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Robots have existed for decades. In fact, the word "robot" was first introduced in 1920 by Czech playwright Karel Capek in his play
Rossum's Universal Robots to describe human-looking machines used for mundane labor." Since then, technological innovation has
expanded robotic systems beyond basic industrial applications to the point where humanoid robots in our workplaces and homes is not
some far-fetched idea. Though still in the development phase, the rapid acceleration of humanoid technology, driven by the dynamic
convergence of robotics and artificial intelligence (Al), is bringing industry leaders closer to mass application, production, and market
entry. Improving systems understanding, coupled with declining robotics hardware costs, is also making commercial scale production
and application practical.

In this piece, we highlight how humanoids’ advancing functionalities and applications make this space an attractive investment
opportunity for investors looking to capture what we expect to be a paradigm-shifting technology.
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TECH ADVANCEMENTS FUEL LUCRATIVE OPPORTUNITIES FOR HUMANOID MARKET
Sources: 2010-2023 Global X ETFs estimates with information derived from: Goldman Sachs. (2022, November 15).
Humanoid Robots: Sooner Than You Might Think. Science Robotics. (2017, December 20). Humanoid robotics — History,
current state of the art, and challenges. The Economic Times. (2024, January 22). Elon Musk expects 1 billion humanoid
robots by 2040s. University of Groningen. (2019). Service Robots Rising.
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Key Takeaways

— Recent technological breakthroughs and decreasing production costs make mass production and adoption of humanoid
robots more of a reality than ever.

— Historical automobile industry trends and the growth of collaborative robots suggest that humanoids are poised for
mainstream adoption, fueled by technological advancements, supply chain challenges, wage inflation, and aging population.

— Investors looking for exposure to the humanoid market can find opportunities across the supply chain, particularly in robotic
manufacturers, Al chipmakers, sensor developers, and related component and material suppliers. Cloud infrastructure and
data management software providers are also in line to potentially benefit from the increase in data generation.

Humanoid Market Growth Expected to Go on the Fast Track

Humanoids are advanced robotic machines capable of emulating human actions, reasoning, and operations. They represent the
convergence of technologies like Al, biomechanics, machine learning, and sensor connectivity with learning, cognitive development,
and behavioral studies. Humanoids are crafted to mimic the human shape, aligning with the human-centric design of our world, from
tools to building to homes. This not only is meant to facilitate their seamless integration into our environment, but a robot that resembles
a human might gain quicker social acceptance compared to a radically different form.

The potential market opportunity for humanoids is massive, and it's accelerating. Tesla CEO Elon Musk and industry stakeholders
believe there could be over 1 billion humanoids on Earth by the 2040s.2 While adoption of single-purpose collaborative robots (cobots)
is already widespread in industrial settings, the potential of general-purpose humanoid robotics remains largely untapped, with their
appeal being their versatility. Once considered a futuristic vision, humanoids are now a tangible reality, capable of working in diverse
settings like hazardous factories, and elderly homes, bringing innovative solutions to sectors like logistics, manufacturing, and
healthcare.

Considering the global manufacturing (industrial) workforce, which we expect will grow from 252 million workers in 2024 to 400 million
by 2035, the industrial humanoids total addressable market (TAM) is roughly $1.75 trillion.34 Our estimate assumes that humanoids
could potentially impact 35% of workers, in most cases by elevating them to more meaningful tasks, with humanoids selling at an
average selling price (ASP) in the range of USD $10,000-$15,000.5

Similarly, in the context of households, we expect humanoids to command an ASP in the same range as industrial ones, despite
differences in functionality. Industrial robots are designed for heavy lifting and more power, whereas household humanoids may be
tailored for friendly interaction and domestic tasks like monitoring and housework, leading to distinct technical and systematic
differences. Assuming humanoids can penetrate up to 15% of the 1.5 billion global households by 2035, 225 million household
humanoids could be possible.® At the same ASP of USD $10,000-$15,000, the TAM for household humanoids could reach $2.8 trillion.
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ESTIMATED GLOBAL HUMANOID TOTAL ADDRESSABLE MARKET (2035)

Sources: Global X ETFs estimates.
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Humanoid Penetration Likely to Parallel Early Automobile, Cobot Trends

We believe humanoid utility will eventually prove as valuable to the average household as the automobile. Patented in 1886, gas-
powered vehicles achieved commercial sales a mere seven years later in 1893, before quickly evolving into a household necessity with
widespread consumer sales.” In the process, the automobile transformed economies by making the transportation of goods, services,
and people more accessible, efficient, and cost-effective, boosting economic productivity at scale.

The latest disruption in the automobile industry is the increasing proliferation of electric vehicles (EVs), an innovation also once
considered futuristic. Today, EV’s not only represent a major automotive milestone, but they’re also advancing the affordability and
sophistication of Al chips, advanced sensors, and batteries, all key components used in robots.

Similarly, cobots took only about 10 years to evolve from their initial commercial release to widespread sales, despite facing skepticism
upon ideation.8 We expect the same catalysts that propelled cobots adoption — technological advancements, supply chain challenges,
wage inflation, and demographic shifts — to fuel humanoid adoption in the coming decade.

Humanoids are already working alongside humans in warehouses and auto plants as part of pilot programs, tackling repetitive and
dangerous tasks, such as moving heavy containers. An example is Amazon’s Digit, a bipedal robot developed by Agility Robotics for
transporting and recycling eCommerce totes.® High demand for Digit, the first commercially available humanoid designed for
warehouse tasks, led Agility to build a dedicated factory with plans to produce 10,000 units annually.'® Businesses that join Agility's
Partner Program, which allows Digit's capabilities to be customized, can expect robot deliveries in 2024, with a broader market rollout
slated for 2025." Additionally, robotics startup Figure recently signed an agreement with BMW to pilot its general-purpose humanoids
in BMW’s South Carolina manufacturing facility to assist with automotive production.2

Demand for humanoids in factories is likely to steadily increase into the mid-2030s.'® Thereafter, technological unlocks should bring
humanoids to the service industry and into households, being capable of performing tasks like cooking, cleaning, and gardening. This
transition towards household applications is expected to extend into the 2050s, albeit at a slower pace due to the intricate challenges
they pose.
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EARLY HUMANOID ADOPTION CURVE RESEMBLES THAT OF EARLY AUTOMOBILES

Sources: Global X ETFs with information derived from: Strategy + Business. (2023, August 15). Boston Dynamics wants
to change the world with its state-of-the-art robots. Whisbi. (2022, February 1). The history of car sales.
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The Humanoid Industry’s Momentum is Building

Widespread adoption of humanoids requires several key improvements. In the future, we believe the leading humanoid prototypes will
be those that excel in seamlessly integrating mobility and agility movements with elite cognitive abilities, a combination yet to be
mastered by today’s models. For that to happen, battery life must improve drastically or adapt to a fast-charging cycle that allows for a
full day of work before recharging. Today’s humanoids, particularly those equipped with hydraulic actuators, can typically only work in
short two-hour bursts.5

Further enhancements in mobility, agility, and processing capabilities are essential, along with better depth cameras, force feedback,
and communication sensors. Computation gains are also needed for efficient navigation, task completion, and the ability to respond to
questions. This type of computation requires more progress in end-to-end Al for software systems to not only execute tasks originating
from initial commands, but also to seamlessly adapt to evolving scenarios in real time.

Household and service applications present complex physical scenarios, require sophisticated object recognition, and demand
advanced mobility, dexterity, and balance. Understanding how different individuals interact with and respond to humanoids adds
another layer of complexity, necessitating a high degree of personalization.'® However, the household and services category is a
promising market opportunity, particularly because the global population aged 60 and older is projected to double to 2.1 billion by
2050."7 This cohort can be a prime market for humanoid-aided assistance with daily tasks.

Finally, to enhance the financial viability of these robots, production costs must continue to decrease to ensure that their value output
surpasses their input costs. Today, building humanoid robots ranges from $30,000 for a basic model to $150,000 for a high-end one,
which is already a significant decrease from 2022’s range of $50,000-$150,000.'8.1° Further cost reductions can reduce barriers to
adoption and lead to a positive market response, especially within the household setting. Like the automobile, we anticipate that
households will begin to have the financial capacity to purchase personal humanoids within the next 15 years.
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ESTIMATED TOTAL PRODUCTION COSTS FOR STANDARD HUMANOID ROBOT (2023)
Sources: Global X ETFs with information derived from: Macquarie (2023, February 2023). Are we turning a corner on the
humanoid robot age?
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Companies Leading the Rise of Humanoids

Prominent companies driving the humanoid robotics field include established players like Boston Dynamics, Tesla, and Toyota, and
startups like Agility Robotics and Figure, with each company bringing a distinct focus to the space.

For example, introduced by Boston Dynamics in 2013 as part of the DARPA Robotics Challenge, Atlas is the most advanced humanoid
robot.20 With its bipedal agility, human-like movement, autonomous navigation, and robust learning abilities, Atlas has gained
widespread industry acclaim and has become an internet sensation. Atlas features whole-body skills for swift, dynamic movements,
allowing it to lift and carry objects, perform complex exercises like jumping and backflips, and participate in disaster response and
industrial tasks that demand dexterity and adaptability.2! Atlas is a research platform and isn't available for purchase, but it is a catalyst
for innovation in the industry.22

Unlike Atlas, Tesla's second-generation humanoid robot, Optimus Gen 2, is in development for commercial purposes.z Optimus Gen 2
is a versatile, general-purpose machine capable of assisting in multiple domains, including manufacturing, construction, healthcare, and
entertainment.2 The robot offers precise, flexible movement capabilities, and its hands, equipped with 11 degrees of freedom, feature
tactile sensors and high-speed actuators, enhancing its object manipulation skills.2> Optimus runs on the same neural networks
powering Tesla’s cars, and the company’s expertise in battery technology, sensing, and computing is expected to allow it to operate
more cost-effectively than competitors. CEO Elon Musk stated that the prototype could cost only $20,000 upon launch. Additionally,
Tesla has plans to deploy the humanoids within its auto manufacturing facilities, which could also help expedite adoption.26
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AUTOMAKERS ARE A COMPETITIVE FORCE IN HUMANOID ROBOTICS GIVEN
THE CLOSE TIES BETWEEN THE AUTO INDUSTRY AND ROBOTICS

Sources: Medium. (2023, December 27). Tesla Robot Optimus Gen 2 - The Future. Global X ETFs with information derived
from: Robots; Your Guide to the World of Robotics. (n.d). Accessed on February 1, 2024.
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Agility Robotics Figure Al
Application Multi-Purpose Multi-Purpose Multi-Purpose Multi-Purpose Multi-Purpose
Size 5’0", 190 Ibs 5117, 121 Ibs 5’0", 165 Ibs 5'9”,143 |bs 567,130 Ibs
DoF 28 42 32 32 41
Speed 5.5 mph 6.5 mph NA 3.3 mph 2.7 mph
Force Fingers Extended arm Fingers Extended arm Fingers
Availability NA - Research 2024-2026* NA - Research Currently in use Currently in use

DoF = Degrees of Freedom, The degrees of freedom of a robot refers to the number of movable joints of a robot.
“Indicates Estimate.

Unraveling the Investment Opportunities Across the Humanoid Value Chain

Investors interested in the humanoid market can find opportunities across the supply chain, particularly through robotic manufacturers
for industrial, healthcare, or household settings, Al chipmakers, sensor developers, internet of things systems makers, and essential

component and material suppliers. Also, we believe companies specializing in Al and machine learning tools that enhance humanoid
robot capabilities present attractive opportunities.

We also expect cloud infrastructure and data management software providers to benefit from humanoid implementation, particularly in
household settings. The demand for custom, personalized Al models for consumer-based humanoids will likely lead to a significant
increase in data generation, fueling a substantial rise in expenditures on cloud computing resources and data management tools.

Conclusion: From Sci-Fi Dreams to Economic Reality

The remarkable progress in humanoid technology, fueled by groundbreaking technical advancements and cost reductions, signals the
potential for disruptive shifts across industries. Despite current challenges in combining mobility and cognitive abilities, we expect
innovation to continue and broad-based adoption to follow. By 2035, we expect the TAM for the global humanoid robotics market to
approach $4.85 trillion.2” As humanoids transition from industrial applications to household assistants, we believe that their assimilation

into society can bring economic advantages, including new ways to address global challenges like supply chain disruptions and
inflation. In that sense, we believe these machines can put a new spin on the word “robot.”
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Related ETFs

BOTZ — Global X Robotics & Atrtificial Intelligence ETF
AlQ — Global X Atrtificial Intelligence & Technology ETF

Click the fund name above to view current performance and holdings. Holdings are subject to change. Current and future holdings are
subject to risk.
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Shares of ETFs are bought and sold at market price (not NAV) and are not individually redeemed from the Fund. Brokerage
commissions will reduce returns.

Investing involves risk, including the possible loss of principal. The investable universe of companies in which AIQ and BOTZ may
invest may be limited. The companies in which the Funds invest may be subject to rapid changes in technology, intense competition,
rapid obsolescence of products and services, loss of intellectual property protections, evolving industry standards and frequent new
product productions, and changes in business cycles and government regulation.

International investments may involve the risk of capital loss from unfavorable fluctuation in currency values, from differences in
generally accepted principles or from social, economic, or political instability in other nations. Emerging markets involve heightened
risks related to the same factors as well as increased volatility and lower trading volume. AlQ and BOTZ are non-diversified.

Carefully consider the funds’ investment objectives, risks, and charges and expenses before investing. This and other
information can be found in the funds’ full or summary prospectuses, which may be obtained at globalxetfs.com. Please read
the prospectus carefully before investing.

Global X Management Company LLC serves as an advisor to Global X Funds. The Funds are distributed by SEI Investments
Distribution Co. (SIDCO), which is not affiliated with Global X Management Company LLC or Mirae Asset Global Investments. Global X
Funds are not sponsored, endorsed, issued, sold, or promoted by Indxx, nor does Indxx make any representation regarding the
advisability of investing in the Global X Funds. Neither SIDCO, Global X nor Mirae Asset Global Investments are affiliated with Indxx
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