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Robots

are the future. It is time for Congress and the administration to take a number of

straightforward and affordable steps to boost U.S. robotics innovation and adoption.

KEY TAKEAWAYS

An array of technologies are improving and coming together to enable robotics to be a key
“general purpose technology” for the next technology long wave.

Robotics is a strategic industry the United States cannot afford to lose to China, which is
making massive efforts to dominate the industry globally.

Robotics will be a critical technology to improving labor productivity and wage growth.

U.S. robotics adoption rates are anemic and are even behind China, a country with
significantly lower labor costs.

While U.S. innovators continue to deliver cutting-edge robotics breakthroughs, the actual
production of industrial robots is now dominated by foreign competitors. The United
States has no domestic foundries producing robots.

China is making substantial efforts to dominate the global robotics industry.

While ideally Congress should provide significant financial incentives to support robotics
innovation and adoption, in that absence, there are still many steps it and the
administration can take to boost U.S. robotics.
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INTRODUCTION

Robotics is the Rodney Dangerfield of technologies. Compared with artificial intelligence (Al),
quantum, blockchain, and all the other “cool kids,” it gets no respect. But that, thankfully, is
changing. An array of technologies are improving and coming together to enable robotics to be a
key “general purpose technology” for the next technology long wave.!

If the United States is to move beyond its anemic levels of productivity growth, applying robotics
to a wide assortment of physical tasks (not just in manufacturing but virtually every industry that
involves assembling or moving “things,” including people) will be critical. Robotics is also now a
key dual-use technology with important applications in both defense and commercial
applications. Letting China win the robotics competition would be highly problematic, and as the
Information Technology and Innovation Foundation (ITIF) has shown, the People’s Republic of
China (PRC) is well on its way to global dominance in robotics.?

As such, national robotics policies should focus on both supporting the development and global
competitiveness of the U.S. robotics industry as well as the widespread adoption of robots across
the U.S. economy.

Other nations, particularly China, have developed and implemented robust national robotics
strategies. The United States has not. The result has been extremely low rates of robotics
adoption and a lagging national robotics industry. Congress needs to take action to change that.
To that end, it has already taken a useful step with the implementation of first-year expensing for
equipment investment (in the recent “Big Beautiful Bill”), which will lower the after-tax costs of
robotics adoption. Ideally, Congress would pass a CHIPS Act-style bill with large ambitions and
robust funding for robotics. But this report assumes that is for another day, given the fiscal
challenges facing the federal government. Rather, it lays out a legislative and administrative
policy agenda for robotics that has a low “price tag.” However, first, the report discusses why
robotics is important, how the United States is performing, and what other nations are doing to
support robotics.

National robotics policies should focus on hoth supporting the development and global
competitiveness of the U.S. robotics industry as well as the widespread adoption of robots across the
U.S. economy.

Note that this report does not address concerns about structural unemployment from robust
robotics adoption. ITIF has done that in many other publications in the past.® Suffice it to say
that this is not a valid concern. The scholarly literature, historical evidence, and logic show that
while robotics applications will lead to some job loss (and as described herein, Congress needs to
improve programs for dislocated workers), it will not lead to higher levels of unemployment. Other
jobs will be created. What it will do is boost U.S. per-capita living standards by allowing the
economy to produce more with the same number of workers. It will also enable the United States
to more effectively compete in global markets because production costs will be lower.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2025 PAGE 3



WHY ROBOTICS MATTERS

While there is no hard and fast definition of robotics, the term generally refers to physical
machines that can be programmed to perform a variety of different tasks, with some level of
interaction with the environment and limited or no input from an operator. Some will argue that
autonomous systems (e.g., drones or autonomous vehicles) are robots. For the purpose of this
report, we will focus on more traditional robotics.

Robotics technology has the potential to be the most important technology of the next half
century. Improving productivity in many functions and industries that involve moving or
transforming physical things will depend on much better and cheaper robotics technology. To be
sure, robots are already driving productivity. But we have barely scratched the surface of their
potential because of limitations in functionality and costs. There is no reason why robots could
not pick up litter or clean streets and parks. They could prepare and deliver food in restaurants,
provide room service in hotels, and clean buildings. Robots could operate forklifts in warehouses,
stock shelves in stores, lay bricks, dig trenches, and, as they do in China, construct roads. They
could pick vegetables, fruit, and other crops that currently require manual labor. They could
reduce the cost of caring for the elderly, both at home and in assisted-living facilities.* They can
improve mining and manufacturing productivity, particularly in assembly and transport functions.

Yet, as MIT roboticist Rodney Brooks wrote, “Having ideas is easy. Turning them into reality is hard.
Turning them into being deployed at scale is even harder.” That is why a national robotics strategy is
so important.

Rather than think about robotics as discrete things—which they are—they are also in some cases
platforms. The smartphone, enabled by Moore's law and 4G connectivity, sparked an enormous
number of applications, many or even most of which were not even thought of before 2006.
Robotics, while getting better with both hardware and software (including Al) improvements, is
likely to be the same, with our imagination as one key limit.

The cost of implementing certain digital manufacturing technologies has decreased in recent
years. As Mike Coast and Bob Lyscas of the Michigan Manufacturing Technology Center
(Michigan’s MEP) explained:

In some areas like smart sensors or robotics, the cost has been reduced by as
much as 80 percent even over the past three years; what was costing in the area
of $750,000 three years ago might be closer to $100,000 today. That lower cost
is accelerating return on investment (ROI). For a 150-200 person-size company,
we're seeing ROl within 1.2-2 years and on the larger size firms (200-500
employees) we're seeing good ROl data in the two to five-year timeframe.”®

Still, costs need to fall further, and ease of use, flexibility, and quality need to get better.

Yet, as MIT roboticist Rodney Brooks wrote, “Having ideas is easy. Turning them into reality is
hard. Turning them into being deployed at scale is even harder.”® That is why having a national
robotics strategy is so important. The United States has a critical interest in accelerating robotics
development and ensuring adequate robotics production.
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ADOPTION AND PRODUCTION: WHERE THE UNITED STATES STANDS

Like any production technology, both the manufacturing of robotics and its adoption are
important. The United States lags behind on both.

U.S. Robot Adoption

Robots development and adoption are key to boosting productivity and living standards because
they increase firms’ efficiency. As a study by Mayer finds, greater robot density in manufacturing
is linked to higher output and, in turn, stronger gross domestic product (GDP) and better living
standards.’

However, despite this, the United States has failed to lead in the adoption and development of
robots when compared with other nations. Indeed, according to data from the International
Federation of Robotics (IFR), the United States was the ninth largest adopter of industrial robots
in the world with 285 robots per 10,000 manufacturing workers in 2022—down from seventh
place in 2017.8 (See figure 1.) In comparison, South Korea ranked as the world’s largest adopter
of industrial robots with 3.5 times more robots per 10,000 manufacturing workers—1,012
robots—than the United States.® Similarly surpassing the United States, Germany had 415
robots, Japan had 397 robots, and China had 392 robots per 10,000 workers.!°

Figure 1: Industrial robots per 10,000 manufacturing workers, 2022
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Moreover, controlling for wage levels, the United States performed even worse in robot adoption
in 2022. When ITIF compared expected robot adoption rates with actual rates, the United States
ranked 13th with just 70 percent of expected robot adoption given its manufacturing wages.!?
(See figure 2.) Meanwhile, at the top were East Asian nations with China adopting 12.5 times
more robots than expected, South Korea adopting 8.5 times more, Taiwan 5.9 times more, and
Singapore with 5.3 times more.!3

Figure 2: Actual robot adoption rate as a share of expected robot adoption rate, 2022

France |}
Austria
Denmark
Italy
Netherlands
Switzerland
United States
Spain
Germany
Sweden
Canada
Slovenia
Czech Republic
Japan

Hong Kong
Singapore
Taiwan
Korea

China

0% 200% 400% 600% 800% 1,000% 1,200% 1,400%

Only 8.3 percent of U.S. manufacturing industries’ firms, which benefit most from using robots, have
actually incorporated robots.

The fact that the United States lags behind other nations in robot adoption and development is
not surprising. While other nations have established national goals and strategies to support
robotics innovation and adoption, the United States has established policies that tend to harm
robotics adoption and innovation. For instance, an ITIF report finds that while some nations have
proactive tax policies to incentivize robotics adoption, the United States offers less-generous tax
treatment of capital expenditures, thereby disincentivizing investments in robotics.!® These
policies are partly because the Americans tend to be more concerned over robots taking over
jobs, despite multiple studies finding the contrary. As a study by Lee and Sabanovic finds,
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cultural attitudes play a role in a nation’s robot adoption rate.!® Corroborating this, an ITIF study
also concludes that countries’ wage-adjusted industrial robot adoption rates are modestly
positively correlated with the degrees to which countries’ residents believe more emphasis should
be placed on the technology in the future.!’

As a result, the United States’ lack of support for robotics adoption and development has led to
low robot adoption rates across industries. According to the National Science Foundation’s
(NSF’s) Annual Business Survey, only 1.3 percent of firms in all industries have used robots as
part of their processes or methods in the production of goods and services.!® Meanwhile, only 1
percent of nonmanufacturing industries’ firms have incorporated robots.!® Although higher, only
8.3 percent of U.S. manufacturing industries’ firms, which benefit most from using robots, have
actually incorporated robots.?° (See figure 3.) Fortunately, the rates of usage are slightly higher
for key advanced manufacturing industries where higher output is most important, which could
lead to higher global market shares. These industries include computer and electronic products
(usage rate: 12.1 percent); electrical equipment, appliances, and components (usage rate: 9.1
percent); and aerospace products and parts (14.2 percent).?! Nevertheless, U.S. industries’ robot
usage rates are still quite low, leading to a low overall robotics adoption rate in the United
States.

Figure 3: Share of firms using robotics as part of their processes or methods?>
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U.S. Robot Production

Despite pioneering robotics, the United States does not lead the world in producing them, raising
serious alarm. As with so many advanced technologies, the United States remains strong in
research and invention but weak in manufacturing. While U.S. labs continue to deliver cutting-
edge robotics breakthroughs, the actual production of industrial robots is now dominated by
foreign competitors. Japan, for instance, accounted for 46 percent of global robotics output and
36 percent of exports in 2022.23 The United States, despite its much larger economy, accounted
for just 5.4 percent of global robotics exports.2* That means Japan’s robot export intensity is
roughly 20 times higher than that of the United States.?® As such, the message is clear:
America’s robotics know-how is not being matched by an ability to produce at scale.

This is because the broader U.S. industrial ecosystem that’s needed to support large-scale
robotics production remains underdeveloped. The United States does not have a single major
firm mass-producing industrial robots. In other words, the United States has no domestic
foundries making them.?¢ As a result, Japan, Germany, and China are the main providers of
critical robot components such as servo motors, speed reducers, and precision sensors.?’ Despite
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the United States hosting leading foreign robotics firms such as ABB and Fanuc, these firms do
most of their advanced manufacturing elsewhere.?® As a result, the United States ran a $1.26
billion trade deficit in robotics in 2022, exporting less than one-third the value it imported.?°
Moreover, even with its poor production compared with other nations, the United States’ flagship
public-private accelerator, the ARM Institute, operates with just $30 million while China is
investing $138 billion to expand its Al and robotics manufacturing base.3°

The United States does not have a single major firm mass-producing industrial robots.

More recent data from the Observatory of Economic Complexity also shows that the United States
continues to depend on other nations for robots. Indeed, the United States exported only $169
million in industrial robots while importing more than 4 times that amount at $707 million in
2024.3! Of the $707 million in imports, $237 million came from Japan, $148 million from
Germany, $73.7 million from South Korea, $39.9 million from Mexico, and $29.7 million from
China.®? (See figure 4.)

Figure 4: U.S. imports of industrial robots by country in 20243
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That said, the United States does have some robotics companies. Massachusetts-based Teradyne
Robotics is a global leader in advanced robotics through its ownership of Universal Robots, the
pioneer and market leader in collaborative robots, and Mobile Industrial Robots, a pioneer and
top player in autonomous mobile robots.3* This American leadership in two of the fastest-
growing robotics segments is a significant asset to the nation’s robotics ecosystem, and
Teradyne recently announced plans to open a robotics manufacturing and service center in the
United States.®® Productive Robotics, a California-based company, manufactures 95 percent of
its parts domestically and produces multi-axis collaborative robots that help automate machining
processes. 3 Ingersoll Machine Tools in Illinois developed the Master Print Robotic, which
combines 3D printing and CNC milling in a single machine. The United States is also home to a
vibrant ecosystem of robotics start-ups, thanks in part to its leadership in software.3” And
companies such as Rockwell Automation are global leaders in the services side of the robotics
industry. These examples show that the United States still has the talent and capability to
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compete. But without a broader strategy to translate innovation into production, they remain
exceptions, and fast followers in other nations can quickly replicate American breakthroughs and
undercut U.S. firms on cost. If the United States wants to reclaim leadership in robotics, it must
use policy to proactively incentivize robotics production.

OTHER NATIONS’ ROBOTICS STRATEGIES AND POLICIES

As robotics and automation have become a critical technology among advanced nations, many
countries have established comprehensive national strategies to support innovation and adoption
in the industry, while others have adopted an ala carte approach to robotics policy, implementing
research and development (R&D) incentives and workforce training programs in robotics. This
section reviews the various robotics strategies employed to drive growth in both the supply and
demand of the robotics industry.

National Strategies

Leading nations have increasingly deployed national robotics strategies as a comprehensive
approach to catalyze the innovation and growth of robotics sectors. These strategies often involve
a range of incentives, subsidies, and other programs designed to not only increase investment in
robotics R&D but also incentivize adoption, a key challenge for many nations seeking to
automate. Although complex to implement, a national strategy encompassing most or all
elements of robotics growth is the most effective way to build a nation of robotics innovation.

In 2014, Japan was one of the first nations to recognize the power of automation and robotics,
establishing its goal to realize a “new industrial revolution driven by robotics.”*® Shortly
thereafter, the Japanese government announced its “New Robot Strategy,” an initiative from
2016 to 2020 focused on the adoption of robotics in key, low-productivity sectors, including
agriculture, healthcare, and infrastructure.°

In 2020, Japan launched the Moonshot Research and Development Program, which, although
not solely focused on robotics development, places emphasis on the development of Al and
autonomous learning robots. The program is investing $440 million in 10 technology goals
through 2050, including Al robotics. Japan’s desire for greater automation stems from a
necessity perhaps greater than that of any other country. Its rapidly aging population has placed
pressure on its economy, leading to a shrinking workforce and a greater need for employees in
the service and healthcare sectors. Thus far, Japan’s strategies have been successful. In 2024, it
was the number one industrial robot manufacturer in the world, and had the fifth greatest robot
density, with 419 robotic units per 10,000 workers installed.*®

South Korea will invest $2.2 billion in service and manufacturing robotics through 2028, with the aim
of deploying 1 million robots globally by 2030.

Similar to Japan, South Korea has enacted several iterations of its national robotics strategies, all
of which have been successful in propelling Korea to the top of global robotics leadership.
Beginning with its Intelligent Robots Development and Distribution Promotion Act of 2008,
South Korea is currently implementing its 4th Basic Plan on Intelligent Robots, which was
launched in January 2024 and will run through 2028. The plan is investing $2.2 billion in the
robotics industry, specifically supporting the development of robotics for the manufacturing and
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services sectors. The plan aims to establish the K-Robot economy, expanding the industry’s
global reach and deploying 1 million robots by 2030.4! South Korea was the world’s number one
adopter of industrial robots in 2024, with a robot density of 1,012 robots per 10,000
employees.*?

In Europe, the campaign for robotics innovation is underway at both the continental and national
levels. Horizon Europe, the European Union’s innovation framework, has emphasized the need to
develop Europe’s robotics industry. But unlike other countries, it has stressed the need for robots
to be complements to humans, not replacements. The EU has allocated nearly $100 billion for
this initiative through 2027, with funding going to several key focus areas, including robotics in
healthcare, climate change technology, and agriculture. At the same time, the European
Commission has provided $183 million through the end of 2025 for a robotics-related work
program.*3 Despite these initiatives, the EU’s robot density is rather low, at about 219 robots per
10,000 workers.*

Within the EU, several countries have developed their own national robotics strategies. Germany,
France, and the Netherlands have all implemented individual national strategies with focuses
tailored to their respective countries. Germany and the Netherlands are focusing their
investments on service robot innovation for logistics and manufacturing, while France’s
“Robolution” initiative concentrates on research more broadly, with a goal of establishing a
network of robotics research centers.*®

When it comes to robotics strategies, no nation has implemented one as comprehensive as China’s.

Other nations, such as India, Singapore, and Australia, have focused their national robotics
strategies around select industries in which they have a comparative advantage. Singapore has
launched its National Robotics Programme, focusing on incentivizing robotics R&D in three key
sectors: healthcare, construction and infrastructure, and environmental services.*® Similarly,
India’s National Strategy for Robotics emphasizes leveraging robotics for economic development,
with a focus on the agriculture, healthcare, and manufacturing sectors.*’ Australia’s National
Robotics Strategy aims to increase automation, not only in traditional industries such as
agriculture and manufacturing but also in natural resource-intensive sectors, including mining
and marine industries.*®

However, when it comes to robotics strategies, no nation has implemented one as comprehensive
as China’s. Since 2014, China, under the leadership of President Xi Jinping, has been seeking a
so-called “robot revolution” by implementing multiple robotics strategies and outlining 11 key
areas where it aims for more robotics innovation and adoption. These include healthcare,
education, and energy.*® China is currently on its 14th Five-Year Plan for Robot Industry
Development, which complements its overall five-year development strategy, “Made in China
2025.” Within this strategy are the creation of regional innovation hubs and research institutes
focused on robotics, as well as national, provincial, and local subsidies for research investment
and adoption. Additionally, there are foreign direct investment incentives, such as attractive tax
policies and state-backed venture capital funds, and support for the acquisition of already
established advanced robotics firms in other countries.®°
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This moonshot approach to robot development has been successful thus far, with China’s robot
density having doubled over the past four years, increasing to 470 units per 10,000 workers,
ranking it third globally. If China continues at its current growth rate, it will surpass South Korea
for the world’s greatest robot density by 2026.5!

Tax Credits, Subsidies, and Grants

Some of the most fundamental elements of a national robotics strategy include financial
incentives for firms conducting R&D and manufacturing robots. These incentives often take the
form of tax breaks, subsidies, and research grants awarded to firms that are recognized for
conducting innovative work in the field. Several countries offer incentives such as these.

In Germany, the largest robotics market in Europe, robotics firms benefit from their position
within the EU, as firms are eligible for research funding from the German and EU governments.
The EU has allocated $100 million to research funding in key technology areas, while the
German government is offering cash grants for R&D support totaling €70 million, or $81.6
million, through 2026.%2 Additionally, Germany’s Research Allowance Act provides a 25 percent
R&D tax credit to firms for up to €500,000 per firm for R&D investments. This R&D tax credit is
not specific to robotics research, but robotics firms qualify.53

R&D tax credits were the most widely used and economically significant policy device to support
research activities in the Organization for Economic Cooperation and Development (OECD) in
2024. In the OECD, 34 out of 38 nations implemented some form of an R&D tax credit,
reimbursing researchers with a portion of their research expenses after the fact. Portugal,
Iceland, and the United Kingdom provided the greatest tax relief for R&D as a percentage of
GDP.

Several countries, including the United Kingdom, the Netherlands, Switzerland, and the UAE,
provide additional subsidies for R&D explicitly conducted in the robotics industry. The United
Kingdom, for example, has pledged £93 million, or approximately $125 million, to robotics R&D
through its Industrial Strategy initiative.®

The Chinese national government has established a state-owned venture capital fund for robetics, Al,
and other critical technologies, with the goal of $138 billion in capital by 2045. Provincial
governments have also invested millions of dollars in robotics.

Rather than a specific national robotics strategy, Australia has a national Industry Growth
Program designed to boost innovative technology industries, including robotics. This strategy also
utilizes an R&D tax credit to incentivize investment in robotics, which ranges from 8.5 percent to
18.5 percent, depending on company size and R&D intensity.>® Additionally, Australia has begun
implementing a series of grants for small and medium-sized enterprises (SMEs) working in one or
more of the seven government-identified industry priority areas (including robotics). Grants can
reach up to $5 million.®%®

Unsurprisingly, the financial incentives offered by the Chinese government for robotics firms are
substantial. The national government has established a state-owned venture capital fund for
robotics, Al, and other companies operating in critical technologies, intending to raise $138
billion in capital by 2045. Provincial and local governments have also made a point to invest
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heavily in state robotics capabilities. Beijing announced a $1.4 billion robotics fund to promote
the development of robotics technology, while Shenzhen announced a $630 million policy
package to advance Al and robotics innovation, with individual subsidies covering up to 60
percent of a business’s total costs.®” However, it is possible these values are inflated, as
provincial governments are likely to curry favor with the national government based on the value
of the incentives provided.®® Regardless, even if exaggerated, these values are significant
investments in Chinese robotics adoption.

Research Institutes

Research institutes are organizations focused on conducting specialized research, often in
critical technology areas, including robotics. Institutes, especially those funded publicly, are key
components in developing an innovation ecosystem, as they often conduct research deemed too
risky for businesses and too specialized for universities, thereby filling the gap between the
amount of market R&D investment and the socially optimal amount of R&D. Robotics research
institutes are key to translating basic research into marketable solutions with an economic
impact.

Several nations have plans within their national robotics strategies to establish or expand
networks of research institutions. India’s national strategy calls for a network of Centers of
Excellences (CoEs) to be developed. These centers will undertake both foundational and applied
research. For India, robotics represents a path toward economic growth and development;
however, investment in the technology by the private sector is low due to the high costs of capital
and training employees. The CoEs will benefit the Indian economy in two ways. For one, they will
support the training of future robotics experts, thereby increasing the supply of trained
professionals in the field and decreasing the future cost of hiring and training workers.
Additionally, they will partner with private sector firms to conduct applied robotics research,
thereby reducing the R&D costs for these companies. ®°

In the UAE, Dubai Future Labs are publicly funded research labs that, like those in India,
conduct research on the “pain points” of the robotics industry that are otherwise untouched by
private firms, and work to turn basic research into applied research for product development. The
Future Labs have been used to develop unmanned aerial vehicles for last-mile delivery and
beyond-visual-line-of-sight drones. They are focusing on accelerating R&D in five areas, including
robotics in production and manufacturing, tourism, mobility and logistics, extreme environments,
and healthcare.®®

In addition, the Labs serve as a teaching facility and a working space for private researchers, who
can utilize Dubai Future Lab’s facilities to test newly developed technologies using its state-of-
the-art equipment. The Labs also act as teaching facilities with workforce training programs.
Internships, fellowships, and Ph.D. programs are offered to young graduates, enabling them to
work in labs under the guidance of experts in the field of robotics.®!

The Chinese government has also established research institutes and innovation hubs for
robotics, following the model of the American system, Manufacturing USA. Like Manufacturing
USA, China has established several public-private research institutes in critical technologies,
including one focused on robotics. However, unlike the American system, China has centered all
activities related to a specific technology, such as research institutes, companies, universities,
and other research activities, in one location. For robotics, one of these locations is Dongguan
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Robot City. There, the robotics industry is a key player in the economy, and publicly funded
research institutions play a central role in the economy.®?

Germany has also developed a robotics research institute similar to those in the UAE and India,
while Japan and Saudi Arabia have each established public-private robotics partnerships,
facilitating the transfer of knowledge and skills between establishments. One study finds the
Japanese program to be highly effective in spurring robotics development.®®

Workforce Training

Developing a strong robotics economy involves not just investment in R&D and partnerships with
innovative firms, but also educated and capable workers. This makes adequate robotics
education programs not a want, but a need. Several countries have established robotics training
programs for students in schools and universities, as well as reskilling programs for post-graduate
professionals.

Saudi Arabia launched the Saudi Vision 2030 initiative in 2016, a plan aimed at transitioning
the country away from its reliance on energy and oil and developing expertise in other areas of
Industry 4.0, including robotics. Within this initiative, Saudi Arabia is emphasizing the
importance of robotics education, particularly at a young age. The King Abdulaziz City for
Science and Technology (KACST), an autonomous government organization dedicated to
promoting science and technology, has introduced STEM education programs into the country’s
educational curricula for students. Along with teaching students the principles of robotics,
students are provided with robotics equipment and resources and offered classes in programming
and engineering. The success of these programs is evident in the growing popularity of robotics
competitions nationwide. KACST has also developed robotics training workshops and training
centers to provide individuals with hands-on experience in robotics technology.%*

Germany and Mexico, both manufacturing powerhouses, have seized the opportunity to leverage
automation in factories, particularly in the automotive industry.

In Brazil, the focus has been on bringing robots to students and working adults, thereby
increasing exposure and interest in the field. Universal Robots, a collaborative robot (cobot)
manufacturer, has sold over 200 cobots to Brazil's National Industrial Training Service, reaching
more than 2 million students and professionals. Additionally, Brazil's Social Service of Industry
agency has purchased over 20 cobots for 7 to 17 year-old students in the federal state of Minas
Gerais, increasing early exposure to robots and STEM (science, technology, engineering, and
math) fields broadly.®®

Germany and Mexico, both manufacturing powerhouses, have seized the opportunity to leverage
automation in factories, particularly in the automotive industry. This strong demand for robotics
professionals has led to the development of hundreds of higher education robotics programs in
both nations, with over 300 each.®® Mexico also now offers federal scholarships to students
studying in critical technology fields, including robotics.

Adoption Incentives
For many countries, including the United States, the reluctance of firms to adopt robotics and
automation into their operating procedures is a significant hurdle to overcome. Consequently, it
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has become commonplace for governments to offer incentives to firms that adopt automation
technology. Some nations have created incentives or programs specifically to encourage robotics
adoption, while others have roped robotics in with other productivity-enhancing equipment, such
as machinery and software.

In Singapore, which already has one of the highest robot densities in the world, the government
invested $60 million in 2024 alone to promote the adoption of robotics. The incentives offered
through the program include the first-year full expensing of any prescribed computer or
automation equipment, including robots, as well as the launch of Singapore’s RoboCluster
initiative.®” RoboCluster will partner robotics firms with industries that are seen to benefit most
from automation, such as facilities management, and offer forums and workshops to foster trust
between the public and robots, encouraging further adoption of robotics.%®

South Korea, which has the highest robot density in the world, has developed a range of policy
tools to encourage the adoption of robotics technologies. First and foremost is the establishment
of the Korea Robot Industry Promotion Agency, which is responsible for adjusting regulations and
laws that restrict the expansion of the South Korean robotics industry, as well as creating and
implementing incentives for adoption.®® For example, firms investing in automation technologies
are eligible to receive an additional tax deduction of up to 7 percent, depending on the size of
the business.’®

Singapore, which has one of the highest robot densities in the world, invested $60 million in 2024 to
encourage the adoption of rebots. This investment will finance the full expensing of automation
equipment, as well as forums and workshops designed to foster trust hetween the public and robots.

Japan and Slovenia, meanwhile, offer accelerated depreciation to firms purchasing new
equipment, including robotics, allowing firms to deduct a greater portion of an asset’s value
earlier in its lifespan, incentivizing adoption.’!

In China, provincial governments have provided significant subsidies for firms to buy robots. For
example, in 2018, Guangdong Province invested approximately $135 billion for machine
substitution for firms. A similar program was instituted in the Anhui province, which offered
approximately $86 billion to subsidize industrial upgrading for manufacturers, including the
purchase of robotics. Once again, regardless of whether these values are inflated, it remains a
significant investment in robotics innovation, and one that has led China to automate at a rapid
pace. Additionally, the Chinese government offers subsidies for robot purchases, with the average
subsidy amounting to 17.5 percent of the equipment’s cost.’?

In contrast, the United Kingdom, like the United States, has few incentives for the adoption of
automation or robots. Both nations have less-generous tax treatment of capital expenditures and
therefore exhibit lower levels of capital expenditures by manufacturers.”® It should be
unsurprising, then, that the United Kingdom has a robot density of 119 robots per 10,000
workers, a level that has been described as “very low for a Western European country.”’*
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POLICY RECOMMENDATIONS

There are an array of things Congress and the administration can and should do to support the
development and competitiveness of the U.S. robotics industry and the widespread adoption of
robotics. This section lists a number of policy proposals.

However, this section does not propose significant funding and tax incentives, despite the fact
that, without them, it will be more difficult to secure a strong U.S. competitive position. Ideally,
Congress would pass a machinery (including robotics) tax credit. Moreover, Congress would
ideally appropriate tens of billions of dollars for robotics development and production
domestically.

One reason for a more focused robotics policy is that scale and learning economies matter. For every
doubling of robotics adoption, robotics companies reduce costs and, just as importantly, improve
quality.

Ideally, Congress and the Trump administration would announce and support a national robotics
moonshot initiative. Robotics is an ideal candidate for a moonshot because successful
development requires advancement in a host of related technologies, including Al, machine
vision, batteries, touch sensing, speech recognition, and others. And while there are many
different kinds of robots for many different kinds of applications, one application that would be
an ideal candidate for a moon shot would be a household assistance robot. Such a robot could
help people, including the elderly, by doing tasks such as washing dishes, doing laundry,
cooking, and cleaning. A national moonshot to support research that would lead to fully
functionable and reasonably affordable home robots within a decade would be a truly
transformative action.

One reason for a more focused robotics policy is that scale and learning economies matter. For
every doubling of robotics adoption, robotics companies reduce costs and, just as importantly,
improve quality. This is particularly the case as more and more robots use Al, which relies on
data. As such, without more scale for U.S. robotics producers, it is possible, and perhaps even
likely, that the Chinese producers will attain an insurmountable advantage.

However, back to the real world of budget limitations and disinclinations of both parties to spend
on technology development and adoption, there are still an array of policies Congress and the
administration can take. These include seven major areas:

Better Data, Analytics, and Evidence
The United States government needs enhanced capabilities to better understand the robotics
industry nationally and internationally.

1. The Department of Commerce should establish a federal advisory committee to advise the
government on the needs of the robotics industry and how policy can build the U.S.
robotics industry. Members should be predominantly from industry, with some from
academia.

2. The Department of Commerce International Trade Administration should expand its focus on
robotics. This is a key emerging technology, and Commerce needs stronger analytical
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capabilities about the industry domestically and international challenges and
opportunities.

3. The U.S. Census Bureau should accelerate the timeline for releasing data from the Annual
Integrated Economic Survey (AIES), which provides comprehensive data regarding national
and subnational data on business activity, including data on robotics previously included
as part of the Annual Survey of Manufactures and Annual Capital Expenditures Survey.
The current timeline for releasing AIES data is nearly two years after collection, which
makes it difficult to track changes in a rapidly evolving industry.”®

Scientific and Engineering Research Support
4. Charge NSF with placing a higher priority on robotics research, especially research with
significant industry relevance. NSF should establish one or more new Industry-University
Research Partnership centers and engineering research centers for robotics.

OSTP should organize cross-agency efforts to advance Al use in edge networks, as the evolution of
robotics depends on robust use of Al in robotics.

5. NSF's Technology Innovation and Partnerships (TIP) program should select robotics for its next
major technology area for support. As ITIF has written, TIP was supposed to receive
significant funding under the CHIPS and Science Act to support translational and
industry-relevant research in 10 strategic technology areas.’® Lack of appropriations,
compounded by recent NSF budget cuts, has meant TIP has only funded two technology
areas, at only modest amounts. Congress should provide increased funding for a new TIP
research initiative focused on robotics. However, no funding should be forthcoming if
NSF reinstates the limitations it placed on in its prior National Robotics Initiative, which
supported research only on robotics technology that complements rather than replaces
workers. By limiting research funding in this way, NSF slowed the development of
robotics technologies that can significantly boost productivity. In addition, it is worth
noting that NSF’s National Robotics Initiative provides funding of between only $30
million and $50 million per year, a pittance when compared with what PRC governments
are spending.”’

6. The White House Office of Science and Technology Policy (0STP) should establish a cross-
cutting robotics research working group to coordinate and align all agency mission-oriented
research related to robotics. This could be similar to the National Nanotechnology
Initiative established in the 1990s. This is important because a variety of different
agencies support research into various components of the robotics research system. And
where agencies are underinvesting in robotics, such as the Department of Agriculture,
they should be instructed to invest a greater share of their portfolios in robotics.

7. OSTP should organize cross-agency efforts to advance Al use in edge networks, as the
evolution of robotics depends on robust use of Al in robotics.

Industry Support
8. The Department of Commerce’s Economic Development Administration should continue to
support the regional innovation hub program, especially the one in Southwestern
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Pennsylvania focused on robotics.”® As Commerce does this, and as the Office of
Management and Budget is considering funding requests, both should keep in mind that
China’s robotics hub is likely funded 20 to 40 times more generously. In addition, if
possible, TIP should fund at least one regional innovation “engine” focused on robotics.

9. Congress should increase funding for NIST’s Manufacturing USA program, including expanded
funding for the Advanced Robotics Manufacturing (ARM) center. ARM has completed over
120 advanced technology projects—including new tooling, sensors, and software—
related to robotics.

10.NIST should work with industry to coordinate data collection and sharing to support Al and
robotics. Unlike large language models, which train on a large corpus of publicly available
Internet data or licensed digital media, Al use in robotics is constrained by a lack of data.
There is limited data to teach robots how to move, grasp and manipulate objects,
understand directions, and recognize activity in different environments, such as
households, factories, and sidewalks. Computer scientist Hans Peter Brondmo has argued
that it will take deploying “many thousands, maybe even millions of robots doing stuff in
the real world” to collect enough data to train them to do more than generally well-
defined, narrow tasks.”® NIST should work with the robotics industry (including firms that
use robotics) to identify barriers to greater data collection and sharing as well as solutions
to these challenges.

Congress should increase funding for NIST’s Manufacturing USA program, including expanded funding
for the ARM center.

Adoption

11.Charge NIST’s Manufacturing Extension Partnership (MEP) with creating a new robotics
initiative that helps all centers better support SME manufacturers with adopting robots. As
noted, few SME manufacturers use robotics. This is because the return on investment
(ROI) does not meet hurdle rates, and also due to risk aversion and lack of both
knowledge of robotics capabilities and expertise in implementation. Some state MEPs are
exploring innovative ways to educate small manufacturers about the benefits of robotics.
For instance, South Dakota MEP’s Automation Lab in Sioux Falls mitigates risk in
acquiring new technologies by housing on-site cobots and providing a beta test
environment for specific applications. South Dakota’s MEP operates a state-wide
roadshow going into the field to demonstrate how rural manufacturers could effectively
deploy cobots. The MEP program should develop a coherent strategy across states to
educate U.S. small manufacturers on the benefits of robotics deployment and adoption.

12. Appropriate a modest amount of funds to NIST for a robotics best practices adoption award.
Under this, SME companies could apply to use robotics in innovative ways, with NIST
providing half the funding. As a condition of winning the award, a company would be
required to share its learning with any other U.S. companies or organizations interested in
learning about how the technology works and can be used. This is important because a
major barrier for firms adopting robots is uncertainty about whether and for whom such
an investment would pay off. Funding could be as little as $10 million per year.
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13. The National Economic Council (NEC) should task each major agency with identifying
application areas where robotics can assist in the completion of their missions. There is
precedent for this. In the last decade, the Department of Interior was quite forward on the
use of drones to accomplish its mission of managing federal lands.

That kind of approach should be used by all relevant agencies. For example, the
Department of Interior could examine the role of robotics in forest and land management.
The Department of Transportation could examine the role of robotics in road construction
and maintenance. The Department of Health and Human Services could examine the role
of robots in hospitals and other health care settings. The Department of Justice could
support the deployment of policing robots.®® Agencies such as the United States Postal
Service and Federal Bureau of Investigation could utilize robotics in their missions,
including warehouse operations. The Department of Homeland Security is an example of
an agency that has received significant funds in the Big Beautiful Bill for deployment of
technology to secure the borders, including from illegal drug traffic. Robotics could
potentially play a role in drug interdiction at the border.

Because of its size and large procurement budget, the Department of Defense will likely
play the largest role in purchasing robotics for the non-warfighter part of its mission.
Unfortunately, there is no robotics coordinating function for all of the department.
Purchasing and planning decisions are made in the services and at the decentralized
levels within the services. While this should not change, Defense should have a dedicated
assessment and coordinating role for departmental robotics use.

The National Institute of Standards and Technology should be charged with establishing an annual
Robot Award with two categories: 1) the most innovative new robotics technology developed in the
United States and 2) the most effective robotics application in the United States.

Federal agencies should also, where appropriate, work to support and encourage their
state and local government counterparts to adopt robotics. For example, some states’
departments of Transportation use robots for bridge inspections. The U.S. Department of
Transportation should identify and share these kinds of best practices with all state
transportation departments. Other agencies should do the same, where relevant.

As part of this, NEC should issue a request for information from industry, soliciting cases
where robotics could help achieve agency missions. Once these assessments are
completed, each agency should be tasked with identifying how their own procurement
could enable the increased adoption of robotics. It is important to note that this process
should be a win-win wherein agencies adopt new technologies that help them perform
their missions more effectively, ideally at a lower cost and with a lower head count, while
also supporting U.S. robotics development.

14.The National Institute of Standards and Technology should be charged with establishing an
annual Robot Award with two categories: 1) the most innovative new robotics technology
developed in the United States and 2) the most effective robotics application in the
United States. This is similar to what Japan has done with its annual “Robot Award.” The
award would serve two purposes: 1) send a signal to American society that robots and
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robotization is something to be welcomed, not feared, and 2) provide an incentive for
companies to innovate in the development and adoption of robotics, as gaining
recognition from such an award would likely boost the health of these companies.
Improved recognition could encourage additional R&D in robotics and boost adoption.
And it would send a clear signal that the nation prioritizes, rather than fears and
demonizes, robotics.

15.Refocus Small Business Association (SBA) loans and programs to help more U.S.
manufacturers finance new production technologies. Due to intense working capital
constraints, many small manufacturers are unable to make the up-front investments in
robotics technologies that could have positive ROl paybacks in as little as two years. But
SBA provides little support. In fact, according to one listing, of the top 40 industries in
terms of 7A loan guarantees, all were local-serving companies and none were
manufacturers that compete internationally.® That's why the administration should urge
SBA to focus its loan and loan guarantee programs more on U.S. manufacturers to help
them finance new production technologies, including robotics.

Regulatory Issues
16.The National Institute for Occupational Safety and Health (NIOSH) should work with

researchers, private companies, and government agencies responsible for setting workplace
standards to modernize standards for robotics use in industrial and other settings. Current
Occupational Safety and Health Administration (OSHA) standards limit facility managers
and robotics companies from developing new robotics systems and integrating them into
industrial settings.® NIOSH should develop new performance-based standards that
enable companies to safely experiment with robotics systems. NIST should also be
engaged in this process.3

Congress should boost the minimum wage and work to support President Trumps efforts to limit illegal
immigration. When the price of labor is high, the ROI from investing in labor-saving technology is
higher.

17.The White House should ensure that antitrust enforcers recognize the importance of scale in
enabling a globally competitive robetics industry. For example, it was a major error by the
Federal Trade Commission to reject Amazon’s proposed purchase of the U.S. firm
iRobot.®* Because the competitive position of iRobot was so weak, especially in light of
aggressive, government-subsidized competition from Chinese competitors, the firm may
now have to go out of business.® This is certainly not pro-consumer, and it is definitely
not pro-America, as it means the Chinese will take over the consumer robotics business.

18.Congress should boost the minimum wage and work to support President Trump’s efforts to
limit illegal immigration. When the price of labor is high, the ROI from investing in labor-
saving technology is higher. Often referred to as the “Webb effect,” the theory is that a
higher wage floor leads to higher levels of efficiency. Therefore, a reasonably set
minimum wage indexed to inflation helps make it more economical for organizations to
invest in robotics. The same is true with respect to low-wage immigration. Greater
numbers of low-wage workers reduce capital intensity, as it becomes easier for employers

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2025 PAGE 19



to substitute workers for machines.8 Congress has not raised the minimum wage since
2009. It should raise it to at least $12 an hour and index it to inflation.

19.As NEC works with agencies on robotics adoption, it should task them with assessing
regulatory barriers in the areas of focus for each agency. For example, the Department of
Housing and Urban Development could review how state and local building codes and
other regulations inhibit the use of robotics in construction.

Workforce
20.NSF’s Advanced Technical Education (ATE) program should establish a center focused on
technical training for robotics.®” ATE is a top-notch program that supports the creation of
leading-edge technical training institutes in emerging and foundational technologies.
These institutes also help other technical and community colleges around the nation
develop their own curriculums. ATE should fund at least one new center focused on
robotics technician training for building, repairing, and using robots.

21.Support workers displaced by robotics. Congress should overhaul federal policies related to
dislocated workers. ITIF has laid out a detailed, multipoint agenda for doing this.®

International Considerations
22.Limit Chinese robotics imports. As ITIF has documented, China is making rapid progress in

the development and adoption of robotics.®® The amount of government subsidies
involved is truly astounding. And unlike those for R&D, they also include general
subsidies that let Chinese robotics producers lower prices. While the PRC’s ability to
dominate global markets in robotics is not as advanced as it is in other industries, such
as solar panels, drones, and electric vehicles, it is rapidly increasing. In addition to
subsidies, some Chinese robotics firms benefit from [P theft.

Moreover, the widespread adoption of Chinese robots also poses potential national
security risks, as Chinese companies could be compelled to share data from, or allow
remote access to, these robots. One path for a ban would be for the U.S. Department of
Commerce’s Bureau of Industry and Security to develop a rule that restricts the import of
robots and related hardware and software linked to China. Overall, the Trump
administration should work to significantly limit, if not ban, Chinese robotics imports.

Chinese robotics producers are not competing on a level playing field. Many of the companies receive
significant subsidies from Chinese governments.

Some will argue that America, including American manufacturers and other users of
robots, benefit from cheap Chinese robotics. There are two problems with this logic. First,
that is true for virtually all intermediate goods from China. At some point, the U.S.
government needs to decide whether to go with short-term consumer welfare benefits or
long-term U.S. competitiveness, especially for strategic industries, including robotics.

Second, it would be one thing if Chinese robotics producers were competing on a level
playing field. But as ITIF showed in our Chinese robotics report, they are not.®® Many of
the companies receive significant subsidies from Chinese governments. There are also
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purchasing preferences for Chinese robotics enforced by the Chinese Communist Party
(CCP). And in some cases, Chinese firms have relied on stolen IP. A letter from the Select
Committee on the Chinese Communist Party to the Secretary of Defense states that
leading Chinese robotics maker Unitree:

has participated in military-civil fusion programs, received PRC state
funding... Unitree’s CEO Xingxing Wang appeared in a February 2025
closed-door CCP meeting with General Secretary Xi Jinping, seated in a
top-ranking position. The firm is heavily subsidized as one of Hangzhou's
“six little dragons,” while also being backed by the city’s $140 billion Sci-
Tech Fund and benefiting from its rapidly growing $21 billion robotics
sector. It operates from the Hangzhou High-Tech Zone—a designated
military-civil fusion hub—and has received multiple rounds of government
support, including critical emergency funding that “brlought] it back to
life” when facing collapse.®!

As such, it's time for the U.S. government to take a stand against the import of unfairly
produced Chinese strategic industry goods and services. It can start with robotics import
bans.

23.Work with other nations on joint robotics research initiatives. The United States has
strengths in certain areas of robotics, but other nations, especially Japan, South Korea,
Germany, and Switzerland, are stronger. As such, federal agencies involved in robotics
R&D should work to establish partnerships with any of these countries willing to engage
in reciprocal efforts.

CONCLUSION

Robotics promises to be one of the most important technologies for the next quarter century.
Robust innovation and widespread adoption across many sectors of the economy will be critical
for future prosperity as well as national power. While, eventually, most organizations will adopt
robotics as the technologies improve, that process can take a very long time—and in the
meantime, U.S. productivity and living standards will grow more slowly than otherwise would be
the case. While not having a national robotics strategy and policy would mean slower robotics
adoption it almost assuredly would mean limited, at best, U.S. robotics industry capabilities.
That would be extremely detrimental to U.S. power, as robotics is a key dual-use industry, not
only in weapons but also as a way to cost-efficiently and quickly make weapons. Moreover,
absent robust policy, China is almost surely going to lead in robotics, destroying in the crib (or at
least in “elementary school”) the U.S. robotics industry, creating even more technology
dependencies on China that will provide the PRC with even more leverage over America.

If the United States government wants to avoid losing in robotics to China, Congress will need to
act big and bold as it did with semiconductors and the CHIPS Act. This would mean
appropriating tens of billions of dollars for robotics adoption tax credits and robotics technology
development. But even without that, there are a host of less-expensive policies detailed herein
that should be adopted as soon as possible.
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