Liquid Real
Assets
Research

August 2024

/DWS

The AI Explosion: Impacts on Real Assets

Seeking opportunity and navigating a changing Real Assets Landscape

IN A NUTSHELL

— The growing computational needs of Artificial Intelligence (Al) are reshaping energy strategies.
— Al is driving significant changes in energy infrastructure, power demand, and real estate.
— Technology companies are investing heavily in securing future electricity supplies.

Artificial Intelligence enters a new era

The rapid advancement in artificial intelligence (Al) and machine learning technologies has the potential to transform various
sectors, including infrastructure and energy. With the increasing adoption of Al, there is a rapidly growing demand for data
center infrastructure, leading to significant changes in how energy is managed. This shift will require substantial investments
in power generation, transmission, and distribution systems to support the expanding requirements of Al-driven applications.
These developments will likely increase demand across the Real Asset complex.

Broader integration of Al and the associated incremental increase in power demand, as Al computation requires higher
energy consumption, will have differing impacts on various aspects of the energy industry. Although renewables such as
wind, hydro, and solar are typically preferred as cleaner energy solutions, they alone will not be able to accommodate the
trajectory of Al data center buildouts. Therefore, natural gas should likely play a major role in providing the necessary, always-
on, power source. The higher computational demands of Al increase data centers’ need for dependable and scalable energy
sources. This increased energy requirement is influencing the strategies of natural gas producers, renewable energy firms,
utilities, and midstream infrastructure providers as they adapt to meet the changing demands brought about by Al-powered
technologies.

Beyond energy consumption, Al is also driving innovations in energy efficiency, smart grid technologies, and sustainable
energy solutions. This piece explores the effect that Al could have on the energy transition, implications for natural gas
demand, renewable energy integration, and midstream infrastructure development. By understanding these dynamics,
investors can better navigate the challenges and opportunities presented by this revolutionary transformation.

Al and Data Centers

The advancement of Al and machine learning technologies heavily depends on data centers, which play a major role in
storing, processing, and analyzing vast amounts of data. Various factors such as location, access to low-cost, dependable
power supply, water for cooling systems, customer location, and fast fiber-optic networks influence the final decision on
where data centers will ultimately be located. Northern Virginia stands out as an illustrative example for the potential
bottlenecks of an extensive network of data centers. Local officials in Prince William County recently approved measures to
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back the Digital Gateway Project, which aims to bring 37 additional data centers to the area, which is known for its high-
quality fiber network.

Despite the ambitious target, Northern Virginia has limited spare electricity generation available, with just 0.2% of surplus
capacity. This constraint highlights the need for new energy resources to support the growing infrastructure. Two major
natural gas pipelines, both passing through Prince William County, could see significant upside in supporting new power
generation for these data centers.

Real Asset Linkages to Al's Network

Al is accelerating favorable data center supply/demand dynamics for publicly listed Real Estate Investment Trusts (REITs).
Since the proliferation of generative Al, demand for data center capacity has meaningfully increased, with net absorption
more than tripling from 2020-2023 in primary markets. Market vacancies decreased roughly 700 bps over the same time
period to near record lows in the low single digits, with the result of accelerating pricing power; an average 18.6% year-over-
year growth in 2023. And as use of generative Al continues to rapidly scale, the outlook for data center demand remains
robust with estimates of double-digit compound annual growth rate (CAGR) over multiple years. While there has been
increasing data center construction in response, power availability is expected to continue to be a significant constraint to
new supply deliveries being able to meet this growing demand. Preleasing of data center assets under construction
strengthened to above 80% in 2023, while projected development yields have also increased. The constraint on new supply
benefits incumbent owners/operators and well-capitalized developers, including the data center REITs and, in some cases,
industrial REITs, where land banks or existing assets have a higher-and-better use as data center assets, leading to attractive
value creation and earnings growth.’

Electrification has also created accretive new opportunities for listed REITs. The growing demand for power, in either behind-
the-grid or in-front-of-the-grid applications, has allowed REITs, and in particular industrial REITs, to be among the largest
providers of rooftop solar energy generation in the United States. In other cases, REITs have been able to install battery
storage and vehicle charging capabilities within their portfolios. By charging for generated power, in addition to leasing
rooftop space to third-party operators, REITs make their assets more attractive to potential tenants and gain access to a new
and expanding income stream with attractive return profiles. For example, the largest industrial REIT has plans to grow its
solar, storage, and vehicle charging offerings from 555 MW in 2023 to 7,000 MW by 2030, representing net operating income
(NOI growth from $37mm annually to $800mm with a 12-14% unlevered internal rate of return (IRR).2

Midstream firms, tasked with moving, storing, and selling large volumes of natural gas, stand to benefit from the rising need
for the commodity to fuel data center electricity. These companies are well-positioned to capitalize on this trend due to their
extensive pipeline networks and excellent strategic locations. For example, one of the leading mid-stream provider's Texas
intrastate pipeline systems is linked to a large number of gas-powered plants, favorably positioning the company to poten-
tially meet the increasing energy requirements. Additionally, the regulatory landscape in Texas, one of the most favorable in
the U.S., will further support the expansion of energy infrastructure. Beyond their current facilities, midstream firms are
investing in new ventures to enhance their capacity and cater to future electricity demands.

Let's talk about power demand. We have all seen the explosive growth of Graphics Processing Units (GPUs) to power Al. The
largest manufacturer of GPU's recently posted quarterly Data Center End User revenue of $22.5B. This compares to $4.3B 1
year ago. According to industry experts, Al data center racks require 7x more power than a traditional data center rack. If

"Source: CBRE, North America Data Center Trends H2 2023, March 6, 2024
2 Source: Company sources and DWS analysis, March 31, 2024
3 Source: Company sources and DWS analysis, March 31, 2024
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these trends continue Data Center electricity consumption could grow from 2.5% of total U.S. electricity demand as of 2022
to 6-7.5% by the end of 2030, a 14% CAGR. This new growth vector is coming at a time where electric demand growth is
already increasing materially for other reasons, namely increased Electric Vehicle penetration, electrification of industrial
processes, and the reshoring of U.S. manufacturing. When combined, U.S. power demand is estimated to grow by 38% by
2040 compared to 2020, nearly four times the 9% growth in power demand experienced between 2000 and 2020. We believe
this underappreciated growth will have a positive impact on the U.S. Utility sector at large. 4

Data Center electricity usage growth
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On the supply side, the United States is in the midst of an energy transition away from fossil fuel power generation to clean
generation. Over the next 3 years, nearly 44GW of coal generation could be taken offline, while 20GW of gas and 187GW of
renewable generation is brought online.® Though the United States is adding a large notional amount of generation, renew-
able generation is an intermittent resource and therefore requires a larger amount of installed capacity as well as storage
solutions to deliver the same amount of output. There is a tradeoff between higher reliability and CO2 emissions, unless
affordable nuclear energy could be developed, which faces technological and political hurdles. When combined, the signifi-
cantincrease in power demand and the changing mix of the electric grid could create an environment where more gas plants
are need to be added for base load generation to ensure reliability. To address this potential issue we have seen utilities issue
requests for proposals for gas plants in their service territories. Texas, for example, conducted a solicitation process looking
to add 10GW of gas power plants for reliability purposes. We believe there could be more opportunities for utilities to invest
in generation as these emerging growth trends take hold.

“Source: Company sources and DWS analysis, March 31, 2024
5Source: EIA, U.S. Energy Information Administration - Annual Energy Outlook 2023, March 16, 2023
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Data Center electricity usage growth
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In summary, we believe utilities can benefit from these new sources of load growth. We see this manifesting in several ways.
First, the increased load growth should improve cash flows for utilities, which could enhance their return on capital, a concept
in the industry known as regulatory lag. Last, and perhaps most importantly, if demand growth continues, the utility industry
will need to make significant investments in their regulated generation fleets and transmission networks, which require,
among other things, copper, aluminum, and steel. We believe the market is underappreciating that utilities are enablers of
Al and U.S. electrification, and we could be in the early stages of a new secular growth trend that the industry hasn't seen in
decades.

Natural Resources

Energy & Impact on Natural Gas Demand

As mentioned, Natural Gas is poised to play a pivotal role in meeting the higher energy intensity of new data centers. The
build-out of Al infrastructure is estimated to increase natural gas demand by 10 to 18 billion cubic feet per day (bcf/d) by
2030. This increase is driven by the need for continuous, reliable power to ensure data centers operate efficiently. ¢

A prime instance involves one of the largest interstate natural gas pipeline systems in the U.S., which is witnessing increased
demand in the Midwest. The pipeline operator has inked a deal with a local distribution company (LDC) to provide natural
gas to one of the largest technology company's recently established data center in Mount Pleasant, Wisconsin. The Wisconsin
Reliability Project aims to supply around 144 million cubic feet per day (mmcf/d) of gas, playing a vital role in meeting the
area’s energy requirements and boosting midstream operators’ yearly profits.

Texas is considered an ideal location for setting up data centers due to its friendly regulations, ample supply of affordable
natural gas, and proximity to large urban areas. The state's energy policies facilitate easy project approvals, and the availa-
bility of natural gas ensures a steady and cost-efficient energy source. Moreover, being near cities such as Dallas, Houston,
and Austin provide access to markets, strong telecommunications networks, and a skilled labor force. As the top natural gas
producer, accounting for 24.6% of U.S. production in 2022 and holding nearly 25% of reserves, Texas could see increased
demand for natural gas, benefiting commodity producers.’

6 Source: McKinsey & Company, Global Energy Perspective 2023, November 8, 2023
7 Source: DWS, Company Sources, March 31, 2024
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Although natural gas will serve as the main energy source for data centers in the near future, the adoption of renewable
energy presents both significant opportunities and unique challenges. Renewable energy firms have the potential to offer
sustainable energy, with future supply already being quickly absorbed by leading technology firms. Rapid advances in solar
photovoltaics, wind turbines, and energy storage systems are making renewable energy more viable for data center opera-
tions. The cost of electricity from solar photovoltaics has fallen by 87% between 2010 and 2022, bringing it closer to being a
competitive option for powering data centers. Additionally, innovations in energy storage are improving the reliability and
consistency of renewable energy sources, addressing one of the key challenges in their integration.

A leading technology company, for example, has committed to operating its data centers on 24/7 carbon-free energy by
2030, leveraging a combination of renewable energy sources and advanced energy storage technologies. Such commitments
clearly demonstrate a broader trend towards sustainable energy practices in the data center industry, driven by both regula-
tory pressures and individual corporate sustainability goals.

Energy efficiency is another critical consideration in the operation of data centers. As the number of data centers continues
to grow, the need for energy-saving technologies will inevitably increase. Solutions such as advanced cooling systems, en-
ergy-efficient servers, and intelligent energy management tools are key to minimizing the energy consumption of data centers
and improving efficiency. The U.S. Department of Energy (DOE) is actively promoting energy efficiency in data centers
through initiatives such as the Better Buildings Data Center Challenge. This program encourages data center operators to
enhance energy efficiency by at least 20% over the next decade. Companies that embrace these innovations will likely reduce
their operational expenses and contribute to broader sustainability objectives.®

According to Trafigura, adaption of Al across various industries is projected to notably increase the demand for copper,
potentially adding up to 1 million tons by 2030. This growth could be driven by the critical role copper plays in Al-related
technologies such as data centers and advanced computing systems which rely heavily on this metal for wiring and compo-
nents, not to mention the additional energy infrastructure buildout and replacement of aging transmission networks. The
surge in demand comes at a time when copper supplies are already constrained, potentially leading to price hikes and tighter
market conditions. For copper producers this situation presents a lucrative opportunity. The expected increase in demand
should enable producers to take advantage of higher prices and sales volumes to drive profitability and invest in additional
production capacities. The overall tight balance in the copper market highlights the importance of timely capital allocation
towards added capacity and production technologies to meet the urgent need for more supply spurred by Al advancements.

While specific estimates for Al-driven aluminum demand are less frequently discussed than those for copper, we believe that
overall trend will be overwhelmingly positive. Al applications in data centers and other technology infrastructures should
increase the need for aluminum because of its role in cooling and structural component, as well as contributing to the devel-
opment of energy infrastructure. According to recent industry reports, the global aluminum market is set to reach $393.7
billion by 2032 from $243.89 billion in 2024, driven by various applications including those influenced by Al technologies.®

8 Source: U.S. Department of Energy, March 31, 2024
9 Source: Trafigure, June 6, 2024
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Conclusion

The rise of Al is set to significantly impact the need for Real Assets such as natural resources and commodities, real estate,
renewable energy, and the development of midstream infrastructure. Utilities, natural gas and midstream companies are
strategically positioned to benefit from this trend through increased production and transportation needs to meet rising
energy requirements. Renewables should also play a major role, leveraging the desire of technology giants to rely on sus-
tainably sourced power sources. The on-going development of energy infrastructure and the adoption of energy-efficient
technologies will be critical in supporting the Al boom and its associated energy requirements. The energy sector must adapt
to these changes quickly to ensure a balanced and sustainable energy transition. We believe that active management is the
best approach for distinguishing between companies poised to benefit from the continued increases in power demand driven
by Al and machine learning, as not every company will be affected similarly by these technological advancements.

Eugene Bidchenco, CFA
Portfolio Manager - Liquid Real Assets

Steve Stubitz, CFA
Portfolio Manager - Liquid Real Assets

Edward Mui, CFA
Portfolio Manager - Liquid Real Assets
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The brand DWS represents DWS Group GmbH & Co. KGaA and any of its subsidiaries, such as DWS Distributors, Inc., which offers investment products, or DWS Investment Management
Americas, Inc. and RREEF America L.L.C., which offer advisory services.

This material was prepared without regard to the specific objectives, financial situation or needs of any particular person who may receive it. It is intended for informational purposes only.
It does not constitute investment advice, a recommendation, an offer, solicitation, the basis for any contract to purchase or sell any security or other instrument, or for DWS or its affiliates
to enter into or arrange any type of transaction as a consequence of any information contained herein. Neither DWS nor any of its affiliates gives any warranty as to the accuracy, reliability
or completeness of information which is contained in this document. Except insofar as liability under any statute cannot be excluded, no member of the DWS, the Issuer or any office,
employee or associate of them accepts any liability (whether arising in contract, in tort or negligence or otherwise) for any error or omission in this document or for any resulting loss or
damage whether direct, indirect, consequential or otherwise suffered by the recipient of this document or any other person.

The views expressed in this document constitute DWS Group’s judgment at the time of issue and are subject to change. This document is only for professional investors. This document
was prepared without regard to the specific objectives, financial situation or needs of any particular person who may receive it. No further distribution is allowed without prior written
consent of the Issuer.

Investments are subject to risk, including market fluctuations, regulatory change, possible delays in repayment and loss of income and principal invested. The value of investments can
fall as well as rise and you might not get back the amount originally invested at any point in time.

An investment in real assets involves a high degree of risk, mcludmg possible loss of principal amount invested, and is suitable only for sophisticated investors who can bear such losses.
The value of shares/ units and their derived income may fall or rise.

Companies involved in artificial intelligence and big data face intense competition, may have limited product lines, markets, financial resources and personnel. Artificial intelligence and
big data companies are also subject to risks of new technologies and are heavily dependent on patents and intellectual property rights and the products of these companies may face
obsolescence due to rapid technological developments.
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other fiduciary capacity with respect to any transaction presented to you. Any transaction(s) or products(s) mentioned herein may not be appropriate for all investors and before entering
into any transaction you should take steps to ensure that you fully understand such transaction(s) and have made an independent assessment of the appropriateness of the transaction(s)
in the light of your own objectives and circumstances, including the possible risks and benefits of entering into such transaction. You should also consider seeking advice from your own
advisers in making this assessment. If you decide to enter into a transaction with DWS Group, you do so in reliance on your own judgment. The information contained in this document is
based on material we believe to be reliable; however, we do not represent that it is accurate, current, complete, or error free. Assumptions, estimates, and opinions contained in this
document constitute our judgment as of the date of the document and are subject to change without notice. Any projections are based on a number of assumptions as to market conditions
and there can be no guarantee that any projected results will be achieved. Past performance is not a guarantee of future results. The distribution of this document and availability of these
products and services in certain jurisdictions may be restricted by law. You may not distribute this document, in whole or in part, without our express written permission.
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