than 500Klbs of yellow cake (see below).
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Capacity Utilization: A Declining Lever

Capacity Utilization is a fancy way of saying how much of something we can
squeeze from what’s available to capture. The higher the capacity utilization, the
more stuff you’re squeezing.

Here’s how this relates to primary supply. There are ~10 mines that contribute 57% of
the global uranium supply. The higher capacity utilization from those mines, the more
uranium they can produce, which increases supply.

However, the lower the capacity utilization from those mines, the fewer tons of uranium
they extract, which reduces supply.

There are five drivers of capacity utilization:

➢ Capital/Financing
➢ Labor
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➢ Resource reserves
➢ Transportation/fuel costs
➢ Ore quality

Each driver is under attack.

Capital is scarce: Exploration spending on uranium fell from $2.12B in 2014 to $280M
in 2021).

Labor is more expensive: Nobody wants to work in the mining industry.

Grades are declining: All the easily accessible uranium has already been mined.

Transportation and fuel costs are rising: Lower grades require more fuel to go
deeper into a mine.

The result is a global decline in capacity utilization rates from 83% in 2016 to 69% in
2020. Uranium mines aren’t living up to their potential. It’s like your dad telling you he’s
not mad, just disappointed.

Low capacity utilization rates wouldn’t be as significant of a problem if we lived in a
high uranium price environment. But we don’t. So, there’s zero incentive for new mines
to come online or brownfield expansion from existing mines. It’s uneconomical.
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Consistently low (or declining) utilization rates put downward pressure on primary and
Secondary Supply production, which we’ll discuss next.

Secondary Supply: What It Is & Where It Comes From

As mentioned, primary global supply only accounts for ~72% of global demand. So
how does the world get its remaining 28% of supply? Secondary Sources.

There are four main types of secondary supply:

➢ Civil stockpiles held by utility companies and governments
➢ Nuclear weapons stockpiles
➢ Recycled plutonium and uranium
➢ Re-enriched depleted tails

Secondary supply sources are nearly impossible to predict with any certainty. Our best
bet is to create ranges of potential supply in each secondary source based on off-hand
information or a collection of state-owned reports.

However, the 2021 Nuclear Fuel Report Summary has an excellent chart dissecting the
various Secondary Sources into their originating states, economic roles, owners, and
marketable forms (see below).
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The WNA has rough secondary supply predictions:

➢ Civil / government stockpiles: ~282Kt for utilities
➢ Military weapons: 15% of world’s reactor requirements
➢ Recycled uranium and plutonium: Saves 2Kt from primary production with

another 26Kt in Reprocessed Uranium between UK, Belgium, Germany,
Switzerland, and France

➢ Underfeeding: 3,500-7,000t/year

Remember, the above available tons show how much is available should utility
companies draw down on those reserves annually (see civil/gov’t stockpiles).

The 2021 Nuclear Fuel Report Summary provides a good chart outlining this idea of
available annual supply (see below).

Overfeeding, Underfeeding, Tail Assays, & Enrichment

I want to emphasize “Underfeeding/Overfeeding” in Secondary Supply because it’s a
confusing topic for most generalists (it sounded like a foreign language when I first
heard it).

Let’s start with the basics of the nuclear fuel cycle (great chart below).
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Global-X ETFs explain this fuel cycle well (emphasis added):

To generate nuclear energy, the utilities that buy uranium from the mines need a
certain quantity of enriched uranium. Uranium consists of two main isotopes,
U-235 and U-238, chemically identical but different in mass.

Their difference in mass allows the isotopes to be separated and makes it
possible to increase, or “enrich,” the percentage of U-235.

The fission of the U-235 atoms generates nuclear energy. Lower levels of
enriched uranium, such as uranium with 5% U-235, are commonly used for
nuclear reactor fuel.

Historically, the uranium enrichment process has a good degree of inertia.
Even when enriched uranium demand declined following the Fukushima accident,
enrichment plants continued operating because it was costly to shut down and
re-start centrifuges.

Primary and secondary supplies are the two basic divisions of uranium supply.
Mined and processed uranium is referred to as the primary supply, while
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reprocessed uranium that is added back into the fuel cycle is the secondary
supply.”

Here’s how they explain underfeeding and overfeeding (emphasis mine):

“The ability to redirect excess enrichment supply to uranium production by
underfeeding (operating at low tails assay) affects the secondary uranium supply.
Enrichment facilities are underfeeding because of the worldwide
oversupply of enrichment capacity.”

Clear as mud? Let me explain.

Underfeeding and overfeeding refer to the amount of uranium used in the enrichment
process. The enrichment process turns yellow cake (U3O8 … the stuff we care about)
into usable uranium for utility powerplants.

Here’s why it matters to supply. Underfeeding means excess uranium is in the
enrichment process because the mine doesn’t need as much to produce an equivalent
amount of enriched uranium.

So what does the mine do? They keep the excess under-fed uranium and sell it on the
market to utility companies. This increases the uranium supply.

Overfeeding is the opposite process. It means you need more uranium to generate the
same amount of enriched uranium at the end of the fuel cycle.

Think about it like baking a cake. Suppose you substitute all-purpose flour for almond
flour. The recipe calls for 3 cups of all-purpose flour or 4 cups of almond flour.

By switching to almond flour, you’re overfeeding the batter because you add more
flour to make the same cake. Whereas if you used all-purpose flour, you’d underfeed
the batter relative to almond flour.

Who’s hungry?

One of the reasons why uranium prices have stayed low over the past three years is
because the industry has been constantly underfeeding. It needed less uranium to
make enriched products than it produced.

That trend is reversing, and it’s incredibly bullish for uranium’s supply/demand
deficit.

Here’s why.
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The West relied heavily on Russia/the East for uranium enrichment capacity. I
discussed this topic with Daren Heitman of Azarias Capital on our podcast.

He mentioned that Russia has ~43% of the global enrichment capacity (see
breakdown below), and the US relies on Russia for 17% of its imported uranium and
23% of its enriched uranium.

However, the Russia/Ukraine war disrupted the entire enrichment supply chain. The US
is still reliant on Russia’s enrichment capacity. But it doesn’t want to be.

How does the US/West fix that?
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They overfeed their enrichment facilities so they aren’t as dependent on
Russian-enriched uranium.

Now, a significant part of the secondary supply chain moves from a net producer to a
net consumer. In other words, overfeeding will put an even greater strain on the
uranium supply and widen the deficit.

At this point, we know how much uranium is produced globally, who makes it, and
what mines represent the bulk of production.

But an important question is, “How much uranium is in the ground? And what are the
odds that we can extract it to increase production?”

Let’s answer these questions.

Global Uranium Availability

According to the World Nuclear Association, “Uranium is a relatively common element
in the crust of the Earth (very much more than in the mantle). It is a metal approximately
as common as tin or zinc, and it is a constituent of most rocks and even of the sea.”

Like any other mineral, uranium has varying quality (low-to-high) grades. Anything over
200,000 parts per million (or ppm) is considered high-grade ore.

Anything below 100 ppm is considered very low-grade ore.

For reference, seawater has 0.003 ppm of uranium (which is disturbing when I think
about all the seawater I accidentally drank while swimming at the beach last weekend).
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It’s impossible to determine the total amount of available uranium. Our best guess is
the known reserves in the ground capable of being mined.

Known reserves capable of being mined are a function of uranium prices and the
economics of extracting uranium. That’s why you always hear the term, “the cure for
high prices is high prices.”

For example, at a high enough price, it becomes economical to extract uranium out of
seawater (according to the US DOE, we’d need $277/lb uranium to make seawater
extraction economically feasible).

My point is that the lower the price, the fewer tons of uranium available worldwide. The
higher the price, the more availability.

What does the available uranium supply look like today?

Our most recent analysis is from the 2021 OECD NEA & IAEA report, which shows
~6.08Mt available globally (see below).
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The above report assumed a $59/lb uranium price. The report also noted that
recoverable available resources grew to 7.918Mt if uranium prices reached $118/lb
(see graph below from OECD).
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The last step in our supply-side analysis is understanding all the possible uranium
deposits and future mines coming online over the next few years.

Remember, all else equal, a significant increase in new uranium mine production
reduces the supply/demand deficit and the risk/reward in the thesis.

So, we must know where new supply might come from, how much might come online,
and the probability of that supply entering the market.
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Future Uranium Projects

The uranium industry separates future uranium projects into three buckets:

➢ Viable Projects
➢ Potentially viable projects
➢ Non-viable projects

Think of it like how we analyze oil reserves for upstream companies: PDP, PDNP, and
PUD.

Wikipedia has a great resource on all potential uranium projects (see here), which we’ll
use for our analysis. You can also check out the IAEA/INFCIS website, which
documents the world distribution of uranium and thorium deposits.

Before diving into each category, it’s important to note that mines can (and do) move in
and out of these buckets. A mine can be viable at one price, potentially viable at
another, and non-viable at a third price.

How do we determine where a mine falls? The incremental cost of production curve
(see below).

The AISC number determines what mines are viable, potentially viable, and non-viable.

Let’s start with Viable Projects. We exclude the top ten producing mines from this
category (since Wikipedia doesn’t bifurcate them).
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As of 2020, there are 44 viable uranium projects across 20 countries. The estimated
annual production from these projects is 36.8Kt.

Then there’s Potentially Viable Projects. As of 2020, 32 potentially viable projects from
eight countries (mainly Kazakhstan) are available. Only three of the projects have
estimated annual production rates:

➢ Argentina (Hatai): 680t
➢ Australia (Jabiluka): 2,290t
➢ Australia (Honeymoon): 1,500t

There are 107 Non-Viable projects spanning nine countries (primarily Canada). I
couldn’t find annual production estimates for these projects.

Finally, there are the Prospective and Decommissioned projects. As of 2020, there
were 103 such projects spanning 11 countries (the majority split between Canada and
Germany).

I created an Excel Spreadsheet to track Viable, Non-Viable, and Prospective /
Decommissioned projects (see here).

By this point, you have a firm understanding of:

➢ The history of uranium production
➢ Current primary supply concentration within countries, companies, and single

mines
➢ How capacity utilization rates affect primary production
➢ The importance of Secondary Supply as an incremental source of production for

utility companies.

We now have the tools to build the supply side of our supply/demand model. We’ve
done all the hard work. The only thing left is 2nd-grade math to create our 80-20
Uranium Supply Side model.

Making The Supply Side Of Our Model

Our first step is to start with Primary Supply. We assume a 5% production increase in
primary and secondary supply between 2023-2024.
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From here, we add our Secondary Supply estimates (which we got from the 2021
Nuclear Report Summary and our own percentage estimates).

Finally, we combine both Primary and Secondary Supplies to get a Total Supply
Estimate (in tons).

COPYRIGHT 2023 MACRO OPS — ALL RIGHTS RESERVED // DO NOT DISTRIBUTE Chop wood, carry water… 22



From there, we’ll convert our Total Supply Estimate into Total U308 by multiplying Total
Supply by 1.18 (from our conversion above).

Finally, we convert tons to pounds by multiplying by 2,000.
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Our end result is ~156Mlbs of uranium supply in 2023 and 164Mlbs in 2024.

For reference, Praetorian Capital’s Harris Kupperman has 2024 Uranium Supply of
~160Mlbs (150Mlbs in primary supply + 10Mbls in secondary supply).

This brings me to the most crucial point when modeling supply and demand. Our goal
isn’t to be the most precise with our estimates. Instead, we want to be directionally
correct.

Investors lose a ton of money obsessing over decimals in their models.

The point is that we are directionally accurate in our model’s supply estimates. We get
the 80-20.

How To Update Our Supply Side Model

Take a breath and relax. You’ve done all the heavy lifting in building the supply-side
model. Now, all that’s left is continuously monitoring and updating the model to reflect
news and supply-side developments.

Here’s how to do that.

First, create a watchlist for every publicly traded uranium-related company. We’ve
partnered with Koyfin at MO, and they make this step easy.

All you do is run a screener that captures every company with “uranium” in its security
description. You can then save that list of stocks as a watchlist. Here’s a screenshot of
my watchlist.
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Once you have your watchlist, click the “News” tab and see the latest developments in
the uranium industry.

You can also create a Dashboard to show latest news, price action, valuations, and
SEC filings (see below).

We’re trying to find:

➢ Existing mine production figures
➢ Mine production cuts or raises
➢ New mine development progress (feasibility studies, etc.)
➢ General commentary on uranium market from largest suppliers (CCJ and KAP)

At the least, we must know when the largest producers report quarterly earnings so we
can listen, read, and compare transcripts over time to spot new trends that may affect
our supply estimates.

For example, CCJ recently reported production cuts from their largest mine, Cigar
Lake. Now, that’s just one data point. But it’s important because that type of news
could materially affect future supply.

COPYRIGHT 2023 MACRO OPS — ALL RIGHTS RESERVED // DO NOT DISTRIBUTE Chop wood, carry water… 25



We must adjust our primary supply estimate downward if Cigar Lake shuts down or
production comes in at 20% lower than expected. The same applies if new mines
come online or CCJ/KAP experience supply increases.

How often should you monitor the Uranium dashboard/news? Weekly should be OK. In
fact, it’s a great weekend exercise if you have a full-time job.

Concluding Supply

There you have it. A full soup-to-nuts supply-side model of the uranium industry and
tools/processes on how to update the model over time.

Next, we’ll cover the demand side of our model.

Grab another coffee, and let’s dive back into the model!

The Demand Side: Primary & Secondary Deep Dive

Like supply, there are only a few critical drivers for our uranium demand equation:

➢ Global electric utilities
➢ Fuel traders
➢ Financial buyers

We’ll spend most of our time on the utility companies since they drive 80-90% of
uranium demand in both the spot and forward (long-term contract) markets.

Financial buyers are increasingly grabbing spot market supply, further tightening the
market.

Global Utility Companies: The 80-20 of Demand

The basics … Utility companies use uranium as a feedstock in nuclear reactors to
generate electricity from power plants.

Utility companies show this electricity as Terawatt hours or “TWh.” TWh expresses the
amount of produced energy, electricity, and heat from a reaction. It’s the largest of the
three most common expressions: Gigawatt (GWh), Megawatt (MWh), and Kilowatt
(kWh).

For reference, one TWh is equivalent to:

➢ 1,000 GWh
➢ 1,000,000 MWh
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➢ 1,000,000,000 kWh

It’s a lot of energy. The acronyms are essential because we’ll use them later to forecast
demand.

Global utility companies are the most significant driver of uranium demand. As of
January 2021, global utilities accounted for 60,114t or 120Mlbs in demand. That’s
83% of the available supply.

As of 2020, there are ~440 reactors globally with a combined capacity of ~390GWe,
which requires around 62,500t of uranium annually. In other words, each reactor
requires ~142t of uranium annually to generate roughly 0.88GWe in electricity.
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We can also think about utility demand as a function of TWh generated. For example,
in 2020, global reactors generated 2,556TWh of electricity. At 60,114t of uranium, ~24t
of uranium is needed per TWh of electricity generated (see below, via IAEA).

As mentioned above, uranium is an early feedstock for utility power plants. Consider it
a small COG in a large, primarily fixed-cost operating model.

The WNA explains the relationship between uranium input costs and a power plant’s
overall cost structure (emphasis added):
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“Because of the cost structure of nuclear power generation, with high capital
and low fuel costs, the demand for uranium fuel is much more predictable
than with probably any other mineral commodity.

Once reactors are built, it is very cost-effective to keep them running at high
capacity and for utilities to make any adjustments to load trends by cutting back
on fossil fuel use. Demand forecasts for uranium thus depend largely on
installed and operable capacity, regardless of economic fluctuations.”

Notice the key points above … “high capital and low fuel costs” … “demand is much
more predictable” … “very cost-effective to keep them running” … “demand forecasts
depend on installed and operable capacity regardless of economic fluctuations.”

These points are what make uranium the most exciting commodity investment out
there. It’s a low-cost input to a mission-critical business (keeping the lights on) whose
demand is a function of long-term, easily identifiable, hard-to-reverse drivers.

Think about it like a car and gasoline. If gasoline prices increase by 10%, you’re not
rushing to the dealership to buy a brand-new, more fuel-efficient vehicle. You’ll take the
price hike and fill ‘er up. In fact, you’ll probably do that for a 20%, 30% or 40%
increase in fuel prices. Why? Because the relative cost of paying the higher gas price is
still much lower than the cost of buying a new car.

Utility companies will pay higher uranium prices because the cost of not utilizing the
power plant at optimal capacity trumps the relative increase in feedstock prices.

Back to demand … We can view reactor demand on a short-term and long-term basis.

The OECD explains short-term reactor demand (emphasis added):

“Reactor-related requirements for uranium over the short term are
fundamentally determined by installed nuclear capacity.

Since near-term capacity is made up of reactors that are either already in
operation or under construction, short-term requirements can be projected
with greater certainty.”

This makes sense since we know the number of reactors globally, roughly how much
TWh/GWe each reactor produces, and the required uranium tons to generate each
TWh/GWe.
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Those three inputs alone put us >50% of the way towards completing our
demand-side model.

But it’s not that simple. We must understand long-term demand drivers if we want to
correctly model demand in the future.

Long-Term Uranium Demand Drivers

There are four primary long-term demand drivers within the global reactor space:

➢ Capacity (or load factor)
➢ Tails assays
➢ Burn-up
➢ Fuel cycle length

Let’s start with Capacity (or load factor).

Capacity measures how efficiently a utility runs its power plant.

We discussed capacity as a producer earlier, where greater capacity equaled higher
production volumes. The same concept applies to utility companies.

The higher the capacity (load factor), the more uranium required to run the plant.
Here’s the WNA on capacity and its effect on uranium requirements (emphasis mine):

“Energy availability and capacity (or load) factors also play an important role in
determining uranium requirements. Load factors have increased to over 80% in
the period 2000-2010 (IAEA, 2020).

Increased load factors tend to increase uranium requirements. The world
average load factor declined to 77.4% in 2011 and further to 73.1% in the period
2012-2015 (IAEA, 2020b) following the Fukushima Daiichi Nuclear Power Plant
accident.

In the period 2019-2021, the average energy availability factor calculated for
446 reactors in the world increased instead again to 79.5% (IAEA, 2020b).”

Increasing capacity rates over time makes sense as global utilities invest in innovation
and technology to squeeze every drop out of their reactors.

Here’s how that affects long-term demand. The WNA estimates that a 5% increase in
Capacity Rates leads to a 6% increase in uranium requirements (the opposite is true
for a 5% decline).
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Then there are tail assays. We discussed tail assays above, but to refresh your memory
… Underfeeding and overfeeding refer to the amount of uranium used in the
enrichment process. The enrichment process turns yellow cake (U3O8 … the stuff we
care about) into usable uranium for utility powerplants.

WNA explains how tail assays/underfeeding/overfeeding impact demand (emphasis
added):

After the Fukushima Daiichi Nuclear Power Plant accident, overcapacity in the
enrichment market incentivised operators to “underfeed” enrichment facilities by
extracting more 235U from the uranium feedstock.

This reduces the amount of uranium required to produce contracted
quantities of enriched uranium and, in turn, creates a stockpile of uranium.

In recognition of these recent market trends, and since the 2012 edition of the
Red Book, uranium requirements for the operational lifetime of projected
new reactors in this publication have been reduced from 175 tU/GWe/yr, the
original assumption being a tails assay of 0.30%, to 160 tU/GWe/yr, under
the new assumption of a tails assay of 0.25% over the lifetime of the reactor.

What does that mean? It means that enrichers have spent the past decade-plus using
less uranium to generate the equivalent amount of enriched uranium for utility power
plants. Hence, the drawdown from 0.30% to 0.25% tail assay values.

But that’s changed since the Russia/Ukraine war, as the US had historically depended
on Russia for 25% of its enriched uranium.

So now utility companies will require more uranium to produce the same amount of
enriched uranium for their plants, increasing the tail assay value to something higher
than 0.25%.

How does this impact demand? For every 0.03% increase in tail assay percentages,
uranium demand requirements increase by 6%. In other words, tail assay percentages
have a 20x multiplier on its required uranium demand base.

Next, let’s discuss Burn-Up Rates.

Burn-up is what it sounds like … it measures how much uranium is burned in the
reactor. Another way to think about burn-up is the amount of energy the uranium
produces.
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According to the US Nuclear Regulatory Commission (US NRC), Burn-up is measured
in gigawatt-days per metric ton of uranium (or GWd/MTU). Reactors have used ~35
GWd/MTU in Burn-up over the past two decades. Today, however, reactors generate
45 GWd/MTU in burn-up.

Here’s how that impacts uranium demand (via US NRC, emphasis added):

“Utilities now are able to get more power out of their fuel before replacing
it. This means they can operate longer between refueling outages. It also
means they use less fuel.”

Burn-up reduces uranium demand. According to the WNA, a 5 GWd/MTU increase in
Burn-up results in a 3% reduction in uranium required. A 10 GWd/MTU increase
leads to a 4-5% reduction in uranium needed.

Finally, there’s Cycle Length and its impact on uranium demand.

Cycle Length refers to the Nuclear Fuel Cycle (see diagram below).

Longer fuel cycles mean that each ton of uranium generates more fuel, allowing the
utility to use that uranium for a longer time (all else equal).
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This increases the long-term demand for uranium as reactors must generate more
electricity from their uranium tons.

The WNA estimates a base value of 12 months for the fuel cycle. A 6-month increase
in the base value fuel cycle generates a 7% increase in uranium requirements. A
12-month increase in fuel cycle length requires an 18% increase in uranium
demand.

Check out the demand-driver sensitivity chart below (via WNA).

Of the four demand drivers above, I have high conviction in two increasing demand:
Capacity (load factor) and (Tail assays).

Over the next few years, enrichment facilities will flip from underfeeding to overfeeding,
thus increasing tail assay base values.

Technology and innovation will also increase capacity load factors, allowing power
plants to use more uranium to generate more electricity.

We covered the most essential demand drivers in utility companies and power plants.
Next, let’s discuss financial buyers as the “cherry on top” for removing incremental
supply from the market.

Secondary Demand Sources: Financial Buyers

I want to briefly discuss financial buyers. Yes, they are a legitimate demand source. But
they pale in comparison to global reactor demand.

There are two main camps of financial buyers:
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➢ Close-end funds
➢ Hedge funds/PE/Family Offices

Close-end funds like Sprott Physical Uranium Trust (U.UN, disclosure: we own U.UN)
and Yellow Cake PLC (YCA) represent a “cherry on top” for increased demand.

U.UN has purchased ~30,000t of uranium since 2018 (~6,000t annually). YCA has
bought ~8,600t of uranium since its inception in 2012.

As a group, close-end funds/hedge funds like U.UN and YCA represent
~10,000-20,000t in uranium demand.

To conclude, Financial Buyers represent ~20,000t in uranium demand annually.
However, this number will likely increase as uranium sentiment and prices improve.
Higher prices will flood the market with other closed-end funds and hedge funds dying
to get in on the action.

For example, a PE firm raised a $125M physical uranium fund earlier this month. If that
fund successfully buys its allotted uranium, that would add another 1,000t (or 2Mlbs)
in demand.

Building The Demand Side Of Our Model

Okay, we now have all the information we need to develop the demand side of our
model.

First, let’s estimate the total uranium ton demand for 2024. We’re assuming a ~7%
increase in annual uranium ton demand from global reactors. We also assume ~1
reactor addition per year to the existing 442 (as of 2020).

Finally, we’re holding Ut/GWe and Ut/TWh constant.

Check out the table below.

By 2024, global reactor demand will reach ~79,000t (158Mlbs) or ~177t per operational
reactor. This represents a ~7.5% increase in uranium requirements per reactor, which is
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a function of our estimate of higher capacity utilization (load factor) and tail assay
base rate increases.

Next, we add our demand estimates from Secondary Demand (financial buyers).

We assumed a ~5% increase in tons purchased annually from 2022 to 2024. This gives
us ~55Mlbs in annual uranium demand from financial buyers.

The final step is combining primary and secondary demand estimates.

Combining Primary & Secondary Demand Estimates

Here is our combined demand estimate model, given the above assumptions.

By 2024, global demand from primary and secondary sources will reach ~106,000t (or
212Mlbs). We can cross-check our estimates with the existing data that show that
primary demand via global reactors represents ~75% of total demand.

Like our supply-side model, we’re not looking for absolute precision. We care about
being directionally correct.

How To Update Our Demand Side Model

This is a living, breathing model. So, updating it in the face of new evidence is
essential. We do that by focusing on our demand-side drivers and refining our
forecasts as those drivers change.

COPYRIGHT 2023 MACRO OPS — ALL RIGHTS RESERVED // DO NOT DISTRIBUTE Chop wood, carry water… 35



For instance, if tail assays decline from their 0.25% base, we’d reduce our demand
model. If capacity loads increase, we increase our demand estimates.

Finally, we monitor new reactor developments, shutdowns, and restarts. New
developments and restarts require ~15Mlbs of uranium to jump-start, which increases
our demand model. More shutdown reduces demand.

There are a few great sources for updating the demand model:

➢ World Nuclear Association (WNA)
➢ US Nuclear Regulatory Agency (US NRA)
➢ International Atomic Energy Agency (IAEA)

Bringing It Together: Estimating Uranium Deficits

The final step in this process is combining our supply and demand estimates to
determine if there’s a supply deficit or oversupply.

We subtract the total estimated supply (from primary and secondary) from the total
estimated demand (from primary and secondary). See below.

Uranium will experience a ~43-50Mlb supply deficit over the next two years.

The deficit will widen as supply struggles to come online due to increasing demand
from global reactors, financial buyers, and increased nuclear adoption. What is the
cure for such deficits? Higher prices.

How To Play The Deficit In Financial Markets

We made the model, estimated supply and demand, and concluded that uranium will
experience a 50Mlb deficit in two years.
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We want to profit from that hypothesis.

What’s the best way to do that?

There are three ways to express our bullish bet on uranium deficits:

1) Close-end funds like Sprott (U.UN) or Yellowcake (YCA)
2) Large uranium producers like Cameco (CCJ) or Kazatamprom (KAP)
3) Small junior explorer companies like Alligator Energy (AGE.ASX)

Here’s how we’re betting on uranium.

Most of our uranium exposure is in U.UN. It’s the most straightforward way to go long
uranium because you’re betting on increasing physical uranium prices.

I like this approach because you’re not incurring any single stock or single mine risk
with large or small producers. Not to mention the cost inflation eating away at producer
profits, ESG red tape, and the 1,000,000 things that can go wrong mining for minerals.

Large producers like CCJ or KAP are another way to play the theme. Cathy Wood of
ARK owns quite a bit of CCJ. And Druckenmiller has traded in/out of CCJ over the past
year.

CCJ and KAP will be the go-to producer investments for large funds/institutions that
want exposure outside the physical spot market. These companies are the largest and
most liquid in the space and should attract the most capital.

Finally, there are the junior explorers. We own one, AGE.ASX, and it’s in small size.
Junior explorers are the highest-risk, highest-reward side of the uranium barbell.

You’re exposed to everything I mentioned above: mining risks, labor force risks, cost
inflation, single mine exposure, awful management teams, and the 1,000,000 other
things that can go wrong at a mine.

Choose your vehicle and get ready for a ride …
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