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Al Wave

faninvestor were to describe the market in 2023, they would likely highlight the dominance of Al and weight

loss drugs. | will be focusing on the former and discussing how data centers housing these Al servers will
require higher power densities. Additionally, | will explore which companies could benefit from this surge in
power usage.

Recently, my colleague Anjali Al Servers Shipments
Tagare wrote a white paper titled 504% CAGR Between 2022-2025E
“Generative Artificial Intelligence: 35

The Next Disruptive Technology.”

According to her findings, Nvidia 2
(ticker: NVDA) is a market leader
for GPU (graphic processing units)
semiconductor chips. During 2023,
Nvidia rode the Al wave on its way
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to being the best performing stock :
in the S&P 500, up over ~230%
for the year.! Anjali points out -
that Chat GPT was trained using 05 04 -
10,000 GPUs (NVDA, A100) and H B
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GPUs going forward.? BofA’s US
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server shipments, more than doubling

in 2023 and then further increasing by 35% in 2024. BofA anticipates Al server shipments to comprise 19% of
all server shipments by 2025.2
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The Rise of Data Centers Dodge Data Center Starts T12M Average (in § 000's)
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The Dodge Construction Network, which provides
data and analytics to the commercial construction
industry, recently issued its data center starts on a ...
dollar and square footage basis. On a dollar basis,

data center starts increased +259% y/y in December
and are up 129% on trailing twelve-month average
compared to+111% in November. On a square footage
basis, data center starts saw an increase of 280% y/y
in December and are up +103% on a trailing twelve-
month basis compared to +81% in November.
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Dodge Data Center Starts T12M Average (in Sq. ft 000's)

During its 3Q earnings call, the CEO of Equinix, which .,
is one of the largest data center real estate investment
trusts (REIT), referenced a recent study found that
55% of organizations are in pilot or production mode
with generative Al. Equinix CEO stated, “We are seeing ***
this (Al) manifest in accelerated interest from both
enterprise customers and from emerging service wm
providers lookingto service thisdemand. We see strong .
similarities between the evolving Al demand and the
multi-tiered architectures that have characterized the
cloud build-out for the past eight years.”
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Why this Matters for Data Centers

GPUs require roughly 2x to 3x the power versus traditional CPUs because GPUs are able to process
simultaneously thousands of threads of historical data and statistical analysis to generate outputs. Typically,
traditional CPUs have an average power density of ~ 10 kilowatts (kW) per rack, whereas Al applications
generally use GPUs with an average power density of 20-25kW per rack.’

By using higher power density GPUs, data centersrisk breaching the limit (25kW per rack) of air-cooled systems.
The result of using more GPUs will require data centers that house Al servers to increase the adoption of liquid
cooling solutions. Liquid cooling rack densities for Al applications can withstand 30-100 kW per rack. A prime
example to better accommodate higher power densities is Meta (Facebook’s parent company) pausing the
buildout for some its data centers at the end of 2022. Meta announced that the halt in construction for twelve
of its data centers was due to a redesign that would allow for more capacity for Al-centric designs. Meta has
since restarted two of the sites in Texas and Idaho with each data center being able to support higher GPU
capabilities for Al. ©

Racks are arranged vertically, with all of the various IT equipment sitting on its shelves. The standard rack
height is 7 feet and are normally divided into are 48 rack units.” The racks house and protect data center
equipment such as servers, routers, switches, hubs, and audio/visual components. The data center IT
equipment can get very hot, so cooling is required to keep them from overheating and for proper operation.
Racks in data centers are either air-cooled or liquid cooled. Traditional data centers that house CPUs are
typically filled with 24 servers each with two CPUs on each rack that pull out 150 watts.? For traditional CPUs,
when considering power storage, networking, and other components, they produce a total of 10kW per rack.
BofA provides a breakdown of power usage for traditional CPUs versus GPUs for Al applications, using the
Nvidia Hopper 100 GPU chips as an example below.

Comparing Rack Power Density in Traditional vs Al Applications
Al Traditional

Rack height(in rack units) a8 43
divided by Server height (in rack units) a4 2
Servers per rack 12 24
x GPUs or CPUs/Server 3.5 2
GPUs or CPUs/Rack 42 48
x Watts/GPU or CPU 700 150
kw/rack for GPUs or CPUs 29 7
kw for storage, networking etc. 3 3
Total kW /rack 32 10
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According to the Uptime Institute, there is ~250mn square feet of data center infrastructure globally with
an average power density of ~10 kilowatts (kW) per rack and of the 647 data center managers that were
surveyed, 85% of data centers operate with maximum rack power densities of less than 30kW per rack.®
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The traditional air-cooling falls short for Al ready data centers, particularly for large language models
that are equipped with a number of NVIDIA equivalent chips. The extensive power consumption and heat
rejection linked to these large language models surpasses the capacity for current air-cooling methods.
There are a few alternatives to the conventional air-cooling systems:

1.Rear Door Heat Exchanger - afan less heat exchanger module thatinstalls as the rear door of an equipment
rack. This chilled water-based system provides up to 50kW of room-neutral cooling.

2. Direct to Chip - places a cooling plate on top of the chip. Only 5% of data centers have any form of liquid
cooling according to nVent. Process uses a cold plate that receives the heat from the chip and into the fluid,
which is then circulated back to a cooling distribution unit (CDU).

3. Full Immersion - immersion cooling involves fully plunging each component (CPUs, GPUs, memory cards
and power supplies) into thermally conductive liquids like mineral oil or dielectric fluids. These liquids can
efficiently transfer heat away from the components while protecting them from potential damage due to
corrosion or oxidation. Immersion is still seen as being a long way off, and more of a niche application
at this point in time. It has cooling densities of over 300kW at a lower cost, although it is not quite at the
commercial deployment stage and bears high upfront costs. Bitcoin miners utilize immersion cooling as it
cuts down on power costs, however, immersion cooling systems entail high initial costs.

Which Companies Stand to Benefit

According to Schneider’s Energy Research Management Center, electrical demand for Al could grow at a 25-
33% CAGR over 2023-2028. 1° SC23, which is the international conference for high performance computing,
networking, storage, and analysis, was recently held in Denver where attendees of the conference compared
the Al craze to dawn of the internet era in the late nineties.!* Assuming Al is not a bubble, and the hype is
real, a few companies may benefit from higher power densities and heat management in an Al world are
the “outside the rack companies” like Vertiv (VRT), Eaton (ETN), nVent (NVT), and HVAC players. .
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Vertiv has a dominant position in thermal and power management, with 85% of revenues tied to data
centers.”? The company is based just outside Columbus, OH and recently went publicin 2018. Emerson Electric
(EMR) sold its business unit that was then known as Emerson Network Power to Platinum Equity, who then
rebranded the company under the name Vertiv. Its main markets are the US (45% of revenues), China (13%),
and other parts of Asia (13%).

Eaton generates approximately 15% of revenue from data centers.®* The company sells power distribution
units (PDUs), uninterruptible power supplies (UPSs), stepdown transformers, power strips, and different rack
level cooling offerings. Eaton is based in Dublin, Ireland. Its main markets include the US (60% of revenues),
China (3%), and parts of Europe (20%). In their recent 4Q earnings report, Eaton pointed to their data center
revenue growing 20% year over year in the fourth quarter, with trailing-twelve-month orders up 30% year
over year, and the negotiation pipeline up an impressive 160% year over year.

nVentis another company that appears well positioned in the thermal management space. NVT derives 20% of
total revenues from data centers.!* Their key offerings include cooling distribution units, power management,
and racks/server cabinets. nVent is based in a variety of liquid cooling rack products that have a capacity up
to 100kW. Based in London, NVT’s main markets are the US (63% of revenues) and Europe (20%).

Summary

Bears will argue that the aforementioned companies are relatively well priced in, and 2024 could be a low
growth environment. The bulls will say it’s just a matter of keeping up with demand as Al workloads become
increasingly more widespread. With the highlighted companies all having a vast line of liquid and rack cooling
products at their disposal, many also have exposure to the power side of the business that could also profit
from this trend. For instance, both Eaton and Vertiv have power management products such as busways,
power distribution units (PDUs) and switchgear infrastructure, as well as uninterruptible power sources
(UPS), which Caterpillar also engages in. Lastly, as the market evolves towards higher density Al workloads,
and immersion gains traction, we anticipate many niche companies that focus exclusively on full immersion
could be acquired by more established companies. The consensus is that traditional air to air solutions do not
work for GPU cooling. Therefore, companies providing both hybrid air-to-liquid solutions and liquid solutions
should capitalize on this theme as opportunities for retrofitting and new buildouts for data centers progress.
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© Regions Bank, Member FDIC. This publication has been prepared by Regions Investment Management, Inc.
(RIM) for Regions Bank for distribution to, among others, Regions Wealth Management clients. RIM is an
Investment Adviser registered with the U.S. Securities & Exchange Commission pursuant to the Investment
Advisers Act of 1940. RIM is a wholly owned subsidiary of Regions Bank, which in turn, is a wholly owned
subsidiary of Regions Financial Corporation. While the commentary accurately reflects the opinions of the
Analyst by whom it is written, it does not necessarily reflect those of Regions Bank or RIM. This publication
is solely for information and educational purposes and nothing contained in this publication constitutes an
offer or solicitation to purchase any security, the recommendation of any particular security or strategy or a
complete analysis of any security, company or industry or constitutes tax, accounting or legal advice.

Information is based on sources believed by RIM to be reliable but is not guaranteed as to accuracy by Regions
Bank, RIM or any of their affiliates. Commentary and opinions provided in this publication reflect the judgment
of the authors as of the date of this publication and are subject to change without notice. Certain sections of
this publication contain forward looking statements that are based on the reasonable expectations, estimates,
projections and assumptions of the authors, but forward-looking statements are not guarantees of future
performance and involve risks and uncertainties, which are difficult to predict. Investment ideas and strategies
presented may not be suitable for all investors. No responsibility or liability is assumed by Regions Bank,
RIM or their affiliates for any loss that may directly or indirectly result from use of information, commentary
or opinions in this publication by you or any other person. Trust and investment management services are
offered through Regions Wealth Management, a business group within Regions Bank. Investment advisory
services are offered through RIM. Employees of RIM may have positions in securities or their derivatives that
may be mentioned in this report or in their personal accounts. There could also be times that some securities
mentioned in this report are held in a RIM model portfolio. The companies mentioned specifically are sample
companies, noted for illustrative purposes only. The mention of the companies should not be construed as a
recommendation to buy, hold or sell positions in your investment portfolio.

In some cases, RIM’s investment management services and/or strategies will be utilized by Regions Wealth
Management for its trust and investment management clients. RIM receives compensation from Regions
Bank for providing certain services, including market commentary. When applicable, RIM receives additional
compensation based upon the assets in Regions Wealth Management client accounts managed according
to RIM’s strategies. For additional information concerning RIM or its strategies, please see RIM’s Form ADV
Part 2A, which is available by calling 205-264-6735. Neither Regions Bank, nor Regions Asset Management
(collectively, “Regions”) nor the Regions Bank subsidiary, Regions Investment Management, Inc. (RIM), are
registered municipal advisors, nor provide advice to municipal entities or obligated persons with respect
to municipal financial products or the issuance of municipal securities (including regarding the structure,
timing, terms and similar matters concerning municipal financial products or municipal securities issuances)
or engage in the solicitation of municipal entities or obligated persons for such services. With respect to
this presentation and any other information, materials or communications provided by Regions or RIM, (a)
Regions and RIM are not recommending an action to any municipal entity or obligated person, (b) Regions
and RIM are not acting as an advisor to any municipal entity or obligated person and do not owe a fiduciary
duty pursuant to Section 15B of the Securities Exchange Act of 1934 to any municipal entity or obligated
person with respect to such presentation, information, materials or communications, (c) Regions and RIM are
acting for their own interests, and (d) you should discuss this presentation and any such other information,
materials or communications with any and all internal and external advisors and experts that you deem
appropriate before acting on this presentation or any such other information, materials or communications.
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