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When it comes to batteries, automobiles have stolen the lion's share of our attention. From there, people may think
about smaller devices that also use batteries. But many of us would assume that there are obstacles to the wide-scale use
of batteries to power large ships or planes.

Maritime Shipping: Lots of Pollution and Regulations Are on the Horizon

Maritime shipping is responsible for transporting roughly 11 billion tons annually, which accounts for 90% of global trade
by mass. This is done through the consumption of about 3.5 million barrels of low-grade heavy fuel each year."

This fuel contributes significantly to pollution. How much pollution?

e One estimate placed the contribution of ships to human-generated carbon dioxide in 2018 at 2.5%. By 2050, ships
could be responsible for as much as 17% of total carbon dioxide emissions.?

e Another estimate indicated that one large ship emits as much carbon dioxide as 70,000 cars, as much nitrogen
oxide as 2 million cars and as much fine dust and other carcinogenic particles as 2.5 million cars.?

The International Maritime Organization (IMO) has indicated action to reduce maritime emissions consistent with the
Paris agreement. One component: a reduction of 50% of carbon dioxide emissions by 2050.%

What Do Ships Do Today?

Ships are already seeking to optimize their routes or travel across the water more slowly, which can use less fuel. There is

even work being done on hybrid systems. However, whether it is traveling more slowly or using hybrid methods,
meaning mixing an electric motor with an internal combustion motor, it is thought that the reduction in emissions would

be in the range of 10% to 15%—better than nothing, but not close to 50%.°
Ships vs. Planes—The Story of Energy Density

It is fairly simple to know how much energy is needed to fly through the air, take off from the ground or push a ship
through the water. Here we are considering the source of that energy. It's important to note that any source could
theoretically be used, but each choice requires certain trade-offs.

The simplest of these trade-offs comes down to “energy density,” meaning how much energy can be extracted per unit
of weight. Hydrocarbon fuels have significantly higher energy density than current batteries, which is why people tend to
cite the weight of the battery in an electric vehicle or the fact that adding batteries to planes adds significant weight that
is difficult to compensate for. Depending on the type of fuel under discussion and the battery chemistry, statistics indicate

that hydrocarbon fuels are in the range of 50-100 times as energy dense as current batteries.?
The bottom line: With hydrocarbon fuels, you can get the same energy for a LOT less weight.

Now, in a giant container ship, weight is much less of a concern than it is for a vehicle that needs to take to the skies.
There could even be benefits from distributing the weight across the ship such that it sits more evenly in the water.

If one is looking at a current setup that causes a lot of pollution and where adding incremental weight may not be the
biggest concern, maritime shipping could offer a lot of bang for the buck, so to speak.

Fleetzero—A Start-Up Bringing Battery Power to Maritime Shipping

It's notable to see the founders of Fleetzero flipping the key question on its head. Instead of trying to use batteries on the
largest current ships to replace the dirty, pollution-generating fuel for power, they recognized that the reason ships
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operate the way they do, with the capacity to go around the globe on a single tank, is because of the historical path of
innovation that has led us to this point. Smaller ships that stop more frequently in different ports could much more easily

use battery technology for power.”

Instead of changing ships that were optimized for fossil fuels, why not rethink how ships are built and operated around
battery technology?

Fleetzero's innovation would include batteries the size of shipping containers that could be swapped on and off the ship
and charged at times of the day when the price of electricity is lower. The company is building these prototype batteries,
and over time it plans to build entire ships. Customers are already indicating the demand for zero-carbon shipping—

firms like Ikea, Patagonia and Amazon are already discussing this with a timeline of getting it done by 20408

Notably, this approach would allow for further innovations in battery technology to be reflected in the batteries being
swapped in and out. As new energy storage systems gain primacy, Fleetzero's systems could reflect it and take
advantage.

Energy Storage Represents One of the Most Exciting Focus Areas of the Coming Decades

With the world's focus on climate change, a catalyst is therefore created for a continual focus on different ways to
effectively store energy for on-demand use. Energy supplies are nearly unlimited. Imagine if we could effectively corral
and capture all of the sun’s energy hitting Earth on a given day. The challenge is in converting it into a form that can be
stored and used as and where needed. So many technologies are being explored that we are certain the coming decades
will be quite interesting in terms of unpredictable breakthroughs. A diversified set of companies focused on different
parts of the energy storage value chain, such as those in the WisdomTree Battery Value Chain and Innovation Fund (WBA
T), has the potential to harness some of those breakthroughs captured in the coming decades.

' Source: Kersey et al, “Rapid battery cost declines accelerate the prospects of all-electric interregional container
shipping,” Nature Energy, Volume 7, 7/22.

2 Source: Kersey, et al., 7/22.

3 Source: "Why ships of the future will run on electricity,” Infineon.

4 Source: Kersey, et al., 7/22.

5 Source: Kersey, et al., 7/22.

% To cite an exact figure, one would need to specify a precise type of fuel and battery chemistry. That was not our focus
here, but there are many potential sources available to drill down further.

7 Source: Peters, Adele, “This start-up designed an electric cargo ship to cross the ocean,” Fast Company, 4/6/22.

8 Source: Peters, 4/6/22.

Important Risks Related to this Article

As of August 16, 2022, WBAT held 0% of its weight in Fleetzero.

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

There are risks associated with investing, including possible loss of principal. The Fund invests in equity securities of
globally diversified exchange-listed companies 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 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.
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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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