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Many aspects of modern life that we all have become accustomed to depend on a steady supply of energy. Similar to
how the concept of Moore's Law has led to thinking that we can almost always expect more computing power, it's
possible that we will see this type of expectation for the future of energy storage.

The critical focus in 2022 along this line is: where will we source all of the metals?
Energy Storage May Progress on Multiple Paths
Think of three different possible use cases:

1. A high-performance electric vehicle. Here, the primary focus would be on energy density and range, with an
assumption of being able to charge on a somewhat regularly scheduled cycle—i.e., while the owner sleeps at
night. The battery can be large and somewhat heavy, but these specifications would depend largely on other
details about the specific vehicle. Size and weight certainly wouldn't be unlimited.

2. Stabilizing the supply of an electric grid powered by intermittent sources. The world sees the benefit of
zero-emission power sources like wind and solar, but we know that the wind isn't always constant, and the sun isn't
always shining. Extremely large batteries that can effectively store energy for multiple days, if not weeks, could be
useful here. On the spectrum, size and weight would not necessarily be a concern here since the battery itself is
stationary.

3. A custom-designed battery aimed to power a small device. Efficiency and weight could be the primary
concerns in the case of a wearable health monitoring device, for example.

Since the range of use cases is so varied, we would expect a similar push for a diverse array of solutions for energy
storage. Lithium-ion technology has been dominant for roughly three decades, but the future could support a collection
of different technologies.

Thinking about Battery Life? Focus on the Cathode

When we change the batteries of a remote control or smoke alarm, we see the + and the - signs—and if you're like me,
you have to pay close attention so that the right sign attaches in the proper manner.

e The negative sign or terminal can be called the “anode.”
® The positive sign or terminal can be called the “cathode.”

Every battery needs to get electrons moving in order to provide power. In use, electrons move from the anode to the
cathode, and when charging, they reverse. It is well known, however, that batteries cannot be charged and recharged on
an infinite basis, and the issues with this tend to emanate from the cathode.

A lot of the research in battery development has gone into what elements and what types of structures work best in the
cathode. If we are talking about an NMC 811 configuration, for instance, this refers to nickel-manganese-cobalt, with
eight units of nickel, one unit of manganese and one unit of cobalt. This covers certain economic and sourcing concerns
while also balancing safety and energy density needs. As the atomic structure within the cathode comes under stress from
use and reuse, we notice that the battery life and charging performance may not match what we witnessed when it was

brand-new.’

Are Metals Agnostic to Their Source?

Now, the nickel, manganese and cobalt to be used in a battery could come from a variety of places. They might come
directly from mines, having never been used before in another battery. Similarly, they might come from a mixture of
recycled products, recognizing that it isn't always a simple matter to mine more of these materials.
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Is there a difference? Meaning, should one expect to qualitatively notice that they get lower performance if the source of
the battery metals is recycled? Logically, the atoms of the distinct metals should be the same regardless of their source,

but it certainly bears testing.?

Redwood Materials is a firm dedicated to sustainable battery metals production and sourcing an ever-increasing amount
of the necessary input from recycled content. The Materials Research Group at Argonne National Laboratories recently
tested the performance of high-nickel cathodes, like the NMC-811 that we discussed earlier, to see if they could see a

performance difference between freshly sourced metals and recycled metals.
The results from this test indicated that the performance of Redwood’s recycled materials was not distinguishable from

that of new metals when used within battery construction.* We cannot say that this will immediately lead to an explosion
of battery recycling from this point forward, but it is an important step, adding to the credibility that if performance and
safety are paramount concerns, these can be achieved just as well with recycled materials.

Conclusion: Recycling Has Interesting Supply Chain Implications
Anyone following global battery production would note at a certain point that China is the major player, currently

responsible for making roughly 78% of cathode materials.> We must remember that the metal ores don't just come out
of the ground and go into a battery—there is a lot of processing that has to be done. On the current path, this share
could increase to 90% by 2030, even with the U.S. making efforts to invest and expand its own internal capabilities. China
has built an advantage—given that the supply chain is domestic to their market, they have centralized expertise and can
more quickly and economically break down raw materials and scrap metals and get them into the necessary cathode
structure, time and again. China is on a path to get to a place with battery minerals and production similar to where

Taiwan is today with semiconductors.®

Redwood Materials is an example of a U.S. company taking rather interesting steps, going from simply selling raw
materials to other suppliers to progressing toward the production of its own cathode materials. The firm has even
announced a $3.5 billion investment over 10 years in the Reno, Nevada, area, where it plans to produce enough cathode
material for 100 gigawatt hours of battery cells by 2025, roughly equal to what CATL, China’s dominant producer, made

last year.’

While the demand to recycle generally is high, as the market is pushing sustainable solutions across many industries in
2022, there are risks at this early stage of the industry’s development. One risk is whether a company like Redwood can
scale up the production of very pure metals, as purity does make a difference in battery performance. The structure of the
metals in the cathodes needs to be very precise. Then there is the issue that many electric vehicles are quite new, so there
is not yet a huge volume of car batteries to recycle. Battery recycling occupies an interesting early point in its historical
development at the present moment, and we believe that it could be an important link in the broader energy storage

value chain as the trend grows in the future.®

We believe the WisdomTree Battery Value Chain and Innovation Fund (WBAT) represents an interesting way to consider
the many distinct company activities that contribute to a thriving energy storage ecosystem, including recycling.

Christopher Gannatti is an employee of WisdomTree UK Limited, a European subsidiary of WisdomTree Asset
Management Inc.’s parent company, WisdomTree Investments, Inc.

As of November 1, 2022, WBAT held 0% and 2.21% in Redwood Materials and Contemporary Amperex Technology Co.
Limited (CATL), respectively. Click here for a full list of Fund holdings.

! Source: Gregory Barber, “Recycled Battery Materials Can Work as Well as New Ones,” WIRED, 10/13/22.
2 Source: Barber, 10/13/22.

3 Press Release: “U.S. Department of Energy’s Argonne National Laboratory verifies performance of Redwood cathode
from recycled content,” Redwood Materials, 10/13/22.

4 Press Release: Redwood Materials, 10/13/22.
> Source: Barber, 10/13/22.
6 Source: Barber, 10/13/22.
’ Source: Barber, 10/13/22.
8 Source: Barber, 10/13/22.
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Important Risks Related to this Article

There are risks associated with investing, including the possible loss of principal. The Fund invests in the equity securities
of exchange-listed companies globally involved in the investment themes of battery and energy storage solutions
("BESS”) and innovation. The value chain of BESS companies is divided into four categories: raw materials,
manufacturing, enablers and emerging technologies. Innovation companies are those that introduce a new, creative or
different technologically enabled product or service in seeking to potentially change an industry landscape, as well as
companies that service those innovative technologies. The Fund invests in the securities included in, or representative of,
its Index regardless of their investment merit. The Fund does not attempt to outperform its Index or take defensive
positions in declining markets, and the Index may not perform as intended. Please read the Fund's prospectus for specific
details regarding the Fund's risk profile.

For the top 10 holdings of WBAT please visit the Fund's fund detail page at https://www.wisdomtree.com/investments/e
tfs/megatrends/wbat

For standardized performance and the most recent month-end performance click here NOTE, this material is intended
for electronic use only. Individuals who intend to print and physically deliver to an investor must print the monthly
performance report to accompany this blog.

Related Blogs

+ Recycling Batteries Will Be a Big Focus in the Energy Transition

Related Funds
+ WisdomTree Battery Value Chain and Innovation Fund

View the online version of this article here.
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IMPORTANT INFORMATION

U.S. investors only: Click here to obtain a WisdomTree ETF prospectus which contains investment objectives,
risks, charges, expenses, and other information; read and consider carefully before investing.

There are risks involved with investing, including possible loss of principal. Foreign investing involves currency, political
and economic risk. Funds focusing on a single country, sector and/or funds that emphasize investments in smaller
companies may experience greater price volatility. Investments in emerging markets, currency, fixed income and
alternative investments include additional risks. Please see prospectus for discussion of risks.

Past performance is not indicative of future results. This material contains the opinions of the author, which are subject to
change, and should not to be considered or interpreted as a recommendation to participate in any particular trading
strategy, or deemed to be an offer or sale of any investment product and it should not be relied on as such. There is no
guarantee that any strategies discussed will work under all market conditions. This material represents an assessment of
the market environment at a specific time and is not intended to be a forecast of future events or a guarantee of future
results. This material should not be relied upon as research or investment advice regarding any security in particular. The
user of this information assumes the entire risk of any use made of the information provided herein. Neither WisdomTree
nor its affiliates, nor Foreside Fund Services, LLC, or its affiliates provide tax or legal advice. Investors seeking tax or legal
advice should consult their tax or legal advisor. Unless expressly stated otherwise the opinions, interpretations or findings
expressed herein do not necessarily represent the views of WisdomTree or any of its affiliates.

The MSCI information may only be used for your internal use, may not be reproduced or re-disseminated in any form and
may not be used as a basis for or component of any financial instruments or products or indexes. None of the MSCI
information is intended to constitute investment advice or a recommendation to make (or refrain from making) any kind
of investment decision and may not be relied on as such. Historical data and analysis should not be taken as an
indication or guarantee of any future performance analysis, forecast or prediction. The MSCI information is provided on
an "as is” basis and the user of this information assumes the entire risk of any use made of this information. MSClI, each of
its affiliates and each entity involved in compiling, computing or creating any MSCI information (collectively, the “MSCI
Parties”) expressly disclaims all warranties. With respect to this information, in no event shall any MSCI Party have any
liability for any direct, indirect, special, incidental, punitive, consequential (including loss profits) or any other damages (

WWW.MSCi.com)

Jonathan Steinberg, Jeremy Schwartz, Rick Harper, Christopher Gannatti, Bradley Krom, Tripp Zimmerman, Michael
Barrer, Anita Rausch, Kevin Flanagan, Brendan Loftus, Joseph Tenaglia, Jeff Weniger, Matt Wagner, Alejandro Saltiel,
Ryan Krystopowicz, Jianing Wu, and Brian Manby are registered representatives of Foreside Fund Services, LLC.

WisdomTree Funds are distributed by Foreside Fund Services, LLC, in the U.S. only.

You cannot invest directly in an index.
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DEFINITIONS

predominant battery type used in portable consumer electronics and electric vehicles.

Semiconductor : A semiconductor is a material product usually comprised of silicon, which conducts electricity more

properties can be altered with the introduction of impurities, called doping, to meet the specific needs of the electronic
component in which it resides.
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