CAN WE WESTERNIZE THE BATTERY
SUPPLY CHAIN?

A Conversation With Wood Mackenzie

Within the WisdomTree range of thematic investing strategies, we frequently have the
opportunity to work with various subject-matter experts. In a conversation from March
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Chris Gannatti: And just so people understand some of what is shown in figure 1, the value chain is what you see
on the page. Part of what we were talking now there relates to the orange, which is the raw materials.

Sources: WisdomTree, Wood Mackenzie.

The reason that there are so many of these boxes is they represent—we call them sub-sectors with Wood
Mackenzie—and they represent the areas in which we believe there are valuable activities occurring. What we
want to do with Wood Mackenzie, and thankfully Wood Mackenzie has the expertise to find companies that are
operating within each of these boxes, so essentially what you do is you find companies to fill in as many of these
boxes as possible. And you assemble them all together. You call it a fund that represents the entire value chain
as we see it.

There are certain strategies out there that might focus a bit more on the raw materials, or they might focus more
on the mobility, and you see the end vehicle manufacturers. These are the categories that are well represented.
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Adam Woods: In short, it’s going to be massive. That’s the five-word answer. But the longer answer is it’s better to
think about it and segment it out into what we think of as energy storage and batteries. Energy storage for power
generation, the growth there is massive. Over 10 years, it’s something like a 30% compound annual growth rate
(CAGR), just massive growth year-on-year.

But as | mentioned earlier, that storage system only accounts for 10% to 20% of battery demand, and in the
future, it’s all going to be with EVs. And that EV growth is expected to grow not as quickly but steadily all the way
outinto 2050. We're talking 5% per year all the way out. We don’t see any real lags in that growth potential on the
EV side. And that’s mainly specific to lithium-ion batteries that we’re talking about. So, in short, tons and tons of
growth potential mainly driven by EVs.
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Adam Woods: Yes, | think with the recycling, you hit the nail on the head with the mid-2030s, maybe early 2030s.
There’s a lot of excitement around it right now, though. The obvious potential, especially for cobalt recycling, is
massive.

But what we’re seeing right now is that the price of cobalt/cost of cobalt versus the cost of recycling has a bit of
a disparity. We’ve seen cobalt surge in price before, but we’re going to need to see a more sustained high price of
cobalt in order to encourage the build-out of the recycling plants. There’s simply not enough recycling capacity
right now to really be commercially viable.

We’'re going to need more batteries, and we’re going to need a higher price for cobalt in order for it to be worth
bringing recycling plants into play. There are a couple of other things in play, like policies in Europe that would
encourage more of this and more build-out of recycling plants. But where it stands right now, it’s just not
competitive. It’s a future endeavor that has to take % in the late 2020s to, like you said, mid-2030s.

Chris Gannatti: It’s a good point. Since Adam mentioned cobalt, there was something | was thinking to bring
up. One of the things that we hear a lot of in this space is all sorts of o@&erent chemistries, so one of the things |
personally feel is | wish that | was paying more attention in chemistry class back in the day. Because sometimes
I’m talking to Wood Mackenzie, and they’re talking about these d%erent molecules, these oéﬁ!{erent atoms coming
together in these interesting ways. And | feel bad because | just can’t match that level of understanding.

One of the concepts that | want to illustrate: If you think of a unit of weight, and you think of a particular fuel—one
kilogram of crude oil as an example—it’s not that much. It’s estimated that a normal car is going to get about, 20
kilometers with one kilogram of crude oil. If you think of uranium, think e=mc2, with the c as the speed of light,
186,000 miles per second. A kilogram of nuclear fuel could take the equivalent of a car 1.77 million kilometers.

It’s this idea that you’ve have the same mass of two o%erent types of fuel, and one of them has just so much more
bang for the buck. Now, nuclear has other risks and issues, and these are not completely equivalent. But this idea
of energy density, the amount of energy per unit of weight, is such an important idea because some say are we
going to have electric helicopters. Are we going to have electric planes? The idea of power per unit of weight of
jet fuel versus whether lithium-ion batteries can ultimately match it.

Adam, could talk about the o%erent chemistries that are competing with each other? Recognizing that the goal
is to match internal combustion, but there are so many o%erent variables and levers in play on the journey from
where we are today to hopefully getting to the point where we’re matching internal combustion engines.

Adam Woods: Of course. And Chris, I’'m no chemist either, but luckily, like you said, we do have plenty of PhDs
within our renewables group whom | have gotten to talk to about these chemistries. I'll start with the technologies
we have today. And, like | mentioned, we’re limited to the lithium-ion batteries, a term we’re all familiar with.
But there are o%erent chemistries and componentry that can make o%{erent types of lithium-ion batteries. And
for the sake of the discussion, we’ll keep it on EVs, as for now, that’s where most of the demand is coming from.
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Within EVs, you have your NCMs, nickel, cobalt, manganese, and then you have your LFPs, your lithium, iron,
phosphorus, and those are the two most popular ones. LFPs were where things started, they then transferred
into the NCM, the nickel cobalt. That’s why you hear so much about it today. It’s because that is, in comparison,
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Adam Woods: It is. Yes, we definitely have a view. Every team is looking at this, especially since the IRA was
signed in. And the answer is today, it can’t be. | don’t know if there’s a metric that really shows it here. But we’re
talking 70% to 90% of the componentry is Chinese based. It is massive. Even if the materials aren’t sourced there,
which they normally aren’t, they’re globally sourced, it still goes through China.

And so, can it be done without? Our view is yes, but it’s not easy. It’s going to require so much investment. The
first number that we throw out there is 10 years from today; if all facets of the value chain were to start investing
either domestically or with trade partners, we’re looking at 10 years until we see those projects come to fruition
and be commercially available. It’s a long road, but it’s definitely possible.

Ourview is that on the renewables side, to pivot just a little bit, it’s even more commercially viable. We expect that
the componentry cost component, if fully taken advantage of the IRA credits, is cost competitive with imported
componentry for renewable generation. Just simply because we already have component manufacturers set up.
There’s certain areas of this battery value chain that aren’t even in their infancy yet. They’re just being talked
about, they’re being planned, we don’t even have any active ones domestically. It’s going to require a massive
amount of investment and something like the IRA to make it competitive because right now the cost competition
is just... It’s hard to beat the Chinese import right now.

Chris Gannatti: Adam, because see a lot of announcements, whether it’s in Georgia, Tennessee, North Carolina,
Ohio, you see these joint ventures, whether it’ll be GM and LG coming together, making batteries, Panasonic
making batteries possibly for some of the Tesla gigafactories. Is the correct way to think of it, you’re getting
the raw materials from somewhere, could be many o‘&&erent places around the world, and those raw materials
need to be processed? Referencing figure 1, you don’t just end up with nickel chemicals, for instance, or lithium
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Adam Woods: Yes, that’s interesting. | think that the short answer is yes, it could lower cost and price. Another
pro, obviously, is that it’s produced domestically. Some self—m%ciency in lithium would be huge. Not only for
economics but for cost savings as far as you don’t have to import it, you can refine it domestically as well. That’s
huge. It cuts down costs across the value chain, not just on the mining side for the raw lithium or the refined
lithium hydroxide. I think yes.

| think that the caveat there is that it’s a proposed project, so there’s still some geologic mapping and testing to
be done around that. But | think that if it was permitted and the lithium itself was of high quality and brought to
market in the right way, which is a couple of ifs, but if it all came together, yes, it definitely could lower the price
and the cost for domestic U.S. lithium certainly.

Chris Gannatti: There’s a company that sometimes is in the top 10 amongst the exposures of the strategy; it’s a
big Tesla supplier. Referred to as CATL which stands for Contemporary Amperex Technology; it’s based in China.
It’s one of the more successful Chinese ventures within the battery space. A recent article was discussing how
they’re doing some research on using sodium instead of lithium. Similar to o%erent cathodes where you have
nickel, man anese, cobalt, but then you might have lithium-ion and phosphorus. There are o%erent trade-GMs
from using driferent ones.

We know sodium, salt, is widely available, at least you would imagine. I’m curious on the potential for that where
we spent a lot of time talking about the cathode and the metals, but what if you change the makeup of the
electrolyte itself before you get to that solid-state phase, and you use something that might be even cheaper like
sodium, what type of change might that entail?

Adam Woods: I’'m not extremely familiar with the potential for that change. But | think that if you can lower the
cost and do something as available as salt, that would be massive. But the question that comes to my mind when
I hear about something like that is, well, what are the trade-%{s? Why hasn’tit already been done? What is the salt
electrolyte going to lack that a lithium salt electrolyte compound would Mer? And although I’'m not super familiar
with that one, it does remind me of the anode side graphite in that, similarly, there’s a trend to use more and more
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