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Senator Young (IN), my host; Senator Ernst (IA), Chair of the Committee, Ranking Member,
and distinguished Members of the Committee: Thank you for the opportunity to testify as
the Committee commemorates America’s 250th anniversary and, more importantly, looks
ahead to the next 250 years of American innovation and entrepreneurship. This is an honor
for me, my family, my team, and my sponsors. We share this vision at this juncture of

celebrating the past and aspiring to the future.
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“Control of space means control of the world.”

Lyndon B. Johnson in January 1958, as Senate Majority Leader and chairman of the Preparedness
Investigating Subcommittee of the Senate Armed Services Committee (a formal statement
concluding the landmark post-Sputnik inquiry into U.S. national defense and space capabilities).
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“Industry Above”
America’s Next Industrial Frontier: Building the Industrial Base in Space

For 250 years, America’s strength has been inseparable from its ability to invent,
manufacture, scale, and commercialize. From interchangeable parts and mass
production to aviation, to semiconductor devices- chips- circuits, computing, and the
Internet, to spaceflight, American manufacturing has repeatedly transformed scientific and
engineering discoveries and innovations into economic prosperity and national security.

Today, we stand at another such inflection point. The next great industrial domain is space.
My central message to the Committee is simple:

If America wants to lead in space, America must learn not only how to go to space, but
how to make, maintain, service, repair, upgrade, compute, operate, inhabit, and
ultimately sustain itself in space as part of a desired space industrial base. This is to
secure trillions of dollars of nhew commerce and the highest and most contested
advantage point to defend our nation and space-based physical and digital assets.

This requires an American industrial base in space, one that complements our terrestrial
industrial base and strengthens U.S. commerce, defense, exploration, and national
resilience. Small businesses and deep-technology startups, a secret proven weapon of
America, will be essential to building the base in space to outsmart, outpace, and
outcompete our adversaries.

I. From Space 1.0 to Space 2.0: America's first space era, which | call Space 1.0, was
defined primarily by exploration, access, and discovery. The United States demonstrated
extraordinary capabilities: launching humans into space, landing astronauts on the Moon,
building the International Space Station (ISS), developing global communications and
navigation systems, exploring the solar system, and creating a vibrant commercial launch
and satellite economy.

These accomplishments were enabled by generations of American scientists, engineers,
manufacturers, entrepreneurs, workers, universities, government laboratories, and
companies. | am proud to say that Purdue University, the state of Indiana (where
manufacturing GDP is 26%), and the Midwest contributed a lion's share to this era through
astronauts*, industrial innovations, and the skilled workforce that made the country’s giant
leaps in space possible.

* Neil Armstrong: First person to walk on the moon (Apollo 11). Gene Cernan: Most recent astronaut to walk on
the moon (Apollo 17). Gus Grissom: Second American in space and Mercury/Gemini/Apollo pilot. Jerry Ross:
First person to fly seven space missions and complete nine spacewalks. Beth Moses: First female commercial
astronaut and Chief Astronaut Instructor for Virgin Galactic.

But the next era of the next 250 years must go further. We must migrate and inhabit a few
hundred miles above and beyond the surface of the Earth, just like we migrated across and
inhabited this great nation in the past 250 years from the East to the West Coast of America.

The Space 2.0 era must evolve from accessing and exploring space toward operating,
manufacturing, and sustaining an industrial economy in space.
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Today, virtually everything required for a spacecraft, satellite, space station, or lunar
operation is manufactured on Earth. These materials are launched through Earth's gravity as
well and are expected to function with limited opportunities for repair, replacement, or
modernization.

Imagine if we operated our terrestrial economy this way, shipping every replacement
component thousands of miles from one factory and throwing away an entire system when
one critical component failed.

While Space 1.0 delivered monumental achievements, it also operates under severe
physical and economic constraints:

1. The Gravity Well Tax: Launching materials from Earth requires structures to
withstand brutal G-forces, acoustic vibration, and thermal shock during launch,
forcing engineers to build heavy, over-engineered hardware.

2. Volumetric Limitations: Payloads are strictly limited by rocket fairing dimensions,
capping the physical scale of antennas, solar arrays, and structural trusses.

3. High Capital Costs: Discarding hardware after single-use deployments creates
extreme cost barriers for commercial deployment.

The existing model will not support a permanent space economy.

Space 1.0 proved that humans can visit space. Space 2.0, powered by In-Space Servicing,
Assembly, and Manufacturing (ISAM), will enable humans to stay, build, and thrive in space.
Anindustrial base in space will increasingly require capabilities to manufacture at the point
of need: producing components, electronics, structures, sensors, replacement parts, and
eventually sophisticated systems where and when they are needed.

This is the promise of in-space manufacturing for an in-space industrial base.

Il. In-Space Manufacturing, Making What We Need Where We Need It: In-space
manufacturing is more than putting a 3D printer aboard a spacecraft or the ISS.

It is the Convergent Manufacturing key delivering convergence of advanced manufacturing,
materials science, robotics, artificial intelligence, autonomy, sensing, digital twins for virtual
presence on Earth for the ISM factories in space, computing, and space systems to create a
distributed manufacturing infrastructure beyond Earth. This in-space infrastructure will
eventually support three interconnected missions:

Manufacturing in space, for space, and for Earth.
Manufacturing in space takes advantage of unique environments like microgravity, widely

varying temperatures, and clean vacuum to produce materials, deliver processes, and
create new products that are difficult or impossible to manufacture terrestrially.

Manufacturing for space enables satellites, stations, vehicles, data centers, lunar
infrastructure, and other systems to be manufactured, serviced, repaired, upgraded, and
sustained at the point of need.

Manufacturing for Earth may eventually allow unique space-manufactured materials,
pharmaceuticals, electronics, biological products, helium-3 and other precious materials
mining, and other high-value technologies to return economic value to terrestrial markets.
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Among the most strategically important opportunities is the future ability to manufacture,
assemble, repair, and ultimately recycle semiconductors, microelectronics, and hybrid
electronics in space.

Semiconductors are foundational to nearly every advanced capability America depends
upon. In space, electronics enable communications, sensing, navigation, autonomous
mobility, artificial intelligence (Al), cyber infrastructure, electronic warfare, scientific
instruments, robotics, and increasingly space-based computing and data centers. If
humans must go to space, digits, devices, electronics, and semiconductors will have to go
in space. As compute moves closer to where space data are generated, the ability to
manufacture, repair, reconfigure, and upgrade electronics in space could become
strategically significant dual purpose for commerce and defense.

A satellite should not necessarily become obsolete because one electronic subsystem fails.
A lunar installation should not have to wait months for a replacement circuit from Earth. A
future space-based data center should ultimately be capable of upgrading portions of its
computing infrastructure without replacing the entire platform.

That is the transformation from logistics-dependent space systems to resilient,
maintainable, and increasingly self-sustaining space infrastructure.

lll. Small Deep-Tech Businesses as America's Technology-Transition Engine: My
perspective comes from working at the intersection of academia, government-sponsored
research, manufacturing, and entrepreneurship. | have over 30 years of academic
experience and over 20 years of entrepreneurship experience inventing nano-manufactured
materials and processes and transitioning these deep-tech breakthroughs to commercially
successful industrial products. For my nano-manufacturing business, an SBIR/STTR
provided early-stage, high-risk, and fast-action capital.

My journey in the space industry started as the co-pioneer of a “BlueSky” concept (with my
son), called Factories-in-Space, in 2018. Prior to this, in the 1990s, | worked on the
foundations of electronic packaging and integration for the concept of a spacecraft
functions-in-a-package.

At Purdue University, the Center for In-Space Manufacturing (CISM), within the
Manufacturing and Materials Research Laboratories (MMRL), the first of its kind in the nation,
is developing the science, engineering, workforce, and technology foundations necessary
for future in-space manufacturing.

Atthe advice of project sponsors for tech transition, Arkwright Space was founded as a deep-
technology company partly to provide a pathway for translating such emerging technologies
from research into operational and commercial capabilities. Its technology foundations are
connected to research and roadmapping supported through programs involving NIST; the
SSTI-U.S. Space Force; InSPA-NASA; NextFlex, DoW-sponsored Manufacturing USA;
strengthening the industrial base by creating a collaborative environment; and other
sponsoring organizations.

As the co-founder and CEO of Arkwrightspace, | see firsthand both the extraordinary
opportunity for America’s primacy in space and the difficult transition that deep-technology
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small businesses face. Arkwright Space focuses on in-space manufacturing (ISM) and
autonomy, especially for electronics and semiconductors, at the operational edge. In the
early stages of incubation, founders funded Arkwright. Currently, Arkwright has major
proposals pending under the CRDO Broad Agency Announcement (BAA) and the 2026-27
NASA SBIR. Arkwright is pursuing collaborations and opportunities across America's
emerging space ecosystem, including interactions with major organizations such as
Northrop Grumman for the future of Space Logistics, Intel for domestically manufactured
leading-edge chips key for ISM and national security and competitiveness, Starlab for
integration in a private space station, Voyager Technologies as implementation partner, and
NASA's Johnson Space Center.

This illustrates an important point for Congress.

Small businesses do not need to replace America's large aerospace companies,
universities, or government laboratories. They need pathways to connect them so they
can outsmart, outpace, and outcompete international adversaries and secure
America’s supremacy in space.

The American innovation ecosystem is strongest when universities create knowledge,
government invests in high-risk foundational science, engineering and mission needs, small
businesses move rapidly to prototype and demonstrate technologies, and, in collaboration,
larger industrial partners provide pathways toward qualification, scale, integration, and
deployment and provide business.

Yet one of America's greatest vulnerabilities remains the so-called “valley of death”
between invention and deployment, and there are many such valleys for deep tech
innovations.

Deep-tech space companies face particularly challenging barriers as the necessary
hardware is capital-intensive; the qualification is rigorous; access to relevant space
environments is scarce; development cycles are long; and government procurement
mechanisms can move more slowly than the technologies they are intended to acquire.

America therefore requires more than mere inventions. We need a better technology-
transition engine fueled by risk capital and delivered by speed.

IV. Industrial Capacity in Space Is a National Security Capability: Space is becoming
more congested, contested, competitive, and strategically important. Space is the highest
ground when it comes to defense.

China and Russia recognize this reality. Other nations are rapidly building space capabilities,
while America's allies and partners are also investing aggressively in commercial and
national space infrastructure.

America must compete vigorously using our secret weapon: small start-up tech businesses
that can out-innovate, out-pace, and out-maneuver our foreign adversaries.

The objective should not simply be “primacy” measured by the number of satellites
launched. Primacy means having the ability to establish the technical standards,
commercial norms, supply networks, architectures, process knowledge, and
operational practices upon which others depend. The nation that develops dominance in
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the in-space industrial ecosystem will have disproportionate influence over access,
interoperability, pricing, security, and the rules governing future space activity. America must
shape the architecture of this industry before others do.

Consider a future conflict in which access to terrestrial supply chains or launch services
becomes constrained. Could critical American space infrastructure be repaired or
reconfigured in orbit justin time? Consider a major solar event, debris cascade, cyberattack,
or other systemic disruption. Could our space architecture recover? And consider a rare but
potentially catastrophic natural threat such as an asteroid on a dangerous trajectory toward
Earth. Humanity's ability to respond could depend on rapidly deploying, modifying,
assembling, and sustaining sophisticated systems beyond Earth.

In these scenarios, manufacturing is not simply an economic capability.

Manufacturing becomes resilience. Manufacturing becomes deterrence.
Manufacturing becomes national security.

V. Three Recommendations for Congress: As Congress considers America's next 250 years,
I respectfully recommend focusing on three interconnected priorities.

1. Establish a National In-Space Manufacturing Science and Engineering Initiative and
Talent Pool- America needs a coordinated, long-term national effort in the fundamental
science and engineering of manufacturing beyond Earth.

This should integrate expertise across NASA, the Department of War (DoW), the Department
of Commerce and NIST, the National Science Foundation (NSF), the Department of Energy
(DoE), universities, national laboratories, and related industries.

Priority deep-tech research with very large-scale academic and industrial funding should
include science and engineering of manufacturing in microgravity and vacuum; CHIPS in
Space- semiconductor and electronics manufacturing in space; additive and convergent
manufacturing; advanced materials; autonomous robotics; artificial intelligence; digital
twins; in-situ space utilization; inspection and metrology; recycling and circular
manufacturing; and resilient cyber-physical manufacturing systems at the point-of-need.

The White House could issue an Executive Order on In-Space Manufacturing and/or create a
Subcommittee at the White House National Science and Technology Council.

Also, to accelerate coordination and investment between public and private sectors,
NIST could fund a Manufacturing USA In-Space Manufacturing Institute.

Recent innovations over the past 250 years, such as the internet and software, are integral
to every discipline and daily life; innovations over the next 250 years, including space and
space-based assets and an industrial ecosystem, will be part of our daily life. To achieve this,
we need a skilled talent pool and the engine to cultivate it. New programs, suggested by an
astrophysicist and accomplished secondary math educator (my spouse), such as a “Space
Academy” in every school across America, can inspire and help build the next generation of
talent. Also, as a first-generation immigrant from India in 1992, | am an advocate for
attracting ambitious talent from across the world, as this could strengthen our talent
pipeline.
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The broad goal is ambitious:

Give America the scientific and technological foundations to manufacture increasingly
complex systems in space rather than relying on launching every finished product from
Earth.

2. Build a Space Manufacturing Technology-Transition Pipeline and Access to Capital-
Research alone will not create an industrial base.

Congress should strengthen pathways that deliberately move technologies from laboratory
to relevant environment to flight demonstration and operational deployment for
commercial scale.

For small businesses, access to relevant environments is particularly important. Shared
national infrastructure should provide affordable access to ground-based simulation,
suborbital flights and platforms, the International Space Station (ISS) and future commercial
stations, free-flyers, lunar demonstrations, and eventually cislunar platforms.

Programs should also create incentives and drivers to strengthen bridges among small
businesses and SBIR/STTR, NASA, NIST, NSF, the DOW, Tier 1 primes, commercial station
providers, and private capital, including economic investment incentives and partnerships
with state economic development agencies. Arkwright’s strong collaboration with Northrop-
Grumman prime is an example.

For deep-tech small businesses, access to risky, fast-action Capitalis critical for nucleation,
incubation, growth, and the opportunity to deliver disproportionately high returns. The
metric should not simply be the size and the number of grants awarded. The metric should
increasingly become how many deep technologies cross the valley of death and become
new operational American capabilities and businesses. For example, the Department of
Commerce just launched a new Office of Space Commerce. This Office should have the
necessary resources to fund startups and other U.S. commercial space activities.

3. Create an American Space Industrial Base Strategy Centered on Small Business-
Finally, America should explicitly recognize in-space manufacturing, operations, and
sustainment as a strategic industrial-base capability.

Congress can help establish a long-range roadmap connecting manufacturing, logistics and
supply chain, servicing, computing, communications, energy, robotics, and resource
utilization across low-Earth orbit, cislunar space, and eventually the lunar surface and
beyond. Small businesses should be deliberately integrated into this architecture through
faster contracting, flight-demonstration opportunities, public-private partnerships, and
procurement mechanisms that reward transition and scale. The objective is not a
government-owned space economy, but a predominantly American commercial
ecosystem with sufficient scale, resilience, and surge capacity to support national
needs during crisis or conflict. America should also work closely with trusted allies to
create interoperable supply chains, standards, and markets while protecting critical
technologies and maintaining U.S. leadership.
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VI. The Next 250 Years

Two hundred and fifty years ago, America's founders could not have imagined
semiconductor fabrication, artificialintelligence, reusable rockets, or manufacturing in orbit.

But they understood something more important: a nation's future depends upon its ability to
create institutions in which ingenuity, enterprise, science, engineering, and individual
initiative can flourish through commerce and security.

America's industrial history demonstrates what happens when we combine those qualities.
We transformed workshops into factories. We transformed factories into mass-production
systems. We transformed physics of devices and electronics into semiconductors, fabs, and
computers. We transformed aviation into spaceflight.

Our next transformation can be from spaceflight to establishing a sustainable space
industrial economy. For the first 250 years, much of America's industrial power was defined
by what we could manufacture on Earth. During the next 250 years, part of America's
industrial power will be defined by what we can manufacture beyond Earth. The nations that
learn to manufacture, service, repair, compute, build, and sustain themselves in space will
help shape the economic and security architecture of the coming centuries.

America has all the ingredients to lead: world-class universities and national laboratories,
entrepreneurial small businesses, sophisticated manufacturers, a vibrant commercial
space sector, deep capital markets, and an extraordinary workforce. These strengths are
complemented by government institutions capable of pursuing bold national missions
beyond the horizon of any individual company.

The challenge before us is to connect these ingredients into an enduring industrial
ecosystem and do it fast, as time is not on our side. If competitors establish manufacturing
infrastructure, logistics networks, resource-processing capabilities, or proprietary
standards first, the United States may eventually find itself operating within an ecosystem
designed by others. This is a contest over the imminent future: decisions and investments
made during the next several years may shape the space economy for generations.

Space 1.0 taught America how to reach space and explore it.

Space 2.0 must enable America to operate, build, manufacture, sustain, and prosper
there.

And just as small manufacturers and entrepreneurs helped build the American industrial
base of the past 250 years, America's deep-tech small businesses can help build the
industrial base that will carry this nation into the next 250 years. The next 250 years offer
many possible futures, from one that extends America’s extraordinary industrial leadership
beyond Earth to one in which we surrender that leadership, and our national aspiration must
be to deliberately build the positive future in which America continues to lead, innovate,
manufacture, and prosper. The opportunity for American primacy in industrial space base is
larger than any one company, university, agency, or generation. It is an opportunity to build
an American industrial base in space, for space, and for Earth, advancing commerce,
strengthening national defense, expanding human exploration, and helping secure
America's leadership in the next great industrial frontier.
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Thank you for the opportunity to testify before the Committee and for your commitment to
America's small businesses, innovators, manufacturers, and entrepreneurs.
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