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NASA to launch 'Space Reactor-1 Freedom' in
2028 for deep space propulsion and lunar power
demonstration.

SpaceX launches 'Starfall' capsules for
commercial microgravity manufacturing of
semiconductors, fibers, and pharma.

ISS crew advances microgravity research on
cartilage regeneration and digestive system for
Earth and space health.

DNP and ElevationSpace partner for LEO material
testing and retrieval services, strengthening
space supply chain.

Axiom, Starcloud, SpaceX accelerate orbital data
center development, aiming to redefine cloud
computing by 2035.

LambdaVision partners with Vast to advance
space-based manufacturing of artificial retinas on
commercial stations.

NASA plans first permanent human lunar outpost
at Moon's South Pole, a stepping stone for Mars
exploration.

NASA to launch Artemis III next year, testing
commercial lunar lander in Earth orbit before
2028 Moon landing.

ISS crew advances microgravity manufacturing of
cartilage tissue and advanced materials for Earth
applications.

LMA Consulting: SpaceX's low-cost launches
make high-value in-space manufacturing
economically viable.

SpaceX Starlink network poised to transform
cloud computing with space-based Al
infrastructure for remote connectivity.

Varda Space Industries raises $329M, leading
space manufacturing with microgravity platforms
and re-entry capsules.

Auburn University and NASA demonstrate direct
in-space manufacturing of electronic components
in microgravity.

US targets 100kW lunar nuclear reactor by 2030,
countering China-Russia plan, with NASA's SR-1
Freedom launching 2028.

TechRadar: Space evolves into next network
edge, resolving Earth observation data
bottlenecks with on-orbit processing.

Toyoda Gosei invests in ElevationSpace for
heat-resistant small satellites and high-frequency
payload return.

ElevationSpace secures $40M from DNP and
Toyoda Gosei for satellite re-entry tech, targeting
2029 ISS demo.

Vast expands microgravity research and
manufacturing network on Haven-1, advancing
stem cell science and bioprinting.

China and Russia plan lunar nuclear power plant
by 2036, a different strategy for permanent lunar
presence.

Spacelndustry Weekly Intelligence Report | 2026-06-27 | Page 2



. X Tech Market Market Data US/EU
# Article Title Type . - Summar
.- LI ] e FELEIRY Relevance

#32

#33

#34

#35

#36

Vanderbilt Rad-Hard
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Space Tech
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Optical Comm
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J.P. Morgan Space
Economy
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Research
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New
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Market
Overview
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Vanderbilt develops radiation-hardened
wide-bandgap power devices for space data
centers with DARPA grant.

European analysis: Space tech (composites,
alloys, AM) drives innovation in terrestrial
manufacturing.

Space optical communication dramatically
improves SAR data transmission and enables
space-based Al data centers.

Premier Graphene enters space market with
biomass-derived graphene for high-performance,
radiation-resistant materials.

J.P. Morgan predicts reusable rockets and lower
LEO costs will expand space economy, driving
SBSP and defense spending.

Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

@ Is your R&D; roadmap ready for orbital Al infrastructure?

The shift to space-based data centers promises 8x solar power and vacuum cooling, but demands
radiation-hardened devices and advanced thermal management. Are your Al hardware and software teams
prepared to design for this extreme environment, or risk being left behind by competitors like SpaceX and
Starcloud?

® How will the UK's new regulatory pathway for space-manufactured medicines impact your
pharma pipeline?
The UK has established the world's first regulatory framework for space-produced drugs. This could accelerate

commercialization for companies like Varda Space Industries and Redwire. Have your legal, R&D;, and business
development teams assessed the implications for drug development, IP, and market entry strategies?

© Is your supply chain exposed to the escalating US-China/Russia lunar power race?

The US aims for a 100kW lunar reactor by 2030, while China/Russia target a nuclear base by 2036. This
geopolitical competition for sustainable lunar power will drive demand for specialized components and
materials. Have you identified critical suppliers and assessed risks or opportunities in this rapidly militarizing
domain?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies
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® OrbAI Critical New compute market Lag in infra
® InSpaceM Critical High-value products Intense competition
® LunarP Critical Lead exploration Geo-political loss
® LogistX Opp. Enabling services Integrated players
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® Mats Opp. New material sales Tech obsolescence

® Regs Opp. Shape standards Miss market entry
® ElecMfg Opp. Autonomous repair Depend on Earth
® Economy Ref. Market expansion Slow adaptation
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I Deep Dive @ — UK Pioneers Regulatory Path for Space Meds

#08 | 2026/06/25 | MedRegs | Tech Novelty® ® ® ® O Proximity® ® ® ® ® Market Impact® @ ® ® ® Data

Reliability® ® ® ® O US/EU Relevancceo ® ® ® ®

The UK's MHRA and Space Agency have published the world's first regulatory pathway for medicines
manufactured in space. This landmark framework provides crucial guidelines for in-orbit pharmaceutical

production, accelerating commercialization.

Microgravity enables superior drug formulations and purer protein crystals, as demonstrated by nearly 500
ISS biopharma experiments. This regulatory clarity is expected to foster investment and innovation in

space-based drug development.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The UK's proactive regulatory stance is a significant enabler,
potentially setting a global precedent. While the technical benefits of microgravity for drug
crystallization are proven, the challenge lies in scaling production and ensuring
cost-effectiveness for terrestrial markets. [Opportunity] for US/EU pharma companies to
engage with UK regulators, establish early IP, and develop new drug pipelines. [Threat] for
those who delay, risking competitive disadvantage and being locked out of a nascent,
high-value market. Next actions: [Legal/IP] immediately review the UK framework; [R&D;]
assess microgravity manufacturing for existing and pipeline drugs; [Business Dev] explore
partnerships with space manufacturing platforms.

I Deep Dive @ — NASA's Nuclear Leap for Deep Space

#13 | 2026/06/25 | NASA | Tech Novelty® ® ® ® O Proximity® @ ® OO Market Impact® ® ® ® ® Data Reliabilitye ® @ @ O
US/EU Relevancco o ® @ @

NASA plans to launch 'Space Reactor-1 Freedom' in late 2028, the first spacecraft to use a nuclear fission
reactor for propulsion beyond Earth orbit. This mission aims to demonstrate US nuclear power capabilities in
space.

SR-1 Freedom will validate fission surface power for lunar bases and enable faster, longer deep space
missions, including crewed Mars exploration. It builds on the SNAP program legacy, emphasizing safety and

remote operation.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: NASA's SR-1 Freedom is a critical step in the escalating lunar
power race, directly countering China/Russia's ambitions. The published timeline (2028 launch)
appears realistic given the long development cycles for nuclear tech. Technical barriers include
radiation hardening, long-term reliability in extreme environments, and public perception.
[Opportunity] for US/EU materials suppliers, component manufacturers, and energy firms to
contribute to next-gen nuclear space systems. [Threat] for those not investing in space
nuclear, as it's foundational for sustained lunar/Mars presence and deep space propulsion. Next
actions: [R&D;] invest in radiation-hardened components and advanced thermal management;
[Strategy] assess long-term energy needs for space missions and potential terrestrial spin-offs;
[Business Dev] seek partnerships with NASA and prime contractors.
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I Deep Dive ® — Optical Comms Revolutionize Space Data

#34 | 2026/06/22 | Capella Space | Tech Novelty® ® ® ® O Proximity® ® ® ® O Market Impact® ® ® ® O Data
Reliability® ® ® ® O US/EU Relevancco ® ® ® ®

Optical communication technologies in space are dramatically reducing SAR data transmission latency and
accelerating space-based Al data centers. Capella Space's Acadia-10 demonstrated near real-time SAR data
delivery.

Standardization of inter-satellite optical links (ISL) is progressing, with SpaceX and Amazon building optical
communication backbone networks. This enables high-bandwidth, secure data transfer for global AI services.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The demonstrated capabilities of optical communication are
transformative, addressing a major bottleneck for Earth observation and enabling distributed
Al compute in space. The technology is rapidly maturing, with commercial deployments
already underway. [Opportunity] for US/EU photonics companies, network infrastructure
providers, and Al/cloud service providers to integrate with or develop orbital optical
communication solutions. [Threat] for traditional RF communication providers and those reliant
on terrestrial data processing, as they risk being outcompeted on speed, bandwidth, and
resilience. Next actions: [R&D;] accelerate development of space-grade optical components
and laser systems; [Strategy] evaluate integration of space-based optical networks into
existing cloud infrastructure; [Business Dev] explore partnerships with satellite operators and
Al data center developers.

I Other Notable Articles

Varda Space Industries Demonstrates Biopharma Production Capability via Microgravity Crystallization Using HIV Drug Ritonavir (TipRanks)
Tech Novelty® ® @ ® O Proximity® @ ® ® O Market Impact® @ @ @ O

Varda's demo with Ritonavir validates microgravity crystallization for scalable biopharma production,

signaling a new market.

Space Data Centers Poised to Revolutionize AI Infrastructure with 8x Terrestrial Power Generation and Vacuum Cooling (IEEE Computer Society)

Tech Novelty® ® ® ® O Proximity® ® OOO Market Impacte ® ® @ O
Space data centers offer massive power and cooling advantages for AI, but radiation and maintenance
remain key hurdles.

FEEOS T, 20365 F CICAACRFHRET S > NEKZTE @ KEArtemisi Tl & B2 DEAAMEMEEL (YouTube (What If))
Tech Novelty® ® @ ® O Proximity® @ OOO Market Impacte ® @ ® ®

China/Russia's lunar nuclear power plan by 2036 intensifies the geopolitical race for sustained lunar

presence, challenging US strategy.

VCU and NASA Develop Flexible Boron Nitride-Based Radiation-Resistant Coating to Protect Artemis Astronauts (VCU News - Virginia Commonwealth
University)

Tech Novelty® ® ® ® O Proximity ® @ OO O Market Impact®e @ @ OO

Flexible boron nitride coating is a critical enabler for astronaut safety and long-duration deep space missions.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

I Immediate (this week)

e [Strategy] Assess competitive landscape in space-based Al/data centers and microgravity
manufacturing, identifying key players.

¢ [Legal/IP] Review UK's new regulatory pathway for space-manufactured medicines and its
implications for IP and market entry.

e [Procurement] Identify critical components and suppliers for lunar power systems and
radiation-hardened electronics, assessing supply chain exposure.

| Short-term (1 month)

¢ [R&D;] Initiate internal study on radiation-hardened materials and advanced thermal management for
space-grade electronics and Al hardware.

e [Business Dev] Explore potential partnerships with space logistics providers (e.g., ElevationSpace,
Varda) for in-space manufacturing access.

¢ [Executive] Develop a position paper on the geopolitical implications of the lunar power race and its
impact on long-term corporate strategy.

| Medium-long term (quarter+)

e [R&D;] Establish dedicated teams or programs for space-designed materials, pharmaceuticals, or
electronic components, leveraging microgravity benefits.

e [Strategy] Evaluate potential for new business units, M&A;, or significant investments in orbital
computing infrastructure or in-space manufacturing capabilities.

¢ [Procurement] Diversify supply chains for critical space-grade materials and services to mitigate
geopolitical risks and ensure access to advanced technologies.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-06-27
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#01 Interstellar Technologies Secures $47.24M from
Japan SBIR, Establishes New Rocket Production Hub in
Tohoku

Published June 18, 2026 Interstellar Technologies Inc.  Japan

| overview

Japanese private space transport company Interstellar Technologies has secured
$47.24 million from Japan's SBIR program and passed a key stage gate in JAXA's
Space Strategic Fund program. Concurrently, the company raised ¥20.1 billion ($129.7
million) in its Series F funding round, announcing a new Tohoku facility to scale
"ZERO" rocket manufacturing. This significant capital injection and expansion
underscore the maturation of Japan's space startup ecosystem and its drive towards

competitive, privately-led space development.



| N DEPTH

Key Findings

Interstellar Technologies, a Japanese private space transport company, has significantly
bolstered its financial and operational capabilities by securing $47.24 million from
Japan's SBIR program and successfully passing a critical stage gate in JAXA's Space
Strategic Fund program. This was complemented by a ¥20.1 billion (approximately
$129.7 million) Series F funding round, which will fund the establishment of a new
manufacturing facility in the Tohoku region to ramp up production of its "ZERO" launch

vehicle.

Technical and Business Details

The SBIR (Small Business Innovation Research) program funding reflects strong
government confidence in Interstellar Technologies' innovative capabilities and future
prospects. Passing the JAXA Space Strategic Fund program's stage gate signifies that the
company's rocket development aligns with national strategic objectives and has

demonstrated technical and business viability.

The "ZERO" rocket is Interstellar Technologies' flagship product, designed to provide
low-cost, reliable launch services for small satellites. The recent funding and new facility
are crucial for establishing a mass production system for the "ZERO" rocket, enabling the
company to meet future launch demands. The new Tohoku factory is expected to play a
vital role in streamlining manufacturing processes and further reducing launch costs,

enhancing the company's competitive edge in the global market.

Background and Industry Context

The burgeoning small satellite market has driven increasing demand for flexible and
cost-effective launch services. Interstellar Technologies has positioned itself to address
this need through proprietary technology development and strategic business initiatives.
This announcement highlights the growing prominence of private companies within
Japan's space industry, with growth accelerated by synergistic collaborations with

government agencies.



Globally, private enterprises like SpaceX are spearheading innovation in the space sector.
Japan is actively supporting its own startups to remain competitive, and Interstellar
Technologies' advancements represent a significant step for the nation's space industry
to strengthen its international standing and play a substantial role in the global space

transport market.

Strategic Significance and Outlook

With this new capital and manufacturing infrastructure, Interstellar Technologies aims to
accelerate the development and mass production of the "ZERO" rocket, leading to the
initiation of commercial launch services. This initiative is expected to elevate the profile
of Japanese space startups on the international stage and contribute to the creation of
new space utilization businesses. The company's forthcoming launch successes and its
ability to deliver low-cost, high-frequency transport services will be pivotal for the

broader development of the space industry.

Source: https://www.istellartech.com/en

Collected: June 26, 2026 | Automated Research System (Gemini API)
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#02 NASA's Artemis Program Targets Multiple Missions
Post-2027 for Lunar Base Construction by 2032

Published June 18, 2026 ShareAmerica USA

| overview

NASA's Artemis program outlines an ambitious plan to establish a human lunar
outpost by 2032, with Artemis Il scheduled for 2027 and Artemis IV in 2028 to
achieve sustained lunar presence. These missions will deploy robotic spacecraft for
site surveys and logistics, alongside uncrewed missions to practice lunar living and
operational skills. The program leverages public-private partnerships and
international collaboration to build the first human-rated lunar base, serving as a

critical stepping stone for deep space exploration.



| N DEPTH

Key Findings

NASA's Artemis program is setting an ambitious course to construct a human lunar base
by 2032, with a detailed roadmap of missions planned to achieve this objective. Key
milestones include the launch of Artemis Ill in 2027 and Artemis IV in 2028, which are
designed to establish sustained human presence on the Moon. This initiative aims to
create the first human-rated lunar outpost, serving as a vital foundation for future deep

space exploration.

Technical and Clinical Details

The Artemis program employs a phased approach, beginning with initial uncrewed
missions to conduct essential technology demonstrations and environmental surveys.
This encompasses precise mapping of potential lunar base sites and validating logistical
capabilities for cargo transport. To support long-duration human habitation,
autonomous robotic operations and simulation missions will be performed to equip
astronauts with the necessary skills for living and working on the Moon. Resource
prospecting, including water ice and Helium-3, is also a crucial component. Furthermore,
development of lunar fission power systems is underway, aimed at providing stable,

long-term energy for the outpost.

Background and Industry Context

The Artemis program extends beyond merely repeating lunar landings; its overarching
goal is to construct infrastructure on the Moon to serve as a stepping stone for future
Mars missions. This initiative is pivotal in re-establishing U.S. leadership in space
exploration, driven by extensive public-private partnerships and international
cooperation. Private sector entities like Boeing, Lockheed Martin, and SpaceX are playing
significant roles, complemented by contributions from international space agencies. The
strategic importance of Artemis has been heightened by announcements from China and
Russia regarding their plans for a nuclear-powered lunar base by 2036, intensifying the

global space race.



Strategic Significance and Outlook

The Artemis program is poised to facilitate a sustainable human presence on the Moon,
unlocking new avenues for scientific discovery and economic opportunities. The
construction of a lunar base represents a critical step for fundamental scientific research,
resource extraction, and ultimately, the long-term goal of human settlement on Mars.
While technical challenges persist, the reinforced collaboration between space agencies
and commercial partners is expected to overcome these hurdles, driving growth across
the entire space industry. Lunar-based deep space exploration holds the potential to

profoundly reshape the future of humanity.

Source: https://share.america.gov/what-lies-ahead-for-artemis-and-moon/

Collected: June 26, 2026 | Automated Research System (Gemini API)


https://share.america.gov/what-lies-ahead-for-artemis-and-moon/

#03 Space Data Centers Poised to Revolutionize Al
Infrastructure with 8x Terrestrial Power Generation and
Vacuum Cooling

Published June 18, 2026  IEEE Computer Society =~ USA

| overview

Space-based data centers offer a transformative solution for escalating Al
infrastructure demands, potentially generating up to eight times more power from
solar energy than terrestrial counterparts. The vacuum of space provides an infinite
heatsink, eliminating the need for large cooling towers and significantly improving
operational efficiency. However, challenges such as radiation damage to electronics,
extreme temperature fluctuations, space debris, and complex maintenance remain

critical hurdles to overcome.



| N DEPTH

Key Findings

The potential for space-based data centers is rapidly increasing as a groundbreaking
infrastructure to meet the demands of Al and high-bandwidth applications. Orbiting data
centers offer significant advantages, including up to eight times greater solar energy
harvesting efficiency compared to terrestrial setups, and the vacuum of space serving as
an infinite heatsink, negating the need for traditional cooling towers. These
characteristics promise substantial improvements in energy efficiency and operational

cost optimization for data center operations.

Technical and Clinical Details

Realizing space data centers necessitates overcoming several critical technical challenges.
Firstly, the harsh space environment, particularly high radiation levels, poses a significant
threat to electronics, requiring radiation-hardened hardware designs and protective
measures. Secondly, cooling systems must combine passive cooling utilizing the vacuum
with active thermal management technologies, such as hierarchical thermal control
architectures, PCM heat storage, and Al-intelligent control. Furthermore, advanced
communication technologies like Free-Space Optical Inter-Satellite Links (FSO ISL) are
crucial for achieving low-latency communication, enabling seamless integration with
terrestrial data center networks. Operating high-performance Al chips, like NVIDIA H100

GPUs, in orbit demands sophisticated solutions to these challenges.

Background and Industry Context

Terrestrial data centers are confronting limitations related to surging power
consumption, heat dissipation, and land availability. The rapid advancement of Al further
exacerbates these challenges, driving the search for alternative computing infrastructure
locations. Space offers a compelling solution to these terrestrial problems by providing
clean energy sources, a natural cooling environment, and inherent physical security.
Companies such as Axiom Space, Starcloud, and SpaceX (with Starlink) are already
advancing concepts for orbital computing infrastructure, with initial applications
expected in onboard processing of Earth observation data and extending Al services to

remote regions.



Strategic Significance and Outlook

Space-based data centers have the potential to fundamentally transform the future of
cloud computing and Al. As technological maturity progresses and launch costs
decrease, orbital data centers could become an economically viable solution. In the
future, they are expected to contribute to real-time processing of Earth observation data,
secure handling of military and intelligence data, and enhanced communication
resilience in remote or disaster-stricken areas. Should challenges like developing
radiation-hardened devices and maintaining close-proximity flight for large satellite
constellations be resolved, space will undoubtedly emerge as the next frontier for Al

infrastructure.

Source: https://www.computer.org/csdl/magazine/co/2026/06/11540007/2gT40ZL8NVG
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#04 Redwire Completes On-Orbit Operations for Cancer
Therapeutics and Pharmaceutical Crystallization
Research on ISS

Published June 18, 2026 Redwire USA

| overview

Redwire, a leader in space infrastructure, successfully completed on-orbit operations
for its latest pharmaceutical development research on the International Space Station
(ISS). The mission involved four key investigations focusing on advancing cancer
therapeutics and analyzing crystal formation to improve drug manufacturing in
microgravity. Collaborations with Aspera Biomedicines, Bristol Myers Squibb, Rowan
University, and Purdue University underpinned these groundbreaking efforts, which

aim to leverage microgravity for superior drug purity and uniformity.
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Key Findings

Redwire, a leading provider of space infrastructure and in-space manufacturing solutions,
has announced the successful completion of its latest on-orbit pharmaceutical
development research on the International Space Station (ISS). This series of missions
leveraged the microgravity environment to accelerate the development of cancer
therapeutics and improve the crystallization processes of drugs. These pioneering efforts
hold the potential to enhance drug quality and manufacturing efficiency to levels

unattainable on Earth.

Technical and Clinical Details

The four primary investigations undertaken each contributed to different facets of
pharmaceutical development. Specifically, through partnerships with prominent
institutions such as Aspera Biomedicines, Bristol Myers Squibb, Rowan University, and
Purdue University, detailed studies were conducted on the effects of microgravity on
protein crystal growth, drug solubility, and formulation stability. The microgravity
environment, devoid of convection and sedimentation effects, is ideal for forming larger,
more uniform, and structurally perfect crystals. This characteristic enables the design of
novel therapeutic agents with enhanced efficacy and reduced side effects. In the context
of cancer therapeutics, the research aims to optimize drug molecule arrangements to

develop more targeted and potent treatments.

Background and Industry Context

Pharmaceutical development in microgravity is emerging as a new frontier that
transcends terrestrial limitations, garnering significant attention from the pharmaceutical
industry. Nearly 500 previous biopharma experiments on the ISS have demonstrated that
microgravity can lead to superior drug formulations, uniform and high-purity protein
crystals, and the potential for advanced personalized medicine. Redwire's completion of
these operations clearly indicates that space-based manufacturing capabilities are
transitioning from research to practical application. This advancement is poised to
contribute to the development of new drug pipelines for pharmaceutical companies and

the provision of safer, more effective therapies.



Strategic Significance and Outlook

The successful on-orbit operations by Redwire represent a crucial step towards realizing
commercial pharmaceutical manufacturing in space. As microgravity crystallization
technology further evolves, it could enable improvements in the solubility of difficult-to-
dissolve drugs and the development of new, highly crystalline pharmaceuticals—
outcomes challenging to achieve on Earth. Ultimately, this will lead to better treatment
outcomes for patients. The fact that the UK has published the first regulatory pathway
for space-manufactured medicines further suggests that as international regulatory
frameworks for this sector mature, in-space pharmaceutical manufacturing is expected to

become an indispensable component of the pharmaceutical industry's supply chain.

Source: https://rdw.com/newsroom/redwire-completes-on-orbit-operations-for-cancer-therapeutic-and-

other-pharmaceutical-investigations/
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#05 VCU and NASA Develop Flexible Boron Nitride-

Based Radiation-Resistant Coating to Protect Artemis
Astronauts

Published June 18, 2026  VCU News - Virginia Commonwealth University ~ USA

| overview

A joint research team from Virginia Commonwealth University (VCU) and NASA has
developed an innovative radiation-resistant coating to protect future Artemis
astronauts from harsh space radiation. This new material, primarily composed of
boron nitride, is both flexible and durable, making it applicable for both spacecraft
hulls and spacesuits. Boron nitride's superior neutron radiation absorption and solid
lubricant properties are crucial for significantly reducing radiation exposure and
protecting astronauts from physical impacts by space debris in the extreme space

environment.
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Key Findings

A team of engineers led by Professor Arvind Agarwal at Virginia Commonwealth
University (VCU), in collaboration with NASA, has developed a groundbreaking radiation-
resistant coating designed to protect Artemis astronauts from the harsh radiation
environment of space. This flexible and durable new material, primarily composed of
boron nitride, has two critical applications: for the outer surfaces of spacecraft and for
spacesuits. This coating is poised to dramatically enhance astronaut safety and expand

the possibilities for deep space exploration.

Technical and Clinical Details

The developed coating material leverages the unique properties of boron nitride. Boron
nitride excels in efficiently absorbing neutron radiation particles, which is critically
important for shielding astronauts from harmful radiation originating from cosmic rays
and solar flares. Furthermore, this material acts as an excellent solid lubricant, providing
protection against damage from impacts by small space debris and micrometeoroids to
spacecraft and spacesuits. The coating's flexibility ensures that it does not impede
astronaut movement in spacesuits and can accommodate thermal expansion and
contraction of spacecraft, ensuring long-term reliability. The research team optimized the
material's composition and layered structure to enhance the balance between radiation

shielding effectiveness and mechanical strength.

Background and Industry Context

In human exploration missions to the Moon and Mars, astronauts will venture beyond
Earth's protective magnetosphere, directly exposing them to high-energy radiation. This
exposure poses severe health risks, including cancer, acute radiation sickness, and
damage to the central nervous system. Traditional radiation shielding methods are
heavy, limiting spacecraft payload capacity. The collaborative development by VCU and
NASA offers a lightweight and effective solution to these challenges, increasing the
feasibility of long-duration missions planned under the Artemis program. Similarly,
researchers at Vanderbilt University are also working on radiation-hardened devices,
highlighting that radiation protection in space is one of the highest priorities for human

space exploration.



Strategic Significance and Outlook

This boron nitride-based radiation-resistant coating will have significant implications not
only for the Artemis program but also for future human missions to Mars and long-
duration space stations. Improved radiation shielding capabilities will reduce health risks
for astronauts and enable extended mission durations. Furthermore, this technology is
expected to find applications in protecting space-based electronics and as construction
material for lunar bases. This flexible and durable coating is a key breakthrough in
addressing various challenges in the space environment, accelerating humanity's

expansion into space.

Source: https://news.vcu.edu/article/radiation-resistant-coating-developed-by-vcu-engineer-will-protect-

future-artemis-astronauts
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#06 SpacePharma Launches Autonomous Lab Platforms
to Boost Microgravity Research in Life Sciences and
Manufacturing

Published June 18, 2026 SatNow  Switzerland

| overview

Swiss-Israeli space biotechnology company SpacePharma has deployed autonomous
lab technologies designed for research and manufacturing in microgravity, operating
on the International Space Station (ISS), nanosatellites, and other space platforms. Its
miniature lab-on-chip platforms, in-orbit lab systems, and fluid management
technologies enable cost-effective microgravity access across diverse fields like life
sciences, biotechnology, advanced materials, and next-generation space
manufacturing. This is expected to accelerate groundbreaking discoveries and

product development difficult to achieve on Earth.
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Key Findings

SpacePharma, a Swiss-Israeli space biotechnology company, has developed and
deployed autonomous lab technologies enabling research and manufacturing in
microgravity. These systems operate on the International Space Station (ISS),
nanosatellites, and other orbital platforms. The company's miniature lab-on-chip
platforms and in-orbit lab systems are expected to provide cost-effective access to
microgravity for fields such as life sciences, biotechnology, advanced materials research,
and next-generation space manufacturing, accelerating groundbreaking discoveries and

product development that are challenging to achieve on Earth.

Technical and Clinical Details

At the core of SpacePharma's technology lies its highly automated 'lab-on-chip' system.
This system can autonomously execute complex experimental processes in space,
including fluid sample management, temperature control, optical analysis, and data
acquisition, with minimal human intervention. This capability allows for the generation of
higher purity and structurally perfect materials and biological samples, leveraging the
advantages of microgravity even when uniform crystal growth or cell cultures are difficult
due to convection and sedimentation effects on Earth. For example, protein
crystallization can yield larger, higher-quality crystals, contributing to new drug
development. The fluid management technologies ensure precise dispensing and mixing

of liquid samples in microgravity, enhancing experimental reproducibility and reliability.

Background and Industry Context

Scientific research and manufacturing in space have long been hindered by high costs
and complex logistics. However, companies like SpacePharma are overcoming these
challenges through miniaturization, autonomy, and the increasing frequency of launch
opportunities. Particularly in pharmaceuticals, biotechnology, and advanced materials,
the unique physical and chemical properties afforded by the microgravity environment
are expected to catalyze breakthroughs impossible on Earth. Other space manufacturing
companies, such as Redwire and Varda Space Industries, are pursuing similar visions, and
SpacePharma's technology democratizes access, especially for the research phase, within

this growing market.



Strategic Significance and Outlook

SpacePharma's autonomous lab technology is poised to dramatically improve the cost-
effectiveness of space research, making microgravity environments accessible to a wider
range of researchers and companies. In the life sciences, this could lead to the
development of new approaches for cancer therapeutics, regenerative medicine, and
stem cell research. In advanced materials, it will accelerate the development of high-
purity semiconductors, optical fibers, and novel alloys. In the future, these space-
manufactured products are expected to bring new value to terrestrial industries and
become an indispensable component of the expanding space economy. The evolution of
autonomous systems will be key to enabling more complex and long-duration scientific

exploration missions in space.

Source: https://www.satnow.com/news/details/5377-spacepharma-launches-autonomous-microgravity-

platforms-for-space-research
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#07 NASA Recovers Microgravity-Cultured Stem Cells
and Orbital Cancer Therapeutics, Hinting at
Groundbreaking Medical Applications

Published June 18, 2026  YouTube (SpaceVrse) USA
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| overview

NASA successfully retrieved revolutionary scientific samples and research data from
the International Space Station (ISS), including stem cells cultured in microgravity,
orbital-assembled cancer therapeutics, and heart tissue infected with pneumonia
bacteria. Microgravity has been shown to preserve and enhance biological processes,
improving stem cell growth and the efficacy of cancer treatments. These findings hold
the potential to dramatically improve therapies for cancer and age-related diseases,
unequivocally demonstrating the ISS's capability as a powerful platform for medical

research, with specific indications for precise cartilage printing.
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Key Findings

NASA recently completed a return mission from the International Space Station (ISS),
bringing back unprecedented and groundbreaking biological samples and research data.
These include stem cells cultured in a microgravity environment, cancer therapeutics
assembled in orbit, and heart tissue infected with pneumonia bacteria. These samples
demonstrate microgravity's ability to facilitate and enhance biological processes, holding

the potential to revolutionize medicine on Earth.

Technical and Clinical Details

In a microgravity environment, the absence of terrestrial physical forces like convection
and sedimentation fundamentally alters cell growth and crystal formation. The retrieved
stem cells were observed to proliferate more uniformly and densely than on Earth,
promising significant applications in regenerative medicine. The in-orbit assembly of
cancer therapeutics suggests the possibility of producing drugs with purer, more defect-
free crystal structures, which could lead to enhanced efficacy and reduced side effects.
Furthermore, research on heart tissue infected with pneumonia bacteria may offer new
insights into pathogen infection mechanisms and drug resistance, unattainable on Earth,
potentially advancing infectious disease treatments. The reported success in precise 3D
printing of cartilage also opens avenues for new treatments for arthritis and sports
injuries, as well as advanced health maintenance technologies for astronauts on long-

duration missions.

Background and Industry Context

The International Space Station, by providing a unique microgravity research
environment, has facilitated numerous groundbreaking discoveries in life sciences and
materials science over several decades. In the fields of pharmaceutical development,
regenerative medicine, and biotechnology, the microgravity environment has repeatedly
proven its ability to enable high-purity and high-efficiency processes for protein
crystallization, cell culture, and tissue engineering that are difficult to achieve on Earth.
Companies like Redwire and Varda Space Industries are also actively pursuing
commercial manufacturing leveraging these benefits of space, and NASA's recent
achievements further bolster the growth of this burgeoning space manufacturing

industry.



Strategic Significance and Outlook

The insights gained from NASA's retrieved samples have the potential to directly lead to
the development of novel therapies for various terrestrial diseases, including cancer,
neurodegenerative disorders, age-related conditions, and infectious diseases. Enhanced
stem cells in microgravity and more efficiently manufactured pharmaceuticals will also
contribute to advancements in personalized medicine. The continuous research
opportunities provided by orbital laboratories like the ISS are expected to accelerate the
development of space-designed health treatments, bringing immeasurable benefits to
human health and well-being. Space is rapidly becoming not just a frontier for

exploration, but a forefront of medical innovation.

Source: https://www.youtube.com/shorts/PD-DZpMfKEo
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#08 UK MHRA and Space Agency Unveil World's First

Regulatory Pathway for Space-Manufactured
Medicines

Published June 25, 2026 MedRegs UK

| overview

The UK's Medicines and Healthcare products Regulatory Agency (MHRA) and UK
Space Agency have jointly published the world's first regulatory pathway for
medicines manufactured in space. This landmark announcement marks a critical step
towards establishing a new industry sector for in-orbit pharmaceutical production in
microgravity. With nearly 500 biopharma experiments on the International Space
Station (ISS) already demonstrating microgravity's potential for superior drug
formulations, purer protein crystals, and advanced personalized therapies, this

regulatory clarity is expected to accelerate commercial drug production in space.



| N DEPTH

Key Findings

The UK's Medicines and Healthcare products Regulatory Agency (MHRA) and the UK
Space Agency have jointly announced the world's first regulatory pathway for
pharmaceutical products manufactured in a microgravity environment. This publication
of a clear regulatory framework is a crucial milestone in pioneering the new frontier of
in-space pharmaceutical manufacturing, providing essential guidelines to accelerate the

commercialization of this innovative industry.

Technical and Clinical Details

A microgravity environment eliminates certain physical constraints that are difficult to
overcome on Earth. For instance, without convection and sedimentation effects, proteins
and drug molecules can form larger, more uniform, and structurally more perfect
crystals. This enables the improvement of drug formulations that are difficult to stabilize
on Earth and the production of high-ppurity active pharmaceutical ingredients with
enhanced therapeutic potential. Approximately 500 biopharma experiments conducted
on the International Space Station (ISS) have demonstrated these advantages of
microgravity, particularly suggesting applications in advanced drug development for
personalized medicine. This new regulatory pathway sets clear standards for evaluating
the quality, safety, and efficacy of these space-manufactured products, fostering an
environment where pharmaceutical companies can confidently invest in in-space

production.

Background and Industry Context

In-space manufacturing is gaining significant attention for its unique advantages across
various sectors, including semiconductors, optical fibers, and especially pharmaceuticals.
The commercial potential of this field is evident from companies like Varda Space
Industries positioning microgravity crystallization as a biopharma production capability
and securing substantial funding. The UK's clarification of the regulatory pathway aims to
play a leading role in international competition, removing barriers for future space-
manufactured medicines to enter Earth's markets. This move is expected to innovate the
entire pharmaceutical development supply chain, enabling the delivery of more

advanced therapies to patients.



Strategic Significance and Outlook

The establishment of a regulatory pathway for space-manufactured medicines by the UK
is likely to serve as a model for international regulatory bodies, potentially leading to
similar initiatives by other countries. This is expected to accelerate the transition of
pharmaceutical manufacturing in space from the research phase to full-scale commercial
production. Pharmaceutical companies will be able to leverage the unique microgravity
environment to develop products difficult to achieve on Earth, such as treatments for
rare diseases, personalized immunotherapies, and high-purity biologics. Ultimately, this
movement is anticipated to contribute to reducing drug costs, shortening new drug
development timelines, and improving treatment outcomes, thereby ushering in a new

era where the space industry directly benefits Earth's healthcare system.

Source: https://medregs.blog.gov.uk/2026/06/25/the-next-frontier-unlocking-in-orbit-manufacturing-of-

medicines/
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#09 SpaceX Explores Space-Based Al Data Centers:
Leveraging Abundant Solar Power and Vacuum Cooling
to Overcome Terrestrial Challenges

Published Published June 19, 2026  ScienceDaily (The Conversation $&ff) USA

| overview

Driven by explosive Al demand, companies like SpaceX are spearheading concepts for
orbital data centers. These facilities promise to overcome terrestrial power and
cooling bottlenecks by leveraging up to eight times more abundant, near-continuous
solar energy and the vacuum of space as an infinite heatsink. While challenges like
radiation, cooling, maintenance, and space debris persist, initial applications are
envisioned for Earth observation and military intelligence data processing, where low

latency is less critical.
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Background

Terrestrial data centers face escalating challenges, including burgeoning power
consumption, the imperative for extensive cooling infrastructure, and significant physical
footprints. These pressures are exacerbated by the relentless expansion of Al and cloud
computing. Space is increasingly seen as a viable frontier to address these terrestrial
limitations. The successful deployment of mega-constellations, exemplified by SpaceX's
Starlink network, underscores the technical and economic viability of constructing large-
scale space-based infrastructure. Furthermore, companies like Axiom Space and
Starcloud are actively developing orbital computing platforms specifically designed to

support Al-centric processing and global data distribution.

Key Findings

With Al infrastructure demand soaring globally, companies like SpaceX are pioneering
the innovative concept of space-based data centers. This approach is gaining significant
traction for its potential to circumvent terrestrial power and cooling limitations. Orbital
data centers could leverage solar energy up to eight times more effectively than on

Earth, and exploit the vacuum of space as a virtually infinite heatsink.



Technical Challenges and Solutions

Space data centers are conceptualized as networked machine learning (ML) facilities
composed of numerous solar-powered satellites interconnected via Free-Space Optical
Inter-Satellite Links (FSO ISL). Deploying these satellites in sun-synchronous orbits offers
distinct advantages, enabling a nearly continuous power supply, facilitating low-latency
communication, and optimizing launch costs. However, several critical technical
challenges must be overcome. Foremost, the severe space radiation environment poses
a significant threat to electronics, necessitating the development and deployment of
radiation-hardened devices, such as the wide-bandgap power devices currently being
researched at Vanderbilt University. Secondly, achieving efficient heat dissipation
demands advanced thermal management solutions, including hierarchical thermal
control architectures, Phase Change Material (PCM) heat storage systems, and Al-driven
intelligent control. Additionally, maintaining precise proximity flight for vast
constellations of satellites, ensuring robust protection against space debris, and
establishing the feasibility of in-orbit maintenance and upgrades remain substantial

hurdles.

Strategic Significance and Outlook

Orbital Al infrastructure holds the potential to fundamentally reshape cloud computing,
facilitating service expansion into remote and underserved regions, bolstering
communication resilience, and redefining global data processing paradigms. Initial, more
feasible applications are anticipated in real-time, on-orbit processing of Earth
observation data and military/intelligence data, where stringent low-latency
requirements are comparatively less critical. As technical hurdles are surmounted and
economic viability advances, space data centers are poised to foster new supply chains
and ecosystems, generating novel value for terrestrial industries and establishing

themselves as the 'next network edge.’

Source: https://www.sciencedaily.com/releases/2026/06/260618041501.htm
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#10 arXiv Proposes Highly Scalable Space-Based Al
Infrastructure System Design Utilizing Free-Space
Optical Communication

Published June 18, 2026 arXiv USA

| overview

A paper published on arXiv proposes a design for a high-performance space-based Al
infrastructure system, networking numerous solar-powered satellites via Free-Space
Optical Inter-Satellite Links (FSO ISL) in sun-synchronous orbits. This configuration
aims to achieve near-continuous power supply, low latency, and reduced launch
costs. The system holds the potential to overcome terrestrial Al data center
challenges in power and cooling, delivering a new level of data processing capability.
Key technical hurdles include maintaining close-proximity flight for large satellite

constellations, radiation hardening, and economic feasibility.
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Key Findings

A recent research paper published on arXiv proposes an innovative design for a high-
performance, space-based Al infrastructure system. This system envisions networking
numerous solar-powered satellites via Free-Space Optical Inter-Satellite Links (FSO ISL)
and positioning them in specific sun-synchronous orbits. The design aims to achieve
significantly enhanced 'near-continuous power supply' and 'ultra-low latency' compared
to terrestrial systems, while also optimizing launch costs. This opens a new frontier for
next-generation Al computing by overcoming the power and cooling constraints faced
by Earth-based Al data centers.

Technical and Clinical Details

The proposed Al infrastructure consists of a large number of small satellites, each
equipped with high-performance Al processing units. These satellites will exchange data
at high speeds using FSO ISL technology, forming a global data center network. By
placing them in sun-synchronous orbits, the constellation can receive almost continuous
sunlight, ensuring a stable power supply. This fundamentally addresses challenges like
reliance on fossil fuels and nighttime interruptions for solar power generation on Earth.
However, precisely controlling the close-proximity flight and maintaining the
configuration of such a large satellite constellation will require advanced orbital control
technologies and autonomous navigation systems. Furthermore, integrating radiation-
hardened designs to prevent electronic damage from space radiation, and effective heat
dissipation mechanisms (e.g., hierarchical thermal control architectures, PCM heat
storage) are critical technical challenges. Maximizing the power efficiency of the Al chips

themselves is also indispensable.



Background and Industry Context

With the increasing complexity of Al models and the explosive growth in data volume,
terrestrial data centers are facing immense challenges in power consumption and
thermal management. The maturation of mega-constellation technologies, as seen in
SpaceX's Starlink and Amazon's Project Kuiper, is enhancing the feasibility of space-
based computing infrastructure. The proposal in this paper extends these existing
communication infrastructures to high-performance Al processing. It is expected to
contribute to real-time analysis of Earth observation data, onboard intelligence for space
exploration missions, and enhanced resilience for cloud computing services on Earth.
Space-based Al data centers hold broad strategic significance, including providing

services to remote areas and disaster recovery for networks.

Strategic Significance and Outlook

The realization of this space-based Al infrastructure will bring about significant
transformation across the entire space economy. High-performance computing
capabilities in orbit will offer new data-driven services to various industries on Earth and
dramatically improve the autonomy and efficiency of space exploration. Future research
will focus particularly on miniaturization and performance enhancement of radiation-
hardened devices, autonomous operation technologies for large constellations, and
establishing economically sustainable launch and operational models. If these challenges
are resolved, space will become a new 'edge’ for information processing and Al,

significantly expanding humanity's digital frontier.

Source: https://arxiv.org/html/2511.19468v2
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#11 Varda Space Industries Demonstrates Biopharma

Production Capability via Microgravity Crystallization
Using HIV Drug Ritonavir

Published June 25, 2026  TipRanks USA
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| overview

Varda Space Industries announced it has demonstrated microgravity crystallization as
a scalable biopharmaceutical production capability through a mission utilizing the
anti-HIV drug Ritonavir. This achievement builds upon historical research from 1984,
which showed that protein crystals grown in space achieve superior size and
structural resolution compared to those on Earth. Varda aims to leverage this
technology to resolve access constraints and lengthy timelines in pharmaceutical
manufacturing, establishing a commercial in-orbit production market. The company

has already raised a total of $329 million, leading this sector.
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Key Findings

Varda Space Industries has successfully demonstrated microgravity crystallization as a
scalable production capability for biopharmaceuticals through a mission involving the
anti-HIV drug Ritonavir. This breakthrough opens new avenues for producing high-
quality pharmaceuticals in space, overcoming challenges such as access constraints and
protracted manufacturing timelines in drug development. Varda aims to establish a
commercial in-orbit manufacturing market based on this technology, having already

secured a total of $329 million in funding.

Technical and Clinical Details

The microgravity crystallization technique demonstrated by Varda Space Industries
utilizes the weightless environment of space to produce high-quality protein and drug
crystals, which are difficult to achieve on Earth. In microgravity, physical forces like
convection and sedimentation are absent, allowing for more controlled crystal growth,
resulting in larger, more uniform, and structurally perfect crystals. This is based on
historical insights from a 1984 study that showed protein crystals grown in space had
superior size and structural resolution compared to their Earth-grown counterparts. The
Ritonavir crystallization experiment serves as a crucial step, demonstrating the
applicability of this technology for commercial production. High-quality crystals enhance
the precision of X-ray crystallography, optimizing drug design and potentially improving

drug solubility and stability.

Background and Industry Context

In-space pharmaceutical manufacturing offers solutions to several fundamental
challenges faced by the terrestrial pharmaceutical industry. Specifically, the crystallization
of certain molecules on Earth can be problematic due to impurity incorporation and
non-uniform growth under gravity. Manufacturing in space bypasses these issues,
enabling the production of purer and more effective pharmaceuticals. Varda Space
Industries has developed an integrated business model that utilizes SpaceX's reusable
rocket technology and autonomous re-entry capsules to safely return space-
manufactured products to Earth. Other companies like Redwire, SpacePharma, and
Orbital Medicine are also investing in this sector, indicating a rapidly developing space

manufacturing ecosystem.



Strategic Significance and Outlook

Varda Space Industries' success signifies that commercial in-space manufacturing is
evolving from a mere concept into a tangible production capability. This technology has
the potential to revolutionize the manufacturing of products whose performance
improves in microgravity, such as fiber optic cables, semiconductors, and particularly
pharmaceuticals. In the future, it is expected to become a source for high-value
pharmaceuticals, like drugs for rare diseases and personalized medicine, which are
challenging to produce on Earth. The UK's publication of a regulatory pathway for space-
manufactured medicines also supports the international acceptance and growth of this
industry, positioning companies like Varda as pioneers in establishing space as a new

manufacturing frontier.

Source: https://www.tipranks.com/news/private-companies/varda-space-positions-microgravity-

crystallization-as-biopharma-production-capability
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#12 ElevationSpace Secures $40M Series B for Re-entry
Satellite Development, Totaling $63.5M

Published June 22, 2026  Payload Space Japan

I OVERVIEW

Japanese re-entry satellite startup ElevationSpace has closed a $40 million Series B
funding round, bringing its total raised capital to $63.5 million. The company is
collaborating with JAXA and Tohoku University to develop lift-controlled re-entry
technology for small satellites. ElevationSpace aims to build an innovative in-orbit
transportation network centered on its uncrewed research, development, and
manufacturing platform 'ELS-R' and the high-frequency payload return service 'ELS-
RS' from crewed space stations, positioning itself as a key player in Japan's

burgeoning space industry.



| N DEPTH

Key Findings

ElevationSpace, a Japanese re-entry satellite startup, has announced the completion of
its Series B funding round, securing $40 million. This brings the company's total funding
to $63.5 million, establishing a robust financial foundation to accelerate the development
of its in-orbit transportation network and re-entry technologies. This fundraising marks a
crucial milestone toward realizing the company's goals of in-orbit research,

development, manufacturing, and providing high-frequency payload return services.

Technical and Clinical Details

ElevationSpace is leading the development of lift-controlled re-entry technology for
small satellites, in collaboration with JAXA (Japan Aerospace Exploration Agency) and
Tohoku University. This technology enables small satellites to safely and precisely re-
enter Earth's atmosphere from space and retrieve payloads at designated locations. This
capability allows for the rapid return of in-orbit experimental results and manufactured
materials to Earth, significantly enhancing the efficiency and convenience of space
utilization. The company's primary product, the uncrewed platform 'ELS-R," supports in-
orbit research, development, and manufacturing, while 'ELS-RS' offers high-frequency
payload retrieval services from crewed space stations, thereby building a new ecosystem
for the space industry. Partnerships with companies like Toyoda Gosei and Dai Nippon
Printing further strengthen the development of heat-resistant materials and

collaboration with terrestrial analysis, boosting the reliability of the technology.



Background and Industry Context

In recent years, the launch of satellites into Low Earth Orbit (LEO) has surged, driving
increased demand for in-space research, development, and manufacturing. However,
technologies for returning experimental results and manufactured products from orbit to
Earth have historically been costly and limited. Re-entry satellite startups like
ElevationSpace are poised to address this bottleneck by offering more accessible and
cost-effective retrieval services, thereby accelerating the commercialization of in-space
manufacturing. The company's technology not only enhances Japan's competitiveness in
the space industry but also has the potential to play a significant role in the global space
utilization market. This sector is rapidly evolving, particularly through collaborations and
competition with international space manufacturing companies such as U.S.-based Varda

Space Industries.

Strategic Significance and Outlook

ElevationSpace's successful funding round provides significant momentum for achieving
its long-term goals, including a demonstration on the ISS targeted for 2029. Its in-orbit
research, development, and manufacturing platform, combined with high-frequency
payload return services, promises to bring innovative value to diverse industrial sectors
such as pharmaceutical development, new material creation, and semiconductor
manufacturing. With future aspirations including technology application for Mars
landings and crewed retrieval missions, ElevationSpace is expected to lead Japan's space
technology and become a central player in the global space economy. This paves the
way for Japan to play a crucial role at the frontier of technological innovation and

commercialization in space.

Source: https://payloadspace.com/elevationspace-closes-40m-series-b/
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#13 NASA to Launch First Nuclear Fission Reactor
Spacecraft 'Space Reactor-1 Freedom' in Late 2028,

Demonstrating Deep Space Propulsion and Lunar
Power

Published June 25, 2026 NASA USA

Space Reactor-1Freedom

Space Reactor-1 Freedom

| overview

NASA announced plans to launch 'Space Reactor-1 Freedom' in late 2028, the first
spacecraft to use a nuclear fission reactor for propulsion beyond Earth orbit. This
groundbreaking mission aims to demonstrate U.S. nuclear power capabilities in space
and validate NASA's fission surface power technology for future lunar bases. SR-1
Freedom will not only function as a nuclear electric propulsion system for deep space
but also carry three Mars helicopters as part of its 'SkyFall' payload, significantly
enhancing the feasibility of long-duration space exploration, including crewed

missions to Mars.
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Key Findings

NASA has unveiled plans to launch 'Space Reactor-1 Freedom (SR-1 Freedom)' in late
2028, marking the first spacecraft to utilize a nuclear fission reactor for propulsion
beyond Earth orbit. This pioneering mission has a dual objective: to demonstrate U.S.
nuclear power operational capabilities in space and to validate NASA's fission surface
power technology, currently under development for lunar bases, in an orbital
environment. SR-1 Freedom has the potential to fundamentally transform the landscape

of deep space exploration.

Technical and Clinical Details

SR-1 Freedom builds upon the legacy of the System for Nuclear Auxiliary Power (SNAP)
program, incorporating a compact, lightweight, and reliable nuclear reactor as the core
of its propulsion system. The Nuclear Electric Propulsion (NEP) system utilizes propellant
far more efficiently than traditional chemical propulsion, dramatically extending mission
durations and increasing payload capacities for deep space missions, potentially
enabling travel to Mars in under 90 days. The reactor is designed for remote activation
and operation in space, prioritizing safety with measures to minimize radiation hazards.
The SR-1 Freedom payload includes three Mars helicopters as part of the SkyFall mission,
which will demonstrate new exploration methods by flying within the Martian
atmosphere. This mission also contributes to the broader U.S. goal of landing a 100-

kilowatt nuclear reactor on the Moon by 2030.

Background and Industry Context

The utilization of nuclear technology in space is crucial for long-duration deep space
exploration and for providing stable power to lunar and Martian bases. Solar power is
insufficient during extended lunar nights, which can last for two weeks, making nuclear
energy the only practical option for sustained operations. The announcement by China
and Russia to jointly construct a nuclear-powered lunar base by 2036 has intensified the
competition in space nuclear technology development. In response, the U.S. Department
of Energy (DOE) and NASA have formalized their own plan to launch a 100-kilowatt lunar
reactor by late 2029, with SR-1 Freedom being a vital step toward this goal. The historical
success of SNAP 10A, which generated over 500 watts of power in orbit for 43 days in

1965, underscores the U.S.'s long-standing experience in this field.



Strategic Significance and Outlook

The success of the SR-1 Freedom mission will usher in a new era of deep space
exploration. Nuclear Electric Propulsion will not only enhance the feasibility of crewed
Mars missions but also shorten mission durations to outer planets and allow for larger
scientific payloads. Stable power supply for lunar bases will form the foundation for
sustained human presence, enabling scientific research, resource extraction, and
ultimately, human settlement on Mars. This technology is expected to be a game-
changer for energy and propulsion in the space industry, playing a critical role in

establishing U.S. strategic advantage in international space development.

Source: https://www.nasa.gov/mission/space-reactor-1-freedom/
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#14 SpaceX's 'Starfall' Capsule to Create Microgravity
Manufacturing Market for Semiconductors, Optical
Fibers, and Pharmaceuticals

Published June 24, 2026  Manufacturing Technology =~ USA
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| overview

SpaceX has launched its specialized 'Starfall' capsules, designed to enable commercial
in-space manufacturing of high-value products such as semiconductors, optical fibers,
and pharmaceuticals. This innovative capsule aims to create an autonomous
commercial space manufacturing market by providing access to microgravity and
vacuum, extended on-orbit dwell time, and safe return from orbit. The microgravity
environment is ideal for producing defect-free materials and high-purity products by
controlling convection and sedimentation, enabling the creation of high-quality

goods difficult to produce on Earth.
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Key Findings

SpaceX has launched its specialized 'Starfall' capsules to support commercial in-space
manufacturing of high-value products that are challenging to produce on Earth,
including semiconductors, optical fibers, and pharmaceuticals. These capsules aim to
establish a new autonomous commercial space manufacturing market by offering
integrated services: access to microgravity and vacuum environments, extended on-orbit
dwell capability, and safe re-entry and retrieval to Earth. This represents a critical step in

leveraging space as a new industrial frontier.

Technical and Clinical Details

The Starfall capsules are engineered to maximize the physical advantages afforded by
the microgravity environment. In the weightless conditions of space, physical forces like
convection and sedimentation are suppressed. This allows for purer and more uniformly
controlled processes for liquid and molten materials, which on Earth are often prone to
impurity incorporation and structural defects. This yields significant advantages,

particularly in the following areas:

e Semiconductors: Enables the manufacturing of ultra-high-quality crystal growth for

high-speed, ultra-low-power semiconductor materials.

e Optical Fibers: Eliminates gravity-induced inhomogeneities in glass, promising next-

generation fiber optic cables with significantly lower signal loss.

e Pharmaceuticals: Improves protein crystallization, contributing to the development
of more effective and stable drug formulations and the production of treatments for

rare diseases (as demonstrated by Varda Space Industries with the anti-HIV drug

Ritonavir).
¢ Novel Alloys and Composites: Microgravity melting and solidification processes can

create new materials with properties unattainable on Earth.

Starfall autonomously performs these manufacturing processes in orbit and is equipped

with re-entry technology to safely return the payloads to Earth upon mission completion.



Background and Industry Context

The concept of in-space manufacturing has long been confined to science fiction.
However, advancements in SpaceX's reusable rocket technology have dramatically
reduced launch costs and increased payload capabilities, making in-space manufacturing
economically viable. This has transformed the industrialization of high-value products
beyond Earth into a reality, with the potential for new manufacturing ecosystems
independent of terrestrial supply chains. The UK's publication of a regulatory pathway for
space-manufactured medicines further indicates accelerating international interest and

commercialization in this sector.

Strategic Significance and Outlook

SpaceX's Starfall capsules are poised to be a key catalyst in accelerating the growth of
the microgravity manufacturing market. This service will provide research institutions and
companies with a more cost-effective in-orbit manufacturing option, serving as an
alternative to expensive experiments on the International Space Station (ISS). In the
future, space-manufactured products are expected to bring new innovation and
competitiveness to various terrestrial industries (electronics, telecommunications,
healthcare, etc.), becoming a significant driving force for the entire space economy.
Space is transforming from merely a frontier into the 'next-generation factory,’

complementing and strengthening Earth's industries.

Source: https://manufacturingdigital.com/news/how-spacexs-starfall-can-unlock-microgravity-

manufacturing
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#15 NASA ISS Advances Space-Designed Treatments

Through Cartilage Regeneration and Digestive System
Research

Published June 18, 2026 NASA USA

| overview

The Expedition 74 crew on the International Space Station (ISS) is conducting
groundbreaking research on how microgravity affects cartilage growth and the
digestive system, aiming to improve patient care on Earth and protect astronauts'
health in future missions. In-orbit microgravity studies provide unique biological
insights unattainable terrestrially, enabling the development of ‘space-designed
health treatments,' pharmaceuticals, and products. Specifically, the in-space
manufacturing of cartilage tissue could lead to self-healing implants on Earth and
advanced fitness technologies for long-duration spaceflight, underscoring space's

growing importance in medicine.
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Key Findings

The Expedition 74 crew on the International Space Station (ISS) is advancing
groundbreaking research into the effects of microgravity on cartilage growth and the
digestive system. This research aims to improve patient care on Earth and safeguard
astronaut health during future long-duration spaceflights. Experiments conducted in the
orbital laboratory are providing unique biological insights impossible to obtain
terrestrially, thereby accelerating the development of 'space-designed health

treatments,’ pharmaceuticals, and related products.

Technical and Clinical Details

The microgravity environment offers unique advantages for cell culture and tissue
engineering due to the absence of convection and sedimentation effects observed under
Earth's gravity. In the cartilage tissue growth studies, researchers are meticulously
investigating how microgravity influences the proliferation and differentiation of
cartilage cells. This is expected to lead to new treatment modalities for terrestrial
conditions like arthritis and sports injuries. For instance, if high-quality cartilage tissue
can be manufactured in microgravity, the feasibility of self-healing implants will
significantly increase. Research into digestive system impacts is crucial for understanding
and mitigating changes experienced by astronauts during long-duration missions, such
as alterations in the gut microbiome and reduced nutrient absorption efficiency. These
studies are being conducted using a combination of 3D cell culture techniques,

advanced biosensors, and imaging diagnostics.

Background and Industry Context

Space medical research, initially focused on protecting astronaut health, has yielded
broad applications for healthcare on Earth. Microgravity has provided unparalleled
insights in cancer research, osteoporosis treatment, and pharmaceutical development
(particularly protein crystallization). NASA actively utilizes the ISS as a platform for
‘bioengineering, space manufacturing, and spacewalk preparations,’ while private
companies (e.g., Redwire, Varda Space Industries) are also investing in microgravity-
based pharmaceutical manufacturing. These activities position the space environment as
a 'laboratory' for medical innovation, generating new solutions that address terrestrial

healthcare needs.



Strategic Significance and Outlook

Continued research on the ISS holds the potential to contribute to the development of
new treatments for a wide range of diseases, including cartilage regeneration,
osteoporosis, cancer, neurodegenerative disorders, age-related conditions, and
infectious diseases. Cartilage tissue manufactured in space may accelerate the
development of groundbreaking self-healing implants, offering alternatives to traditional
joint replacement surgeries on Earth. Furthermore, insights gained from astronaut
digestive system research will not only improve diagnosis and treatment for terrestrial
digestive disorders but also inform advanced fitness technologies and nutritional
strategies for maintaining astronaut health during prolonged space missions. Thus, the
unique environment offered by space is becoming an indispensable element in shaping

the future of human health and medicine.

Source: https://www.nasa.gov/blogs/spacestation/2026/06/18/advanced-tech-on-station-informing-

space-designed-health-treatments/

Collected: June 26, 2026 | Automated Research System (Gemini API)


https://www.nasa.gov/blogs/spacestation/2026/06/18/advanced-tech-on-station-informing-space-designed-health-treatments/
https://www.nasa.gov/blogs/spacestation/2026/06/18/advanced-tech-on-station-informing-space-designed-health-treatments/

#16 DNP and ElevationSpace Sign Capital and Business
Alliance for Joint Development of Low Earth Orbit
Material Testing and Retrieval Services

Published June 19, 2026  IBTimes JP  Japan

| overview

Dai Nippon Printing (DNP) and Japanese space startup ElevationSpace have signed a
capital and business alliance agreement to jointly develop services covering material
and component testing, retrieval, and terrestrial analysis in Low Earth Orbit (LEO). This
strategic partnership aims to enhance the reliability of materials and components
proven in space environments and expand their use in space equipment. By
combining DNP's material technology with ElevationSpace's re-entry satellite
technology, the collaboration is expected to support a stable supply of space

materials and accelerate material innovation in Japan's space industry.
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Key Findings

Dai Nippon Printing (DNP) and Japanese re-entry satellite startup ElevationSpace have
signed a capital and business alliance agreement for the joint development of services
encompassing material and component testing, retrieval, and detailed terrestrial analysis
in Low Earth Orbit (LEO). This partnership aims to significantly improve the reliability of
materials and components used in space environments and expand their adoption
across the space equipment industry. This agreement represents a crucial contribution to
material technology innovation and supply chain strengthening within Japan's

burgeoning space sector.

Technical and Clinical Details

ElevationSpace, in collaboration with JAXA (Japan Aerospace Exploration Agency) and
Tohoku University, is leading the development of lift-controlled re-entry technology for
small satellites. This technology enables the safe and precise retrieval of materials and
components tested in orbit back to Earth. DNP contributes its expertise in advanced
material technologies, particularly in the development and evaluation of high-
performance and heat-resistant materials capable of withstanding the space
environment, cultivated over years of experience. Through this alliance, the two
companies will build an integrated value chain, from in-orbit material exposure tests to
detailed physical property analysis of retrieved samples on the ground. This will foster a
deeper understanding of material degradation mechanisms in extreme environments
and accelerate the development of more durable space-grade materials. Examples
include the development of lightweight, heat-resistant materials for re-entry and testing

protective materials to prevent electronic component degradation from space radiation.



Background and Industry Context

The rapid growth of the space industry has led to an increasing demand for high-
performance and reliable materials and components. However, developing and
validating materials capable of withstanding the harsh conditions of space—vacuum,
extreme temperature fluctuations, high-energy radiation, and micro-debris—has been a
major challenge. The DNP-ElevationSpace partnership addresses this challenge by
providing a critical solution for the stable supply of high-quality materials required by
space equipment manufacturers. This initiative not only strengthens Japan's
competitiveness in the space industry but also establishes its position as a reliable
provider of material testing services within the global space manufacturing supply chain.
Similarly, Toyoda Gosei is also diversifying into space technology through its investment

in ElevationSpace.

Strategic Significance and Outlook

This capital and business alliance is expected to not only accelerate advancements in
material technology within Japan's space industry but also create new opportunities for
space utilization. In-orbit material testing and rapid retrieval/analysis services will
become indispensable for product development where microgravity manufacturing is
beneficial, such as pharmaceuticals, high-purity semiconductors, and optical fibers.
ElevationSpace aims for an ISS demonstration in 2029, and the collaboration with DNP
will bolster its realization. Through these efforts, Japan is expected to establish
technological leadership in space materials, contributing to grand missions like future

lunar base construction and Mars exploration.

Source: https://jp.ibtimes.com/dnp-elevationspace-sign-alliance-low-earth-orbit-materials-testing-101755
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#17 Axiom Space, Starcloud, and SpaceX Accelerate
Orbital Data Center Development, Redefining Cloud
Computing by 2035

Published June 22, 2026  Data Center Knowledge USA

| overview

Driven by limitations in terrestrial infrastructure, interest in orbital data centers is
surging. Axiom Space is developing orbital data center nodes supporting cloud
computing, Al, and cybersecurity. Starcloud plans to operate Nvidia H100 GPUs in
orbit within a network of tens of thousands of computing satellites. SpaceX also
advocates a massive vision to apply its Starlink manufacturing and launch model to
orbital computing infrastructure. These initiatives could fundamentally transform the
cloud computing landscape by 2035, promising to overcome terrestrial power and

cooling issues while providing new global connectivity.
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Key Findings

Amid increasing pressures on terrestrial data center infrastructure—stemming from
power, cooling, and land availability—the concept of building data centers in space is
rapidly gaining traction. Axiom Space is actively developing orbital data center nodes
and computing infrastructure to support cloud computing, Al, cybersecurity, and data
processing. Concurrently, Starcloud has announced plans to operate Nvidia H100 GPUs
in orbit, deploying a network of tens of thousands of computing satellites. SpaceX is also
advocating a massive vision to adapt its Starlink manufacturing and launch model for
orbital computing infrastructure. These developments collectively possess the potential

to fundamentally transform the future of cloud computing by 2035.

Technical and Clinical Details

Orbital data centers will primarily consist of numerous small satellites positioned in Low
Earth Orbit (LEO). These satellites will be interconnected at high speeds using Free-Space
Optical Inter-Satellite Link (FSO ISL) technology, forming a global, distributed computing
network. Key advantages of the space environment include access to abundant, near-
continuous solar energy (estimated to provide up to 8 times more power than on Earth)
and the efficient cooling capabilities offered by the vacuum of space. This significantly
mitigates the critical heat dissipation challenges faced by terrestrial data centers.
However, numerous technical hurdles remain. These include radiation-hardened
hardware to prevent damage to electronics from space radiation, advanced thermal
control systems to manage extreme temperature fluctuations, and developing methods
for in-orbit maintenance and upgrades. Starcloud's plan to fly high-performance Al chips
like Nvidia H100 GPUs in orbit necessitates the integration of cutting-edge radiation-

hardening and thermal management technologies.



Background and Industry Context

The rapid advancements in Al, loT, and big data have generated unprecedented demand
for data processing capabilities. Terrestrial data centers are reaching their limits due to
strain on power grids, environmental impact, and geographical constraints. Against this
backdrop, space is emerging as the 'next network edge,' offering new opportunities for
providing services to remote regions, enhancing communication resilience, and enabling
real-time processing of Earth observation data. SpaceX's Starlink has already deployed
thousands of satellites, providing global internet connectivity, and the potential to

extend this network to Al computing signifies a paradigm shift in the space industry.

Strategic Significance and Outlook

The realization of orbital data centers will revolutionize cloud computing services, Al,
cybersecurity, and data processing. Heading towards 2035, these space-based
infrastructures will provide high-performance computing capabilities accessible from
anywhere on Earth, eliminating current geographical limitations. This could lead to the
emergence of new business models, industries, and national security strategies.
Overcoming technical challenges (such as radiation, cooling, space debris, and economic
viability) will be key to realizing this vision, but the aggressive investment and
development by major players like Axiom Space, Starcloud, and SpaceX suggest that
space data centers are poised to become a central component of future digital

infrastructure.

Source: https://www.datacenterknowledge.com/build-design/breaking-points-2035-a-data-center-space-

odyssey
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#18 LambdaVision and Vast Sign MOU to Advance
Space-Based Manufacturing of Protein-Based Artificial
Retina on Commercial Space Stations

Published June 24, 2026  Business Wire  USA

| overview

LambdaVision has signed a Memorandum of Understanding (MOU) with Vast to
support research and manufacturing activities on Vast's Haven-1 and future
commercial space stations. LambdaVision has demonstrated, through nine
International Space Station (ISS) missions, that microgravity can improve the
manufacturing of multi-layered protein thin films for protein-based artificial retinas.
This partnership will expand its deployment into commercial Low Earth Orbit (LEO)
and aims to accelerate advancements in stem cell science, regenerative medicine,

bioprinting, and protein pharmaceutical crystallization in microgravity.
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Key Findings

Space manufacturing company LambdaVision has signed a Memorandum of
Understanding (MOU) with Vast, agreeing to support research and manufacturing
activities on Vast's commercial space station Haven-1 and future orbital facilities. This
strategic partnership is set to accelerate the deployment of LambdaVision's technology
for manufacturing multi-layered protein thin films for protein-based artificial retinas in a
microgravity environment into commercial Low Earth Orbit (LEO), a capability
demonstrated across nine International Space Station (ISS) missions. This represents a

significant milestone in space-based biopharmaceutical manufacturing.

Technical and Clinical Details

LambdaVision is developing functional artificial retinas using photoreceptive proteins
like rhodopsin. The microgravity environment allows for the manufacturing of uniform,
defect-free multi-layered thin films, a process hindered by convection and sedimentation
effects on Earth. Across nine ISS missions, the company has demonstrated that
microgravity improves the orientation, density, and uniformity of protein layers, leading
to enhanced performance of the artificial retina. Vast's Haven-1 and future commercial
space stations will provide a stable platform to scale these technologies from research to
commercial production. This partnership will particularly foster technological

advancements in the following areas:

e Stem Cell Science: Researching the effects of microgravity on stem cell proliferation

and differentiation, exploring applications in regenerative medicine.

e Regenerative Medicine: Developing new approaches to repair damaged tissues and
organs.

e Bioprinting: Optimizing 3D printing techniques for complex biological tissues and
organs in microgravity.

¢ Protein Pharmaceutical Crystallization: Pursuing the generation of higher purity

and more stable protein crystals to contribute to new drug development.

These technologies are directly applicable to both maintaining astronaut health and

improving therapies for patients on Earth.



Background and Industry Context

The advent of commercial space stations is dramatically expanding the possibilities for
in-orbit research, development, and manufacturing. Companies like Vast aim to utilize
the unique microgravity environment to produce high-value products such as
pharmaceuticals, regenerative medicine products, and advanced materials.
LambdaVision's artificial retina project is a promising example of how space
manufacturing can provide concrete medical solutions, offering new hope to patients
suffering from blinding diseases like age-related macular degeneration. This partnership
is set to accelerate the growth of the healthcare sector within the space economy and
contribute to the formation of an ecosystem with other space manufacturing companies

like Varda Space Industries.

Strategic Significance and Outlook

The LambdaVision-Vast partnership is a critical step towards the commercial production
of protein-based artificial retinas, with the potential to benefit millions of visually
impaired patients. Expanding manufacturing capabilities in commercial Low Earth Orbit
will shorten drug development cycles and enable more medical researchers to leverage
the benefits of space. This collaboration clearly illustrates a future where space is not just
a place for exploration but an innovative manufacturing hub addressing Earth's most
pressing medical needs. In the future, these space manufacturing technologies are
expected to be integrated into Earth's medical infrastructure, becoming a source for new

therapeutic interventions.

Source: https://www.businesswire.com/news/home/20260624883923/en/LambdaVision-and-Vast-Sign-
Agreement-to-Advance-Space-Based-Manufacturing-of-Protein-Based-Artificial-Retina-and-Microgravity-

Bioprocesses
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#19 NASA Plans First Permanent Human Lunar Outpost
‘Moon Base' at South Pole, Serving as Stepping Stone
for Mars Exploration

Published June 24, 2026 NASA USA

| overview

NASA is advancing plans to construct the first permanent human lunar outpost,
‘Moon Base," at the Moon's south pole. This ambitious project aims to establish a
sustained human presence on the Moon through a series of crewed and uncrewed
missions, building infrastructure to enable new scientific discoveries. The Moon Base
will serve as a crucial stepping stone for future crewed Mars exploration missions and
will be constructed in phases. Initial robotic missions will test new technologies and
explore the lunar environment, followed by the deployment of modules to support

long-duration astronaut stays.
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Key Findings

NASA is vigorously pursuing plans to construct 'Moon Base,' humanity's first permanent
lunar outpost at the Moon's south pole, marking the next significant step in human deep
space exploration. This ambitious vision aims to establish a sustained human presence
on the lunar surface through a series of crewed and uncrewed missions, building robust
infrastructure for scientific exploration and resource utilization. The Moon Base is a
highly strategic project, designed to function as a crucial stepping stone for future

crewed Mars exploration.

Technical and Clinical Details

The construction of the lunar base will proceed in phases. Initially, robotic missions will
conduct detailed topographic surveys of the planned construction site, prospect for
resources like water ice, and test new construction technologies and life support systems.
The Moon's south pole is particularly important due to the potential presence of water
ice within permanently shadowed craters, which could serve as a vital source for drinking
water, breathable oxygen, and rocket fuel in the future. Subsequently, habitable modules
for long-duration human stays, power generation systems (including fission reactors),
communication infrastructure, and scientific experimentation equipment will be
deployed incrementally. For example, the plan to land a 100-kilowatt lunar nuclear
reactor by 2030 is essential for ensuring a stable power supply during the two-week
lunar night. Astronauts will acquire skills necessary for survival, work, and scientific

research in the lunar environment, with robust radiation protection measures in place.

Background and Industry Context

The Artemis program provides the comprehensive framework for NASA's Moon Base
construction. This program is driven by a commitment to re-establish U.S. leadership in
space exploration, leveraging extensive public-private partnerships and international
cooperation. The announcement by China and Russia to jointly construct a nuclear-
powered lunar base by 2036 has intensified the competition in space nuclear technology
development, making NASA's Moon Base plan a critical endeavor for the U.S. to maintain
its advantage in this international race. Private companies like SpaceX are enhancing the
economic feasibility of lunar infrastructure construction by reducing launch costs and

increasing payload capacities.



Strategic Significance and Outlook

The construction of Moon Base will be a transformative project, elevating humanity's
presence in space and generating new scientific discoveries and economic opportunities.
The utilization of water ice resources at the lunar south pole will enhance self-sufficiency
on the Moon and potentially serve as a fuel production hub for future Mars missions.
This base will function as a testbed for improving human survival capabilities and
autonomy in deep space, accelerating fundamental scientific research on the search for
extraterrestrial life and the origins of the universe. Ultimately, Moon Base is expected to
become an indispensable foothold for humanity's expansion throughout the solar
system, fostering new business opportunities and technological innovations across the

entire space industry.

Source: https://www.nasa.gov/reference/moonbase-about/
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#20 NASA to Launch Artemis Il Next Year, Testing

Commercial Lunar Lander in Earth Orbit Ahead of
Planned 2028 Moon Landing

Published June 25, 2026 Via Satellite USA

| overview

NASA plans to launch Artemis Ill next year, preceding the Artemis IV mission's
astronaut lunar landing in 2028. Artemis Ill is positioned not as the first lunar landing,
but as a risk-reduction mission to conduct a full-scale test of the Human Landing
System (HLS) in Earth orbit. This strategy aims to thoroughly verify the safety and
reliability of the lunar landing system, maximizing the success rate of the crewed lunar
landing mission in 2028. This approach represents a crucial step in the plan to

establish a sustained human presence on the Moon.
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Key Findings

NASA has announced plans to launch the Artemis Ill mission next year, preceding the
planned astronaut lunar landing with the Artemis IV mission in 2028. Artemis Ill is
designated not as the initial lunar landing attempt, but as a dedicated risk-reduction
mission to conduct a full-scale test of the Human Landing System (HLS) in Earth orbit.
This strategic approach allows NASA to perform critical technical verification and ensure

safety in preparation for the crewed lunar landing mission.

Technical and Clinical Details

During the Artemis Ill mission, key systems and components of the Human Landing
System (HLS) will undergo comprehensive testing in a Low Earth Orbit (LEO)
environment. This includes validating the functionality and performance of the
propulsion system, guidance, navigation, and control (GNC) system, communication
systems, and life support systems. Particular emphasis will be placed on evaluating how
the landing system's software and hardware perform in an actual space environment,
rather than just simulations. The HLS is an indispensable component for astronauts to
land on the Moon, and pre-validating its reliability in Earth orbit is critically important for
ensuring safety and efficiency in future lunar operations. Data from this test will be used
to further optimize the HLS design and operation for the crewed lunar landing mission in
2028.

Background and Industry Context

NASA's Artemis program aims for humanity's return to the Moon since the Apollo era,
with the objective of establishing a sustained lunar presence. This program actively
leverages public-private partnerships, with private companies like SpaceX contributing to
the development of the HLS. The decision to test a commercial lunar lander in 2027 is a
cautious strategy to mitigate as much risk as possible prior to the high-stakes crewed
lunar landing mission. Furthermore, amid intensifying international space development
competition, including China and Russia's plans to build a nuclear-powered lunar base
by 2036, the steady progress of NASA's program is vital for maintaining U.S. leadership

in space.



Strategic Significance and Outlook

The success of the Artemis Ill mission is an indispensable step for the entire Artemis
program, leading towards the crewed lunar landing with Artemis IV in 2028, and
ultimately the establishment of a lunar base by 2032. Testing the HLS in Earth orbit will
not only improve the safety and efficiency of future lunar missions but also form a crucial
foundation for technology development aimed at deep space exploration. The progress
of this program is expected to enhance the feasibility of scientific research, resource
extraction on the Moon, and crewed missions to Mars, bringing new business

opportunities and technological innovations across the entire space industry.

Source: https://www.meritalk.com/articles/nasa-targets-artemis-iii-launch-next-year-ahead-of-planned-
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#21 ISS Expedition 74 Crew Advances Microgravity
Manufacturing of Cartilage Tissue and Advanced
Materials

Published June 22, 2026 NASA USA

| overview

On the International Space Station (ISS), the Expedition 74 crew is vigorously
advancing two critical in-space manufacturing experiments: bioengineering for
cartilage tissue production and advanced materials manufacturing. Research into
cartilage cell growth in microgravity holds the potential for new treatments for
arthritis and sports injuries on Earth. Simultaneously, experiments documenting the
3D structure formation of colloidal crystals in microgravity are underway, with
applications expected in next-generation materials and technology development.
These initiatives embody the concept of a 'space factory,' leveraging space as a new

research and manufacturing hub.
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Key Findings

The Expedition 74 crew on the International Space Station (ISS) is focusing this week on
two crucial scientific activities: bioengineering for cartilage tissue production and
advanced materials manufacturing. Research into cartilage cell growth in a microgravity
environment holds the potential for developing innovative treatments for terrestrial
diseases such as arthritis and sports injuries. Concurrently, experiments aimed at
elucidating how colloidal crystals form 3D structures in microgravity are progressing,
which promises to open new avenues in next-generation materials science and

technology development.

Technical and Clinical Details

The research into cartilage tissue manufacturing leverages the unique property of
microgravity that allows for the formation of uniform, high-quality tissue structures,
which are challenging to achieve on Earth. In the absence of gravity, cells float without
sedimentation, making it easier for them to construct more natural, three-dimensional
structures. This is expected to lead to the development of self-healing implants for
repairing damaged articular cartilage and more effective regenerative medicine
approaches. In the colloidal crystal 3D structure formation experiment, researchers
meticulously observe how particle interactions and arrangements in microgravity
produce materials with specific physical properties. These insights could be applied to
the development of advanced materials such such as new photonic crystals, smart
materials, or superconductors. The crew operates cells and particles within specialized
microgravity experiment facilities, recording their growth and structural changes with

high-resolution cameras.



Background and Industry Context

In-space manufacturing is gaining global attention as a new frontier for overcoming
limitations faced by terrestrial industries. The microgravity environment offers unique
advantages due to the absence of convection and sedimentation effects, benefiting drug
crystallization, semiconductor manufacturing, optical fiber production, and biological
tissue engineering. NASA has long utilized the ISS as an 'orbital laboratory' for life and
materials sciences, and in recent years, private companies like Redwire and Varda Space
Industries have also entered this field, driving commercial in-space manufacturing.
Cartilage research holds dual value: its significance in space medicine for astronaut
health (addressing bone and joint degradation during long missions) and its direct

medical applications for patients on Earth.

Strategic Significance and Outlook

The outcomes of these in-space manufacturing experiments on the ISS will have
immeasurable impacts on medicine and industry on Earth. Advancements in cartilage
tissue manufacturing technology could offer new treatment options for patients
suffering from chronic conditions like arthritis, thereby improving their quality of life.
Research into advanced materials manufacturing may accelerate the development of
higher-performance and more durable products, potentially revolutionizing various
industries such as electronics, aerospace, and energy. These space-derived technologies
are ultimately expected to complement and enhance terrestrial manufacturing processes,
contributing to humanity's technological progress and welfare. Space is evolving from

merely a site for exploration to a 'production hub' shaping the future of Earth.

Source: https://www.nasa.gov/blogs/spacestation/2026/06/22/crew-starts-week-with-bioengineering-

space-manufacturing-and-spacewalk-preps/

Collected: June 26, 2026 | Automated Research System (Gemini API)


https://www.nasa.gov/blogs/spacestation/2026/06/22/crew-starts-week-with-bioengineering-space-manufacturing-and-spacewalk-preps/
https://www.nasa.gov/blogs/spacestation/2026/06/22/crew-starts-week-with-bioengineering-space-manufacturing-and-spacewalk-preps/

#22 LMA Consulting Group: SpaceX's Low-Cost
Launches Make High-Value In-Space Manufacturing
Economically Viable

Published June 23, 2026  LMA Consulting Group  USA
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| overview

LMA Consulting Group analysis indicates that SpaceX's reusable rocket development,
significantly reducing launch costs and increasing payload capacity, has made high-
value product manufacturing in space economically feasible. The microgravity
environment enables unique processes for producing high-purity semiconductors,
advanced optical fibers, specialized pharmaceuticals, and novel alloys and crystals.
This reduction in cost and expansion of capabilities is poised to create new
extraterrestrial supply chains and accelerate the industrialization of in-space

manufacturing, potentially bringing new value to terrestrial industries.
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Key Findings

According to analysis by LMA Consulting Group, SpaceX's development of reusable
rocket technology has dramatically reduced the cost of accessing space while
simultaneously increasing payload capacity. This advancement suggests that the
manufacturing of high-value products in space has entered an economically viable
realm, potentially giving rise to new extraterrestrial supply chains. The microgravity
environment uniquely enables processes for producing high-purity semiconductors,
advanced optical fibers, specialized pharmaceuticals, and novel alloys and crystals that

are unattainable on Earth.

Technical and Clinical Details

In a microgravity environment, physical phenomena driven by gravity, such as convection
and sedimentation, are suppressed. This reduces impurity incorporation in liquids and
molten materials, allowing for the formation of more uniform and perfect crystal

structures and tissues. Specific applications include:

¢ High-Purity Semiconductors: Manufacturing defect-free single-crystal silicon,

gallium arsenide, and other materials difficult to produce on Earth.

e Advanced Optical Fibers: Producing ultra-low-loss, high-quality optical fibers by

eliminating gravity-induced inhomogeneities in glass.

e Specialized Pharmaceuticals: Improving protein crystallization, leading to the
development of more effective and stable drug formulations, and enhanced solubility
for poorly soluble drugs. Companies like Varda Space Industries are actively

demonstrating this.

¢ Novel Alloys and Crystals: Creating new materials with properties previously
unachievable by uniformly mixing dissimilar metals in microgravity that would be

difficult to combine on Earth.

These processes are particularly effective for products whose quality, purity, or efficiency
are limited by terrestrial manufacturing. SpaceX's improved cost-effectiveness in launch
services has significantly lowered the barrier to access required for these in-space

manufacturing processes.



Background and Industry Context

The space industry has undergone a significant shift over the past few decades,
transitioning from government-led exploration to commercially driven initiatives.
Reusable rockets like SpaceX's Falcon 9 and Starship are at the forefront of this
transformation, commoditizing launch services and enabling new in-orbit business
models. Terrestrial manufacturing faces challenges such as resource constraints,
environmental regulations, and supply chain vulnerabilities, and in-space manufacturing
offers a potential new solution to these issues. The UK's publication of a regulatory
pathway for space-manufactured medicines is another example of international moves

fostering the growth of this industry.

Strategic Significance and Outlook

SpaceX's ongoing reduction in launch costs and expansion of payload capabilities will
further accelerate the industrialization of in-space manufacturing. In the future, high-
value products manufactured in space are expected to be supplied to various terrestrial
industries (electronics, telecommunications, healthcare, aerospace, etc.), creating new
markets and jobs. Space is no longer just a frontier; it is increasingly playing the role of a
'next-generation factory' that complements and strengthens Earth's industries. This
evolution is poised to be an indispensable factor in humanity's technological progress

and economic development, driving the growth of the entire space economy.

Source: https://www.lma-consultinggroup.com/manufacturing-in-space/
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#23 SpaceX Starlink Network Poised to Transform
Cloud Computing: Boosting Remote Connectivity and
Resilience with Space-Based Al Infrastructure

Published June 25, 2026  Senior Executive  USA

| overview

Amid soaring Al infrastructure demand, space-based Al infrastructure is poised to
fundamentally transform cloud computing. The expansion of SpaceX's Starlink
network presents new opportunities for orbital infrastructure to support Al-related
computing and global data movement. This space-based Al infrastructure can extend
services to remote regions, enhance communication resilience, and redefine the
competitive landscape, emerging as an innovative solution to terrestrial data center

challenges.
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Key Findings

With the explosive growth in Al infrastructure demand, a vibrant discussion is unfolding
about the potential of space-based Al infrastructure to fundamentally transform the
future of cloud computing. The continuous expansion of SpaceX's Starlink network
indicates that orbital infrastructure is creating new opportunities to support Al-related
computing and global data movement. This innovative approach is expected to lead to
service expansion into remote areas, enhanced communication resilience, and a

redefinition of the existing competitive landscape.

Technical and Clinical Details

Space-based Al infrastructure will consist of numerous Al-enabled satellites deployed in
Low Earth Orbit (LEO). These satellites will be interconnected via high-speed laser links,
such as Free-Space Optical Inter-Satellite Links (FSO ISL), forming a distributed
computing network. In orbit, abundant solar energy can be harnessed almost
continuously, with an estimated generation capacity up to eight times greater than on
terrestrial data centers. Furthermore, the vacuum of space acts as a natural heatsink,
eliminating the need for cooling towers and significantly improving operational
efficiency. Technical challenges include radiation-hardened designs to protect electronics
from space radiation, thermal management to cope with extreme temperature
fluctuations, and precise orbital maintenance and autonomous operation for a large
number of satellites. Advanced technical solutions are required to overcome these

hurdles for safe and efficient operation of Al chips in orbit.



Background and Industry Context

Terrestrial cloud computing infrastructure faces challenges of immense power
consumption, heat dissipation, and land utilization, with the surge in Al workloads
exacerbating these issues. Against this backdrop, space is emerging as an attractive
solution to these terrestrial constraints by offering clean energy, natural cooling, and
physical security. SpaceX's Starlink already provides internet connectivity to millions of
users worldwide, and its success demonstrates the potential for large satellite
constellations to integrate computing capabilities beyond their role as communication
infrastructure. Other companies like Axiom Space and Starcloud are also developing
orbital data centers, indicating that space-based Al is becoming an integral component

of the future digital economy.

Strategic Significance and Outlook

Space-based Al infrastructure will push cloud computing services to new frontiers,
providing high-speed, reliable Al processing capabilities particularly to remote and
underserved regions. This will contribute to bridging the global digital divide and
creating new economic opportunities. Moreover, in the event of terrestrial natural
disasters or cyberattacks disrupting communications, space-based networks can function
as a backup, providing more resilient global connectivity. In the future, a wide range of
applications is expected, including real-time analysis of Earth observation data, global Al
processing for autonomous vehicles, and optimization of smart city infrastructure. As
technical challenges are resolved and standardization progresses, space will undoubtedly

become the next 'edge’ of cloud computing.

Source: https://seniorexecutive.com/space-based-ai-infrastructure-cloud-telecom-future/
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#24 Varda Space Industries Raises $329M, Leading
Space Manufacturing Market with Microgravity
Production Platforms and Re-entry Capsules

Published June 18, 2026  Forge Global USA

| overview

Varda Space Industries has raised $329 million since its inception, aiming to
manufacture performance-enhanced products (such as fiber optic cables,
pharmaceuticals, and semiconductors) in microgravity on orbital production
platforms. The company seeks to establish a commercial space manufacturing market
by safely returning these manufactured goods to Earth via its proprietary re-entry
capsules. This substantial funding solidifies Varda's leadership in the space
manufacturing ecosystem and marks a significant step towards making the

production of high-value goods, difficult to achieve on Earth, a reality.
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Key Findings

Varda Space Industries has successfully raised a total of $329 million from leading
venture capitalists, including Khosla Ventures, Lux Capital, and Founders Fund, since its
establishment. Backed by this substantial funding, the company is advancing an
innovative business model: manufacturing high-value products (such as fiber optic
cables, pharmaceuticals, and semiconductors) whose performance is enhanced in
microgravity, on orbital production platforms, and safely returning them to Earth via its
proprietary autonomous re-entry capsules. Through this, Varda is accelerating the

establishment of a commercial space manufacturing market.

Technical and Clinical Details

At the core of Varda Space Industries' business model is leveraging the unique physical
advantages offered by the microgravity environment. On Earth, gravitational forces like
convection and sedimentation can negatively impact material quality and structure. In
the weightlessness of space, these phenomena are suppressed, leading to significant

quality improvements in the following areas:

e Pharmaceuticals: Improves the uniformity and purity of protein crystallization,
contributing to the development of more effective drugs with fewer side effects

(successful demonstration with the anti-HIV drug Ritonavir).

¢ Fiber Optic Cables: Enables the manufacturing of ultra-low-loss, high-quality optical
fibers deemed impossible on Earth, dramatically expanding the bandwidth of next-

generation communications.

e Semiconductors: Facilitates defect-free crystal growth, contributing to the realization

of high-performance electronic devices.

The company utilizes launch services from SpaceX and Blue Origin to send its
manufacturing modules into space. After manufacturing is complete, re-entry capsules
carrying the products autonomously re-enter Earth's atmosphere and descend precisely
to designated landing sites. This integrated process addresses logistical challenges of

space manufacturing, enhancing its commercial viability.



Background and Industry Context

The space industry is undergoing a dramatic transformation, with dramatically reduced
launch costs due to advancements in reusable rocket technology, leading to new
commercial opportunities. Varda Space Industries is striving to establish manufacturing
as a critical sector within this new space economy. In the pharmaceutical sector, Redwire,
SpacePharma, and Orbital Medicine are also focusing on microgravity drug
manufacturing, and international regulatory frameworks are evolving, exemplified by the
UK's publication of a regulatory pathway for space-manufactured medicines. Varda's
fundraising demonstrates high private investment interest in this growing market,

accelerating the development of the space manufacturing ecosystem.

Strategic Significance and Outlook

Varda Space Industries' endeavors clearly illustrate a future where space is not merely a
site for exploration but a ‘commercial factory' that complements Earth's industries and
generates new high-value products. The company is accelerating in-orbit manufacturing
of products difficult to produce on Earth, including pharmaceuticals, hypersonic test
articles, and fiber optics. This will enhance the resilience of Earth's supply chains and
bring new value to the global economy. Future challenges include scaling up
manufacturing processes and further optimizing cost efficiency, but Varda, with its strong
technical team and ample funding, is expected to solidify its position as a pioneer in this
field.

Source: https://forgeglobal.com/varda-space-industries_ipo/
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#25 Auburn University and NASA Demonstrate Direct
In-Space Manufacturing Process for Electronic
Components in Microgravity

Published June 25, 2026  3DPrint.com USA

| overview

A research team from Auburn University and NASA Marshall Space Flight Center has
demonstrated a novel additive manufacturing (AM) process capable of directly
producing electronic components in space. Published in npj Advanced Manufacturing,
this groundbreaking study shows that conductive silver and copper structures can be
efficiently fabricated in microgravity using a dry, ink-free printing process. This
technology opens possibilities for on-demand repair of faulty electronics and
customized manufacturing of components for future space missions, promising to

significantly enhance space exploration's autonomy and sustainability.
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Key Findings

A collaborative research team from Auburn University and NASA Marshall Space Flight
Center has demonstrated an innovative additive manufacturing (AM) process capable of
directly producing electronic components in space. Published in npj Advanced
Manufacturing, this study showcases an ink-free, dry printing process that efficiently
fabricates conductive silver and copper structures in microgravity, significantly
expanding the possibilities for on-demand electronics manufacturing for future space
missions. This breakthrough holds the potential to dramatically enhance the autonomy

and sustainability of space exploration.

Technical and Clinical Details

The developed additive manufacturing process is based on a specialized dry printing
technique. This technology combines the behavior of particles in a microgravity
environment with thermal processing to directly form metallic structures without
requiring conductive inks or liquids. In experiments, silver and copper microparticles
were deposited in a controlled manner in microgravity, then locally sintered by heat to
produce conductive circuits and components. The microgravity environment facilitates
uniform material deposition and dense structure formation, which are challenging to
achieve on Earth. This process paves the way for astronauts to manufacture necessary
spare parts for spacecraft repairs, or custom electronic circuits for specific scientific
experiments, directly in orbit. This capability would reduce the need for costly and time-

consuming resupply missions from Earth.



Background and Industry Context

Current space missions rely on all electronic components being manufactured on Earth
and undergoing rigorous testing before launch. However, in deep space or long-
duration missions, unexpected failures or changes in mission objectives may necessitate
new electronic components. Resupply from Earth comes with challenges of time
constraints, high costs, and payload limitations. On-demand in-space manufacturing
offers a direct solution to these problems, enhancing the flexibility and resilience of
space exploration. As researchers at Vanderbilt University are developing radiation-
hardened devices, the reliability of electronics in the space environment is paramount,
and this manufacturing technology could contribute to the in-situ production of such

durable components.Strategic Significance and Outlook

The establishment of this technology for direct electronic component manufacturing in
space will have a transformative impact on future lunar bases and Mars exploration
missions. Astronauts will be able to produce new components on-site, rather than relying
on Earth for repairing faulty parts. This could increase mission autonomy, extend
durations, and reduce costs. Furthermore, this technology might be applied to
manufacture infrastructure components necessary for constructing habitats on the Moon
or Mars. In the long term, it could lead to the development of unique electronic
materials utilizing the space environment, and is expected to become a crucial pillar in

accelerating the growth of the space manufacturing ecosystem.

Source: https://3dprint.com/327471/study-shows-electronics-could-be-manufactured-directly-in-

space/amp/
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#26 US Targets 100kW Lunar Nuclear Reactor by 2030,

Countering China-Russia Plan, with NASA's SR-1
Freedom Launching in 2028

Published June 19, 2026  Autonocion.com USA

| overview

The United States has set an ambitious goal to land a 100-kilowatt lunar nuclear
reactor by 2030, prompted by China and Russia's announcement of a joint lunar
reactor development between 2033 and 2035. Ahead of this, NASA is advancing plans
to launch the small interplanetary fission reactor 'Space Reactor-1 Freedom' by late
2028. This mission will function as a nuclear electric propulsion system and include
the 'Skyfall' payload delivering three Mars helicopters. This move highlights
intensifying international competition to secure sustainable energy sources vital for

long-duration lunar stays and deep space exploration.
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Key Findings

The United States has formally announced a national goal to land a 100-kilowatt nuclear
reactor on the Moon by 2030. This objective reflects the intensifying competition in
space nuclear energy utilization, following China and Russia's public declaration of a joint
lunar nuclear power plant development between 2033 and 2035. As a critical step
towards achieving this goal, NASA is advancing plans to launch the small interplanetary
fission reactor 'Space Reactor-1 Freedom (SR-1 Freedom)' by late 2028. SR-1 Freedom

will be key to energy independence for lunar and deep space exploration.

Technical and Clinical Details

The 100-kilowatt lunar nuclear reactor planned by the U.S. will provide a stable power
supply to sustain a base continuously, even during the Moon's two-week-long nights.
This is indispensable in extreme environments where solar power alone is insufficient.
SR-1 Freedom is designed to demonstrate Nuclear Electric Propulsion (NEP) in deep
space, enabling faster and farther missions with significantly less fuel than traditional
chemical propulsion systems. For instance, NEP holds the potential to reduce crewed
travel time to Mars to under 90 days. The SR-1 Freedom mission also includes the
‘Skyfall' payload, delivering three Mars helicopters, which will demonstrate new
exploration capabilities in the Martian atmosphere. These systems are designed for high
radiation tolerance and remote operability, ensuring safety and reliability in the space

environment.

Background and Industry Context

The use of nuclear technology in space is crucial for providing stable power and
propulsion for deep space exploration and the construction of lunar and Martian bases.
Historically, the U.S. Department of Energy's (DOE) System for Nuclear Auxiliary Power
(SNAP) program pioneered the development of compact reactors, such as SNAP 10A,
which generated over 500 watts of power in orbit for 43 days in 1965. China and Russia's
lunar nuclear power plant plans highlight a new race for strategic advantage in space,
requiring the U.S. to counter and reassert its technological leadership. NASA's Artemis
program aims to establish a sustained human presence on the Moon, and nuclear

energy is an essential component for its realization.



Strategic Significance and Outlook

The U.S. lunar nuclear reactor initiative and the launch of SR-1 Freedom will dramatically
enhance the feasibility of long-duration lunar stays and crewed missions to Mars. Stable
power supply will provide the foundation for scientific research, resource extraction, and
ultimately, the establishment of extraterrestrial habitats. This technological development
race is expected to accelerate innovation across the entire space industry, creating new
supply chains and commercial opportunities. The safe and efficient use of nuclear energy
in space will be one of the most critical steps in enabling humanity's expansion

throughout the solar system.

Source: https://www.autonocion.com/us/america-nuclear-reactor-moon/
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#27 TechRadar Analysis: Space Evolves into Next
Network Edge, Resolving Earth Observation Data
Bottlenecks with On-Orbit Processing

Published June 19, 2026 TechRadar UK
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| overview

TechRadar analyzes that space is rapidly evolving into the next network edge,
potentially reducing bandwidth requirements and accelerating insights by processing
vast amounts of image and sensor data from Earth observation systems directly in
orbit. Due to space constraints (launch capacity, radiation, power generation, cooling,
physical size), orbital computing resources may be smaller and more specialized than
terrestrial hyperscale infrastructure. This is expected to complement terrestrial data

center challenges and play a crucial role in delivering Al services globally.
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Key Findings

According to TechRadar's analysis, space is rapidly evolving into the 'next network edge,'
holding the potential to eliminate bandwidth bottlenecks in data transmission to Earth
and enable faster insights. This is achieved by processing a significant portion of the
enormous volume of image and sensor data generated by Earth observation systems
directly in orbit. This utilization of in-orbit computing capabilities alleviates the burden

on terrestrial infrastructure and redefines global data processing capabilities.

Technical and Clinical Details

Space edge computing is primarily realized by integrating high-performance processing
capabilities into constellations of small satellites deployed in Low Earth Orbit (LEO).
These satellites communicate with each other via high-speed laser links, such as Free-
Space Optical Inter-Satellite Links (FSO ISL), and interface with terrestrial gateways.
Orbital computing resources, unlike terrestrial hyperscale data centers, will feature more
compact and specialized designs to accommodate the constraints of the space
environment (limited launch capacity, radiation tolerance, power generation, cooling
requirements, and physical size). For instance, Al chips must be highly radiation-tolerant
and energy-efficient. By pre-processing large volumes of raw data acquired by Earth
observation satellites in orbit (e.g., filtering, compression, feature extraction), the amount
of data transmitted to Earth can be significantly reduced, allowing users to receive
analyzed results in near real-time. This accelerates decision-making in fields such as

disaster monitoring, agricultural management, defense, and intelligence gathering.



Background and Industry Context

The number of Earth observation satellites is continuously increasing, with data volumes
growing from terabytes to petabytes daily. Efficiently processing this immense data and
transforming it into valuable information places a significant burden on terrestrial data
centers and communication infrastructure. The deployment of mega-constellations like
SpaceX's Starlink has provided the technological foundation for positioning numerous
‘computing nodes' in space. Furthermore, the advancement of Al technology enables
autonomous data processing at these edge nodes, transforming space from merely a
data collection site into a hub for data processing and analysis. Space-based Al
infrastructure will integrate with terrestrial cloud computing to play a crucial role in

enhancing global data availability and resilience.

Strategic Significance and Outlook

As space becomes the next network edge, high-performance Al services will become
available in any location on Earth, particularly in remote areas that previously lacked
communication infrastructure. This will contribute to bridging the digital divide and
creating new economic opportunities. Furthermore, space-based edge computing can
enhance security and privacy, potentially being used for processing sensitive military and
intelligence data. Future efforts will focus on improving satellite onboard processing
capabilities, further developing optical communication technologies, and establishing an
optimal balance between in-orbit data processing and downlink to Earth. Space is
expected to become an indispensable infrastructure that dramatically enhances

humanity's global connectivity and information processing capabilities.

Source: https://www.techradar.com/pro/space-as-the-next-network-edge-the-evolution-of-global-

connectivity
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#28 Toyoda Gosei Diversifies into Space Tech with
Investment in Japanese Startup ElevationSpace,
Targeting High-Frequency Payload Return with Heat-
Resistant Small Satellites

Published June 26, 2026  ERJ (European Rubber Journal) Japan

| overview

Toyoda Gosei announced its diversification into the space technology sector through
an investment in ElevationSpace Inc.,, a Tohoku University-originated space startup in
Japan. ElevationSpace is developing reusable small satellites utilizing heat-resistant
materials, enabling more frequent return of payloads and research results to Earth.
This strategic investment aims to create opportunities for Toyoda Gosei to apply its
material technologies, honed in automotive parts manufacturing, to the space
domain, establishing itself as a key supplier in Japan's space industry. Dai Nippon
Printing also has a capital and business alliance with ElevationSpace, accelerating

Japanese corporate entry into space.
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Key Findings

Toyoda Gosei has announced an investment in ElevationSpace Inc., a space startup spun
out of Tohoku University, thereby advancing its diversification into the space technology
sector. ElevationSpace specializes in developing reusable small satellites that utilize
advanced heat-resistant materials, enabling more frequent and efficient return of
experimental payloads and manufactured research results from orbit to Earth. This
investment marks a strategic move for Toyoda Gosei to apply its precise material
manufacturing technologies and expertise, cultivated in the automotive industry, to the

growing space sector.

Technical and Clinical Details

The reusable small satellites developed by ElevationSpace center on lift-controlled re-
entry technology. This technique precisely controls the aerodynamic properties of the
satellite during re-entry into Earth's atmosphere, allowing for safe and accurate landing
at designated locations. Innovative heat-resistant materials are indispensable, particularly
for protecting the payload from the immense heat generated during hypersonic re-entry.
Toyoda Gosei is expected to contribute to the development of lightweight, high-
strength, and highly heat-resistant composite materials by applying its compounding
and precision processing technologies for rubber and resins, accumulated over years of
automotive parts manufacturing. This will reduce satellite weight while enhancing the
safety of re-entry capsules. This technology is key to overcoming the 'space logistics'
bottleneck, enabling rapid and reliable return of samples obtained from in-orbit research

and manufacturing to Earth.



Background and Industry Context

In recent years, commercial activities in Low Earth Orbit (LEO) have intensified, leading to
a rapidly growing need for retrieving in-orbit experimental results and manufactured
products from fields such as microgravity pharmaceutical development, new material
creation, and semiconductor manufacturing. Traditional retrieval methods have been
costly and infrequent, making innovative re-entry technologies like ElevationSpace's a
cost-effective solution to this challenge. Dai Nippon Printing (DNP) has also formed a
capital and business alliance with ElevationSpace, indicating that major Japanese
corporations are contributing to the formation of a new ecosystem in the space industry.
This represents a significant move to enhance Japan's presence in the global space

economy.

Strategic Significance and Outlook

Toyoda Gosei's investment in ElevationSpace goes beyond mere financial contribution,
reflecting technological synergy and a long-term growth strategy. ElevationSpace's
reusable small satellite technology will facilitate in-space manufacturing of high-value
products such as pharmaceuticals, semiconductors, and advanced materials, ultimately
bringing new value to terrestrial industries. Furthermore, this technology is expected to
find applications in cargo transportation and sample return missions for future lunar
base construction and Mars exploration. The entry of established industry leaders like
Toyoda Gosei into the space sector is anticipated to strengthen the entire space industry

supply chain and accelerate Japan's technological innovation.

Source: https://www.european-rubber-journal.com/article/2099344/toyoda-gosei-diversifies-into-space-

tech-with-investment-in-japanese-startup
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#29 ElevationSpace Secures $40M Backed by DNP and
Toyoda Gosei for Satellite Re-entry Technology,
Targeting 2029 ISS Demonstration

Published June 23, 2026  TechCrunch  Japan
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| overview

Japanese space startup ElevationSpace has completed a $40 million Series B funding
round, including support from Dai Nippon Printing (DNP) and Toyoda Gosei, for the
development of satellite re-entry technology. The company is collaborating with JAXA
and aims for a technology demonstration on the International Space Station (ISS) in
2029. This funding represents a critical step for ElevationSpace to establish in-orbit
research, manufacturing, and retrieval services, paving the way for ambitious future
goals like Mars landings and crewed return missions. It is expected to significantly
contribute to the commercialization and international competitiveness of Japan's

space industry.
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Key Findings

Japanese space startup ElevationSpace has completed a $40 million Series B funding
round, including support from major Japanese corporations Dai Nippon Printing (DNP)
and Toyoda Gosei, to accelerate the development of its satellite re-entry technology. This
funding provides a strong impetus for the company's technological development and
business expansion. ElevationSpace is collaborating with JAXA (Japan Aerospace
Exploration Agency) and aims for a technology demonstration on the International Space
Station (ISS) in 2029, a critical step toward realizing in-orbit research, manufacturing, and

retrieval services.

Technical and Clinical Details

The satellite re-entry technology being developed by ElevationSpace enables the safe
and cost-effective return of in-orbit experimental results and manufactured products to
Earth. The core of this technology lies in its lift-controlled re-entry system and high-
performance heat-resistant materials crucial for protecting payloads from the extreme
heat during re-entry. The company will support in-orbit research, development, and
manufacturing with its uncrewed platform 'ELS-R' and accelerate the commercialization
of in-space manufacturing by offering a high-frequency payload retrieval service 'ELS-
RS'. DNP will provide expertise in material testing and evaluation, while Toyoda Gosei will
contribute to the development of heat-resistant materials by applying its material
technologies honed in automotive parts manufacturing. These technological
collaborations will enhance the reliability and safety of re-entry capsules, making

logistics between space and Earth more efficient.



Background and Industry Context

With the increasing commercial activities in Low Earth Orbit (LEO), there is a rapidly
growing need to retrieve products and samples developed or manufactured in space
back to Earth. International companies like Varda Space Industries are also developing
similar re-entry services, intensifying global competition in this sector. ElevationSpace's
funding indicates Japan's ambition to play a leading role in this new space economy.
Support from major Japanese industries goes beyond mere capital injection; it also
fosters technological collaboration and supply chain strengthening, promoting the
overall growth of Japan's space industry. Collaboration with JAXA is essential for

enhancing technology reliability and ensuring compliance with international standards.

Strategic Significance and Outlook

ElevationSpace aims to fully deploy its in-orbit research, manufacturing, and retrieval
services, starting with the ISS technology demonstration in 2029. This service will bring
new opportunities to high-value sectors such as pharmaceutical development, new
material creation, and semiconductor manufacturing. The company also envisions
applying its technology to even more ambitious missions like Mars landings and crewed
retrieval in the future, expanding the frontier of Japan's space technology. This
investment and technological development will be a crucial step for Japan to strengthen
its international competitiveness in the space industry and become a central player in the

global space economy.

Source: https://matthewbernard776320.substack.com/p/shield-ai-acquistions-japan-builds
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| overview

Vast has significantly expanded its microgravity research and manufacturing network
by signing Memoranda of Understanding with key partners including UC San Diego's
Sanford Stem Cell Institute, Auxilium Biotechnologies, LambdaVision, and BioOrbit.
This network aims to support research and technology development on Haven
Station, its next-generation commercial space station. The initiative specifically targets
accelerating breakthroughs in cutting-edge fields such as stem cell science,
regenerative medicine, bioprinting, and protein pharmaceutical crystallization in

microgravity, establishing space as a new hub for medical innovation.
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Key Findings

Vast, a commercial space station developer, has significantly expanded its microgravity
research and manufacturing network by signing Memoranda of Understanding (MOUs)
with leading research institutions and companies, including UC San Diego's Sanford
Stem Cell Institute, Auxilium Biotechnologies, LambdaVision, and BioOrbit. This strategic
network aims to support research and technology development on Vast's next-
generation commercial space station, Haven Station. This expansion is expected to
accelerate groundbreaking advancements in cutting-edge fields such as stem cell
science, regenerative medicine, bioprinting, and protein pharmaceutical crystallization in

a microgravity environment.

Technical and Clinical Details

The microgravity environment enables specific biological and physical processes that are
difficult to achieve on Earth. For example, without gravitational stress, stem cells can
proliferate and differentiate more uniformly and in a more controlled manner. This opens
new avenues for tissue engineering and cell therapies in regenerative medicine.
Bioprinting technology in microgravity has the potential to create more complex and
precise 3D biological structures (organ and tissue models), which can accelerate drug
discovery and disease research. Furthermore, in protein pharmaceutical crystallization,
the microgravity environment promotes the formation of larger, purer, and structurally
perfect crystals, which can lead to improved drug efficacy and reduced side effects (as
demonstrated by LambdaVision with protein-based artificial retinas). Vast's Haven
Station will provide a stable microgravity environment for these researchers to conduct

long-duration experiments safely and efficiently.



Background and Industry Context

Decades of research on the International Space Station (ISS) have clearly demonstrated
the unique benefits that microgravity offers to life sciences and materials science.
Currently, the development of commercial space stations to succeed the ISS is
accelerating, with Vast being one of the key players. Companies such as Varda Space
Industries and Redwire are also entering the microgravity manufacturing market, and
private investment in this sector is rapidly increasing. The UK's publication of a
regulatory pathway for space-manufactured medicines is another significant
international development supporting the growth of this industry. Vast's network
expansion is part of a broader trend transforming space from merely a site for
exploration into an innovative manufacturing and research hub that addresses Earth's

medical needs.

Strategic Significance and Outlook

Vast's expanded microgravity research and manufacturing network will accelerate the
development of groundbreaking therapies in stem cell science, regenerative medicine,
and bioprinting. Continued research on Haven Station has the potential to provide new
insights and treatment approaches for challenging diseases such as Alzheimer's,
Parkinson's, and cancer. Furthermore, the manufacturing of higher-quality protein
pharmaceuticals will contribute to reducing the cost and duration of new drug
development and improving patient access. This network is expected to drive the growth
of the biotechnology sector within the space industry and ultimately become an
indispensable part of Earth's healthcare system. Space will play an increasingly vital role

in shaping the future of human health and well-being.

Source: https://www.vastspace.com/updates/vast-expands-microgravity-research-and-manufacturing-

network
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| overview

China and Russia are embarking on an ambitious joint space infrastructure project to
construct a nuclear power plant on the Moon, targeting operational status for a lunar
base by 2036. This strategy aims to establish a permanent human presence by
providing a sustainable power supply to overcome the Moon's challenging 14-day
lunar night, contrasting sharply with NASA's solar-centric Artemis program. Nuclear
energy is considered an indispensable technology for building enduring human
outposts beyond Earth and forms the cornerstone of their International Lunar

Research Station (ILRS) plan.
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Background

Stable, high-capacity power is paramount for any sustained human presence on the
Moon and for deeper space exploration. While solar arrays offer a viable power source,
their effectiveness is severely limited during the extensive lunar night—lasting
approximately 14 Earth days—and in the perpetually shadowed regions near the poles.
Consequently, the development of robust space nuclear power technology has emerged
as a critical priority for leading space agencies worldwide. The collaborative effort
between China and Russia on this project underscores the complex interplay of
cooperation and competition in international space relations, carrying significant

geopolitical implications for future lunar resource utilization and territorial claims.

Key Findings

China and Russia are jointly advancing an ambitious space infrastructure project to
construct a nuclear power plant on the Moon, aiming to power a lunar base with nuclear
energy by 2036. This plan, in contrast to NASA's Artemis program which focuses on solar
power and relatively shorter stays, targets establishing a permanent human presence on
the Moon by ensuring a sustainable power supply to overcome the extremely harsh
lunar environment, particularly the prolonged 14-day lunar night. Nuclear energy is
deemed essential technology for building sustainable human outposts beyond Earth and

is a key component of their International Lunar Research Station (ILRS) plan.

The lunar nuclear power plant is envisioned as central infrastructure for the International
Lunar Research Station (ILRS) program. Its primary objective is to provide an
uninterrupted power supply, critical for maintaining life support systems, operating
scientific instrumentation, and enabling resource extraction machinery, even through
periods of complete lunar darkness. The Moon's day-night cycle, with each period lasting
about 14 Earth days, presents a formidable challenge. The lunar night brings not only a
complete absence of solar energy but also plummeting temperatures. Overcoming these
conditions requires a continuous supply of heat and electricity, for which nuclear energy

is considered one of the most viable and realistic solutions for sustained operations.



To address this, China and Russia are reportedly focusing on the development of fission
reactor technologies specifically adapted for space environments. This includes concepts
such as Small Modular Reactors (SMRs) and advanced thermoelectric conversion
systems, designed for autonomous installation and operation on the lunar surface with
minimal support from Earth. This approach contrasts sharply with aspects of NASA's
Artemis program. While Artemis also recognizes the need for nuclear power for future
lunar missions, the deployment of propulsion reactors, such as the SR-1 Freedom, is
slated for late 2028, with large-scale power generation for a permanent lunar base still a
more distant prospect. China and Russia's plan adopts a different strategic timeline,
prioritizing the earlier establishment of a robust lunar nuclear power generation

capability.

Achieving the goal of an operational lunar nuclear power plant by 2036 would mark a
pivotal milestone in human lunar exploration. Such a capability would significantly
accelerate scientific research, enable extensive resource extraction, and crucially, pave
the way for the construction of permanent human habitats on the Moon. Moreover, the
mastery of space nuclear power technology is indispensable not just for lunar endeavors,
but also for future crewed missions to Mars and ambitious deep-space exploration,

fundamentally expanding the horizons of human activity in the cosmos.

Source: https://m.youtube.com/watch?v=wgAs7ys39zE
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| overview

Assistant Professor Mona Ebrish at Vanderbilt University, backed by a DARPA grant, is
developing radiation-hardened wide-bandgap (WBG) power devices designed to
withstand the extreme radiation of space. Her research aims to significantly boost the
radiation tolerance of power conversion devices, enabling efficient power generation
and distribution for future space-based data centers and human habitats. This vital
technology is crucial for sustainable deep space exploration and robust space

infrastructure.
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Background

The rapidly expanding frontier of space, marked by ambitions for space-based data
centers and extended human missions to the Moon and Mars, underscores the
escalating importance of reliable power supply and management. Terrestrial power
technologies, proven for Earth's relatively benign environment, are largely inadequate for
the unique and harsh conditions of space. This critical gap necessitates breakthroughs in
new materials science and device engineering specifically tailored for off-world
applications. Professor Mona Ebrish's pioneering research at Vanderbilt University
directly addresses this imperative, laying a foundational path for next-generation space

infrastructure.

Key Findings

Professor Ebrish, with significant backing from the Defense Advanced Research Projects
Agency (DARPA), is spearheading the development of highly resilient, wide-bandgap
(WBG) power devices. This foundational work focuses on dramatically improving the
radiation tolerance of power conversion devices, which are indispensable for enabling
efficient power generation and distribution within future space-based data centers and

long-duration human habitats beyond Earth.

In the unforgiving vacuum of space, particularly beyond Earth's protective Van Allen
belts, electronics face a relentless barrage of high-energy radiation from galactic cosmic
rays (GCRs) and solar proton events (SPEs). This radiation is a leading cause of damage,
failure, and premature performance degradation in conventional silicon-based electronic
devices, rendering them unreliable for critical applications like space data centers and

long-duration crewed missions where power system reliability is paramount.

To overcome this, Professor Ebrish's team is focused on wide-bandgap (WBG)
semiconductor materials like silicon carbide (SiC) and gallium nitride (GaN). These
advanced materials inherently offer superior voltage tolerance, temperature resistance,
and, crucially, significantly higher radiation hardness compared to traditional silicon.
Their unique electronic properties allow for the suppression of charge carrier generation
induced by radiation and minimize structural damage, ensuring stable and robust device

operation in the extreme space environment.



The research entails the meticulous design and optimization of critical power conversion
devices—such as power converters and inverters—using these WBG materials. These
devices are essential for efficiently transforming electricity, whether from solar arrays or
future fission reactors, into the precise voltages and frequencies required by spacecraft
systems and sophisticated data center electronics. This enhanced radiation tolerance is
projected to drastically reduce failure rates over extended space missions, thereby

lowering maintenance costs and mitigating significant mission risks.

The DARPA grant is instrumental in accelerating this high-risk, high-reward endeavor.
Robust and reliable electronic devices are a strategic priority for defense agencies, vital
for next-generation communication and reconnaissance satellites, as well as future space

defense architectures.

This pioneering work by Vanderbilt University is poised to provide foundational
technology for sustainable computational and life support capabilities in space. The
commercialization of these radiation-hardened WBG power devices promises to
profoundly enhance the efficiency and reliability of space-based data centers,
dramatically increasing the safety and feasibility of deep space exploration. Looking
ahead, this technology is anticipated to become a cornerstone of the energy
infrastructure for lunar bases and crewed Mars missions, significantly expanding the

horizons of human activity in the cosmos.

Source: https://engineering.vanderbilt.edu/2026/06/23/vanderbilt-researcher-mona-ebrish-engineers-

radiation-hardened-devices-for-space/
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I OVERVIEW

Space and aerospace technologies are no longer niche, but powerful drivers of
innovation across advanced manufacturing. Advanced materials—Ilike high-
performance composites and heat-resistant alloys developed for extreme space
environments—are now widely adopted in terrestrial sectors such as automotive,
energy, and industrial equipment. This cross-sector innovation is further amplified by
additive manufacturing techniques, honed for complex space components,

accelerating a broader manufacturing transformation.
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Background

Investment in space development is recognized not just as scientific exploration but also
as a powerful engine for innovation and economic growth. Technologies developed for
the space industry often "spin off" into terrestrial industries, creating new markets and
jobs. The European Union (EU), through research and development programs like
Horizon Europe, actively promotes collaboration between space technologies and
ground industries, aiming to strengthen overall European competitiveness. Such cross-
sector innovation is key to addressing challenges faced by modern manufacturing,

including sustainability, resource efficiency, and industrial digitalization.

Key Findings

Aerospace and space technologies are no longer niche domains but powerful drivers of
innovation across Europe's advanced manufacturing sector. Advanced materials like
high-performance composites and heat-resistant alloys, developed for spacecraft to
endure extreme temperatures, radiation, and mechanical stress, are now widely applied
in terrestrial industries such as automotive, energy systems, and industrial equipment,
pushing the technological boundaries of manufacturing. Furthermore, the rise of additive
manufacturing (3D printing) techniques, refined for space component production,
further reinforces this cross-sector synergy and accelerates manufacturing

transformation.

Key Technologies and Terrestrial Applications

¢ High-Performance Composite Materials: In space applications, lightweight, high
strength, and heat resistance are paramount. Carbon fiber reinforced polymers (CFRP)
and ceramic matrix composites (CMC) were developed to meet these requirements
and are now utilized in diverse fields such as high-performance automotive body
structures, aircraft engine components, wind turbine blades, and sports equipment.
These materials contribute to improved fuel efficiency and extended product

lifespans.



¢ Heat-Resistant Alloys: To withstand the extreme high-temperature environments of
rocket engines and re-entry capsules, heat-resistant alloys like nickel-based
superalloys and titanium alloys have been developed. These alloys are now
repurposed for components in terrestrial energy industries (gas turbines, nuclear
power), oil and gas industries, and even medical implants, where exposure to high

temperatures and corrosion is common.

¢ Additive Manufacturing (3D Printing): Space components demand complex
geometries, lightweighting, and improved reliability through monolithic integration.
Metal 3D printing technologies such as Selective Laser Melting (SLM) and Electron
Beam Melting (EBM) have evolved to meet these demands. Today, they are adopted
across all stages of manufacturing, including automotive prototyping, custom medical
implants, and high-performance industrial machine parts, contributing to increased

design freedom and reduced production lead times.

e Extreme Environment Technologies: Sensors, electronic components, and coating
technologies developed for the vacuum, radiation, and thermal cycling of space are
increasingly being applied in special terrestrial environments (e.g., nuclear facilities,

deep-sea exploration, medical devices).

Strategic Significance & Outlook

The synergy between space technology and manufacturing is expected to deepen
further, creating new opportunities for value creation. Particularly, with the advancement
of commercial manufacturing and materials testing in Low Earth Orbit (LEO), a future
where ultra-high-performance materials and products, difficult to manufacture on Earth,
are produced in space and supplied to terrestrial industries is becoming a reality. This
trend has the potential to revolutionize manufacturing processes themselves and enrich

our lives and society by providing more advanced and sustainable products.

Source: https://www.effra.eu/news/did-you-know-manufacturing-is-moving-closer-to-space-

technologies/
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I OVERVIEW

Space-based optical communication technology is dramatically reducing synthetic
aperture radar (SAR) data transmission latency and accelerating the realization of
orbital Al data centers. Capella Space's Acadia-10, featuring an Optical
Communications Terminal (OCT), demonstrates the potential to deliver SAR data from
acquisition to ground in minutes or less using free-space laser links. Concurrently, the
standardization of inter-satellite optical links (ISL) in Low Earth Orbit (LEO)
constellations, championed by giants like SpaceX and Amazon, is establishing a high-

bandwidth, secure optical backbone in space.
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Background

With the explosive growth in data generation, the demand for Earth observation
satellites and Al computing is surging. However, traditional RF communication, with its
limited bandwidth, has been a bottleneck for high-speed processing and transmission of
vast amounts of space data. Optical communication, offering significantly broader
bandwidth and higher security compared to RF, is gaining global attention as the next-
generation space communication infrastructure. Space agencies and private companies

worldwide are actively investing in its commercialization.

Key Findings

Optical communication technologies in space are bringing breakthroughs that
dramatically reduce data transmission latency—a major challenge for Synthetic Aperture
Radar (SAR) satellites—and are accelerating the realization of space-based Al data
centers. The Optical Communications Terminal (OCT) on Capella Space's Acadia-10
satellite demonstrated the potential to shorten the time from SAR data acquisition to
delivery to the ground to minutes or even less, by utilizing free-space laser links instead
of radio frequency signals. Concurrently, the standardization of inter-satellite optical links
(ISL) in Low Earth Orbit (LEO) satellite constellations is progressing, with companies like
SpaceX and Amazon driving the construction of space-based optical communication

backbone networks, enabling high-bandwidth and secure data transfer.

Technical Details

¢ Improved SAR Data Transmission: The OCT aboard Capella Space's Acadia-10
satellite transfers the immense volume of high-resolution data acquired by SAR
satellites to relay nodes in space almost in real-time via optical inter-satellite links.
This significantly overcomes bandwidth limitations and latency issues encountered
with traditional RF communication, drastically reducing the time from tasking to
delivery. This high-speed data transfer enables highly time-sensitive information

delivery for disaster response, defense, and environmental monitoring.



¢ Evolution of Intersatellite Optical Links (ISL): The vacuum of space provides a
more advantageous transmission environment than Earth, allowing light to be
transmitted directly without cables. Leveraging this property, as LEO satellite
constellations grow, the standardization of ISL—connecting satellites directly via
optical links—is advancing. Mega-constellations like SpaceX's Starlink and Amazon's
Kuiper are building space-based optical communication backbone networks centered
on ISL, not only providing global high-speed internet access but also enhancing data

processing capabilities in space.

e Application to Al Data Centers: On-orbit computing is essential for low-latency
applications and defense systems where terrestrial infrastructure is vulnerable. High-
bandwidth ISL technology is critical for meeting the networking requirements of
large-scale ML (Machine Learning) clusters in space-based Al data centers, potentially

enabling high scalability while minimizing impact on Earth's resources.

¢ Dual-Use Potential: Companies like Transcelestial and Mynaric are focusing on
optical inter-satellite communication using laser links, advancing secure, high-speed
data transfer in orbit. While these laser systems are not inherently designed for
weaponization, the broader trend of laser technology operating in space also

suggests potential dual-use capabilities in defense and counter-space strategies.

Strategic Significance & Outlook

Advances in optical communication technology in space will not only streamline SAR
data transmission but also accelerate the realization of space-based Al data centers,
dramatically enhancing global connectivity and information processing capabilities. This
could enable an expansion of services to remote areas, improved resilience, and entirely
new competitive advantages in conjunction with terrestrial edge computing.
Furthermore, this technology holds significant implications for the defense sector,
potentially redefining the space security environment, and its future developments

warrant close attention.

Source: https://www.capellaspace.com/resources/solving-sars-largest-bottleneck-how-acadia-10s-optical-

communications-terminal-is-redefining-latency
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| overview

Premier Graphene is introducing a novel graphene material, distinguished by its
exceptional strength-to-weight ratio, high thermal conductivity, and robust radiation
resistance, specifically targeting high-performance applications in the burgeoning
space and aerospace sectors. The company's unique, biomass-derived manufacturing
process promises significant advantages in cost and sustainability over conventional
methods, positioning it as a competitive solution for critical applications such as
satellite components, spacecraft thermal management, deep-space radiation

shielding, and advanced power generation substrates.
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Background

The space industry is experiencing a surge in demand for advanced materials
technologies, driven by falling launch costs and escalating commercialization efforts. This
necessitates innovative materials capable of enduring extreme space environments while
enhancing mission performance and overall sustainability. Graphene, often lauded as a
‘miracle material' due to its unparalleled properties, holds immense potential across
various sectors. However, its widespread adoption has been hampered by high
manufacturing costs and challenges in establishing mass production. Premier Graphene's
novel biomass-derived manufacturing process aims to overcome these hurdles,

potentially accelerating graphene's commercial viability.

Key Findings

Premier Graphene is strategically positioning its advanced graphene material,
characterized by an exceptional strength-to-weight ratio, superior thermal conductivity,
and remarkable radiation resistance, as a cornerstone high-performance material for the
burgeoning aerospace and space sectors. The company's distinct approach to producing
graphene from biomass feedstock presents significant advantages in both cost-
effectiveness and environmental sustainability compared to traditional manufacturing

methods, thereby bolstering its competitive edge in this rapidly expanding market.

The material's outstanding properties are particularly suited for the extreme demands of

space:

e Strength-to-Weight Ratio: Exceeding 200 times that of steel while being incredibly
lightweight, it promises substantial reductions in spacecraft and satellite mass,

translating directly into lower launch costs and increased payload capacities.

¢ Thermal Conductivity: Surpassing that of any known material, it is crucial for the
efficient cooling of sophisticated spacecraft electronics and enhancing the

performance of vital thermal management systems, such as radiators.

¢ Radiation Resistance: Offering robust resilience to the harsh radiation environment
of space (including galactic cosmic rays and solar proton events), it is a promising

candidate for shielding astronauts and sensitive instruments in deep-space missions.



Premier Graphene's innovative biomass-derived manufacturing process stands out as
a game-changer. By utilizing biological resources as feedstock, this sustainable method
holds the potential to drastically lower production costs and reduce the environmental
footprint compared to conventional techniques like Chemical Vapor Deposition (CVD) or
redox methods. This cost efficiency is paramount for enabling the large-scale

deployment of graphene across high-growth applications.
The technology is poised to unlock a range of critical applications:

e Satellite Structural Components: Contributing to the miniaturization and
performance enhancement of satellites through lightweight and high-strength

construction.

e Spacecraft Thermal Management Systems: Ensuring efficient heat dissipation,
extending the operational lifespan, and improving the reliability of on-board

electronic devices.

¢ Radiation Shielding for Deep Space Missions: Offering a novel and effective
protective layer for human crews and precision instrumentation against space

radiation hazards.

¢ Next-Generation Power Generation Substrates: Enhancing the efficiency of space-

based solar power systems and other on-board power sources.

Premier Graphene's technology represents a potentially transformative advancement in
materials science for the aerospace and space sectors. By delivering high-performance
graphene through sustainable and cost-effective means, it is set to accelerate the
development of next-generation spacecraft, satellites, and deep-space exploration
capabilities. This innovative material will not only support the growth of the space
economy but also contribute to safer and more efficient space activities, with future
potential for widespread adoption across terrestrial industries, spearheading a

sustainable materials revolution.

Source: https://markets.businessinsider.com/news/stocks/premier-graphene-eyes-space-and-aerospace-
applications-1036267954
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| overview

A recent J.P. Morgan analysis forecasts that advancements in reusable rocket
technology, coupled with decreasing per-kilogram costs to orbit and expanded lift
capabilities, are accelerating the commercial realization of Space-Based Solar Power
(SBSP). This paradigm shift is poised to dramatically broaden the space industry
beyond traditional contractors, integrating new players from solar panel
manufacturers to specialized tech providers. Increased global defense spending is

also identified as a significant catalyst for this burgeoning space economy.
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Background

For decades, the space industry operated largely under the purview of governments and
a select group of large contractors. The advent of the "New Space" era, propelled by
private ventures such as Elon Musk's SpaceX and Jeff Bezos' Blue Origin, has dramatically
accelerated innovation and fostered intense cost competition. This shift coincides with
urgent global challenges like climate change and energy security, which are driving
increased interest in transformative solutions such as Space-Based Solar Power (SBSP).
Simultaneously, the evolving international security landscape has established space as a
critical new defense frontier, stimulating significant investment in related technological
advancements. J.P. Morgan's analysis suggests that these converging factors are poised
to drive exponential growth, transforming the space industry into a broader, more
dynamic "space economy" that transcends traditional boundaries and integrates diverse

technologies and business models.

Key Findings

J.P. Morgan's analysis highlights several critical trends and predictions poised to reshape

the space economy:

¢ Reusable Rocket Technology Drives Feasibility: Innovations such as SpaceX's
Starship are drastically reducing launch costs, enabling frequent and large-volume
payload delivery to orbit. This makes large-scale space infrastructure projects,
including Space-Based Solar Power (SBSP), economically viable, transitioning them

from conceptual designs toward commercial reality.

e Exponential Decrease in Cost to Orbit: The cost of transporting material to orbit is
rapidly falling from thousands of dollars per kilogram to potentially tens of dollars.
This exponential reduction is a key catalyst for the broader commercialization of the
space industry, enabling new business models and technological developments

previously deemed cost-prohibitive.

e Space-Based Solar Power Nears Commercialization: SBSP systems, designed to
collect continuous solar energy in Earth orbit and transmit it to Earth via microwave or
laser, offer a promising sustainable energy solution. By operating without
atmospheric absorption or nighttime interruptions, SBSP can provide 24/7 energy

collection, addressing global energy challenges.



¢ Diversification of the Space Industrial Landscape: Enhanced access to space is
fundamentally transforming the traditionally vertically integrated space industry. This
shift facilitates the entry of highly specialized small and medium-sized enterprises
(SMEs) and startups, creating a diversified supply chain. Key areas for innovation
include radiation-hardened electronics, ultralight structural materials, high-

performance sensors, and space-tolerant battery technologies.

o Defense Spending as a Stable Growth Catalyst: Space remains a strategically vital
domain for military applications, including communications, reconnaissance, and
navigation. Rising geopolitical tensions are driving increased global defense
spending, which in turn stimulates the development and deployment of critical assets
like reconnaissance satellites, missile early warning systems, and robust space-based
communication networks. This sustained demand provides a stable engine for

technological innovation and growth within the space industry.

The commercial realization of SBSP alone holds the potential to supply Earth with clean
and abundant energy, significantly contributing to achieving a decarbonized society,
while consistent demand from the defense sector will continue to fuel innovation across

the sector.

Source: https://www.jpmorgan.com/insights/global-research/technology/space-economy
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