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Introduction 
 

The week of August 15-22, 2025, marked a significant period in the advancement of space 
and aerospace capabilities, characterized not by singular scientific discoveries but by a 
concerted push toward building a resilient and technologically sophisticated off-world 
infrastructure. This week's "Beyond Earth" theme focuses on the tangible steps being taken to 
forge the tools, systems, and supply chains necessary for the next era of space operations. 
The period was defined by a series of critical technology demonstrations and pivotal 
commercial milestones that lay the groundwork for future military, commercial, and 
exploratory capabilities in cislunar space and beyond. This report provides a detailed analysis 
of these pivotal developments, from revolutionary navigation systems designed for contested 
environments to the commercialization of space-grade superalloys that will redefine 
propulsion manufacturing. 

The key advancements of the week—the flight of the U.S. Space Force's X-37B with quantum 
navigation and laser communication payloads, the launch of a prototype orbital data center to 
the International Space Station (ISS), and the commercial licensing of NASA's GRX-810 
alloy—collectively signal a strategic inflection point. We are witnessing the simultaneous 
maturation of technologies for operational resilience, the digital backbone of the in-space 
economy, and the advanced manufacturing supply chain required to support it. These are not 
isolated events but interconnected components of an emerging ecosystem that will underpin 
the next generation of activity beyond Earth. 

The following table provides an at-a-glance overview of the key technological developments 



analyzed in this report. 

 

Technology/Ex
periment 

Mission/Platfor
m 

Key Partners Stated 
Objective/Cap
ability 

Strategic 
Importance 

Quantum 
Inertial Sensor 

OTV-8 
(USSF-36) 

US Space 
Force, DIU, 
Boeing 

Precise 
navigation in 
GPS-denied 
environments. 

Decouples 
critical 
military/deep 
space assets 
from GPS 
reliance, 
enhancing 
strategic 
resilience.1 

Laser 
Communicatio
ns 

OTV-8 
(USSF-36) 

US Space 
Force, AFRL, 
Boeing 

High-bandwidt
h, secure 
inter-satellite 
links with 
commercial 
networks. 

Enables hybrid 
military-comm
ercial comms 
architecture; 
foundational 
for resilient, 
high-throughp
ut data relay.2 

Orbital Data 
Center 

ISS (SpaceX 
CRS-33) 

Axiom Space, 
Red Hat, ISS 
National Lab 

In-space edge 
computing and 
real-time data 
processing. 

Foundational 
digital 
infrastructure 
for commercial 
space stations 
and in-space 
manufacturing.
4 

GRX-810 Alloy 
Commercializa
tion 

N/A (NASA 
Announcement
) 

NASA, 
Elementum 3D, 
et al. 

Commercial 
production of 
3D-printable, 
high-temperat
ure superalloy. 

Accelerates 
development 
of next-gen, 
lower-cost, 
high-performa
nce rocket 
engines and 



spacecraft 
components.5 

ISS Reboost 
Capability 

ISS (SpaceX 
CRS-33) 

NASA, SpaceX Commercial 
cargo vehicle 
performs 
station-keepin
g maneuvers. 

Expands 
commercial 
role from 
logistics to 
active 
infrastructure 
management 
and satellite 
servicing.7 

EDR Fuel Cell New Shepard 
(NS-35) 

Teledyne, 
NASA, Blue 
Origin 

Generation of 
electricity and 
water from 
H2/O2. 

Critical life 
support and 
power 
technology for 
long-duration 
lunar/Martian 
habitation.9 

 

Key Technological Breakthroughs: Forging the Tools 
for a New Era 
 

This week saw significant progress in two foundational areas of space technology: advanced 
materials science, which dictates the physical limits of spacecraft and propulsion systems, 
and next-generation avionics, which define their operational resilience and capabilities in 
complex environments. 

 

Advanced Materials for Extreme Environments: The 
Commercialization of NASA's GRX-810 Superalloy 
 

A pivotal development in the materials science domain occurred with NASA's announcement 
regarding the commercialization of its GRX-810 superalloy, a breakthrough that promises to 



reshape the manufacturing landscape for high-performance aerospace components.5 

Technical Analysis 
GRX-810 is an oxide dispersion strengthened (ODS) alloy, composed primarily of nickel, 
cobalt, and chromium, designed specifically for additive manufacturing (3D printing).5 Its 
revolutionary properties stem from a manufacturing process where nano-scale yttrium oxide ( 
Y2​O3​) particles are evenly coated onto the metal powder particles using a resonant acoustic 
mixing technique.11 These uniformly dispersed ceramic particles act like microscopic 
reinforcing bars within the metal's crystal structure, dramatically increasing its strength and 
durability at extreme temperatures exceeding 2,000°F (approximately 1,100°C).10 This 
approach overcomes a long-standing challenge, as previous ODS alloys were notoriously 
difficult and prohibitively expensive to produce at scale.5 

The fact that GRX-810 was designed from the ground up for 3D printing is a critical 
distinction. Unlike traditional alloys adapted for additive processes, its composition is 
optimized for laser powder bed fusion, enabling the creation of components with highly 
complex internal geometries—such as regenerative cooling channels in rocket engine 
nozzles—that are impossible to produce using conventional forging or casting methods.5 

Performance Metrics 
The performance of GRX-810 represents a generational leap over existing state-of-the-art 
materials. In NASA testing, it has demonstrated the ability to survive more than 1,000 times 
longer than incumbent alloys under high-stress, high-temperature conditions.10 Furthermore, 
initial large-scale production runs by commercial partner Elementum 3D have yielded a 
material with a lifespan twice as long as the already impressive small-batch material produced 
by NASA, indicating the process is robust and scalable.5 
Commercialization Milestone 
The most significant news of the past week was NASA's award of co-exclusive licenses to four 
American companies—Carpenter Technology Corporation, Elementum 3D, Inc., Linde 
Advanced Material Technologies, Inc., and Powder Alloy Corporation—to produce and market 
GRX-810.6 This action marks the material's official transition from a government research 
project to a commercially available product for the entire aerospace supply chain.16 This is 
not a future prospect; the material is already being tested by the aviation industry for 
applications such as high-endurance turbine flow sensors, where its heat resistance could 
dramatically improve engine efficiency and reduce maintenance costs.5 
The commercialization of GRX-810 represents a fundamental shift in the development of 
advanced space hardware. Historically, access to such high-performance materials was 
restricted to major government contractors or entities with vast research and development 
budgets. By licensing the alloy to multiple commercial powder suppliers, NASA is fostering a 
competitive market. This development effectively democratizes access to a critical enabling 
technology. Innovative startups and smaller companies developing novel rocket engines or 
spacecraft can now procure this cutting-edge material "off-the-shelf." This significantly 
lowers the barrier to entry for advanced propulsion development, potentially unleashing a new 



wave of more efficient, reusable, and lower-cost engine designs that were previously 
constrained by the availability and cost of suitable materials. 

 

Redefining Navigation and Communication: The OTV-8 Mission's 
Experimental Frontier 
 

On August 21, 2025, a SpaceX Falcon 9 rocket launched the U.S. Space Force's eighth X-37B 
Orbital Test Vehicle mission (OTV-8, designated USSF-36) from Kennedy Space Center.17 This 
flight of the highly secretive, reusable, and uncrewed spaceplane is a testbed for multiple 
cutting-edge technologies designed to enhance the resilience and capability of U.S. space 
assets in an increasingly contested domain.1 Two of its primary experimental payloads are 
particularly noteworthy for their strategic implications. 

 

Quantum Inertial Sensing 

 

Technology Deep Dive 
A key objective of OTV-8 is to test the "highest performing quantum inertial sensor ever used 
in space".1 This technology moves beyond classical mechanical gyroscopes and 
accelerometers. Instead, it leverages the principles of quantum mechanics—likely utilizing 
atom interferometry, where the wave-like properties of atoms are used to sense motion—to 
measure acceleration and rotation with unprecedented precision and long-term stability.22 
Unlike traditional inertial measurement units, whose accuracy degrades over time due to drift, 
quantum sensors are tied to fundamental atomic properties, allowing for highly accurate 
navigation over extended periods without requiring external signals or corrections.2 
Strategic Imperative 
The primary goal of this demonstration is to validate a robust capability for precise 
positioning, navigation, and timing (PNT) in a GPS-denied environment.1 This is a direct 
technological response to the growing threat of adversaries developing capabilities to jam, 
spoof, or kinetically attack the Global Positioning System (GPS) satellites that underpin nearly 
all modern military operations.26 By providing an independent, self-contained navigation 
source, this technology would allow critical military assets to continue operating effectively 
even if GPS services are compromised. Furthermore, the technology is a foundational enabler 
for future deep space and cislunar exploration, where GPS is unavailable and autonomous 
navigation is a mission-critical requirement.2 
 



High-Bandwidth Laser Communications 

 

Technology Deep Dive 
The OTV-8 mission is also demonstrating high-bandwidth, inter-satellite laser 
communications.1 Also known as free-space optical communication, this technology uses 
tightly focused beams of infrared light to transmit data. This method offers data rates that are 
10 to 100 times higher than conventional radio frequency (RF) systems, allowing for the rapid 
transfer of vast amounts of information.30 The narrow beamwidth of a laser also makes the 
communication link inherently more secure and resistant to jamming or interception compared 
to the wide broadcast of an RF signal.2 
Hybrid Architecture 
A crucial aspect of the OTV-8 experiment is its objective to demonstrate communication links 
with commercial satellite networks operating in low Earth orbit (LEO).2 This detail reveals that 
the test is not merely an evaluation of military-to-military links within a closed government 
system. Instead, it is a pioneering experiment in interoperability, testing the ability of a 
sophisticated national security asset to integrate with and leverage the burgeoning 
commercial communications infrastructure in orbit. 
This experiment signals a fundamental shift in U.S. military space strategy. Rather than 
building a completely segregated, government-owned-and-operated communications 
network, the U.S. Space Force is actively developing and prototyping a hybrid architecture. 
This approach aims to leverage the scale, rapid innovation, and inherent resilience of the 
commercial sector's massive LEO constellations. By proving the capability to securely 
interface its "exquisite" government systems with the sheer volume and redundancy of 
commercial networks, the military can create a more robust, multi-layered, and disaggregated 
communications fabric that is significantly more difficult for an adversary to disrupt or disable. 
It is a strategic hedge that augments high-value assets with the distributed strength of the 
commercial space ecosystem. 

 

Mission and Commercial Developments: Validating 
Future Capabilities 
 

Beyond foundational technology development, the past week featured missions designed to 
validate the operational capabilities that will define the future of the in-space economy, from 
orbital computing to deep space logistics. 

 



SpaceX CRS-33: A Multi-faceted Technology Proving Ground for the 
Orbital Economy 
 

The upcoming 33rd Commercial Resupply Services mission by SpaceX (CRS-33), scheduled 
for launch on August 24, transcends its designation as a routine logistics flight. While it will 
deliver over 5,000 pounds of essential supplies to the ISS, its cargo manifest includes several 
pathfinding technology demonstrations that are critical for the maturation of a sustainable 
orbital economy.7 

 

The Dawn of Orbital Edge Computing 

 

Payload Details 
The mission's flagship technology payload is the Axiom Space Data Center Unit One, a 
prototype orbital data center powered by Red Hat Device Edge, a lightweight 
enterprise-grade Linux operating system designed for edge devices.4 Sponsored by the ISS 
National Laboratory, this experiment will be the first to test the viability of terrestrial-grade 
edge computing hardware and open-source software in the challenging environment of 
space.35 
Capability Goal 
The system is engineered to provide not only increased data storage but, more critically, 
real-time data processing capabilities in orbit.4 The primary objective is to reduce the heavy 
reliance on the limited and often congested data downlink bandwidth to Earth. By processing 
data at the source—on the space station—the system can enable faster, time-sensitive 
decision-making and introduce a degree of operational autonomy for on-orbit experiments, 
manufacturing processes, and station systems.4 
 

Advancing In-Space Biomanufacturing 

 

Payload Suite 
CRS-33 is also transporting a suite of biomedical experiments that serve as important 
precursors to a future where medical treatments and biological products are manufactured in 
space. These payloads include materials for the 3D printing of medical implants designed to 
aid in nerve damage repair, bioprinted liver tissue to study the unique development of blood 
vessels in microgravity, and bone-forming stem cells to research methods for preventing the 
bone density loss experienced by astronauts.7 
Strategic Goal 



These investigations represent foundational steps toward two long-term strategic goals. First, 
they aim to achieve medical autonomy for long-duration human missions to the Moon and 
Mars, where resupply from Earth is not a viable option for treating injuries or illnesses. 
Second, they explore the potential for leveraging the microgravity environment to 
manufacture unique biological products—such as more perfect protein crystals for drug 
development or complex tissue structures that cannot be formed under gravity—that could 
have profound therapeutic applications back on Earth.32 
The concurrent flight of an orbital data center prototype and advanced biomanufacturing 
experiments is not a coincidence; it highlights a critical and symbiotic relationship. The 
maturation of in-space computing is the essential, and often overlooked, enabler for the 
entire in-space manufacturing sector to scale effectively. Future bioprinters, materials science 
experiments, and automated manufacturing facilities will generate immense volumes of data 
from high-resolution imaging, environmental sensors, and process monitoring. Without the 
ability to process this data on-orbit, every stream must be queued, compressed, and 
transmitted to Earth for analysis, creating a significant data bottleneck and delaying results by 
hours or even days. The introduction of edge computing, as demonstrated by the Axiom/Red 
Hat experiment, breaks this paradigm. It allows for real-time, AI-driven analysis of an 
experiment as it is happening, enabling immediate process adjustments, autonomous quality 
control, and a dramatically accelerated research and development cycle. Therefore, the 
orbital data center is not merely a separate technology demonstration; it is the foundational 
digital infrastructure that will allow future, more complex in-space manufacturing and R&D 
operations to become efficient, autonomous, and ultimately, commercially viable. 

 

Blue Origin NS-35: Leveraging Suborbital Flights for Deep Space 
Systems 
 

Blue Origin's upcoming uncrewed New Shepard flight, NS-35, scheduled for August 23, is set 
to carry over 40 scientific and research payloads on its suborbital trajectory.9 This mission 
underscores the increasingly vital role that commercial suborbital platforms play as 
cost-effective "microgravity laboratories" for maturing technologies destined for more 
complex orbital and deep-space missions.38 

Key Payloads Analysis 
Among the dozens of experiments, several stand out for their direct relevance to enabling a 
long-term human presence beyond LEO: 
●​ EDR Fuel Cell (Teledyne/NASA): This payload will test a fuel cell technology that 

generates both electricity and potable water from stored hydrogen and oxygen.9 This is a 
cornerstone technology for creating sustainable, closed-loop life support and power 
systems for future long-duration habitats on the Moon and Mars. 



●​ Microgravity Ullage Detection (MUD) (Carthage College/NASA): This experiment is 
testing a non-invasive method that uses acoustic vibrations to accurately measure 
propellant levels in fuel tanks during microgravity.9 Reliable propellant gauging is a critical 
and notoriously difficult challenge that must be solved to enable in-space refueling—a 
capability that is essential for the entire architecture of cislunar and interplanetary 
transportation. 

●​ Biological Imaging (University of Florida): This flight will mark the fifth iteration of the 
FLEX fluorescence imaging system. By adapting complex ISS-based technology for 
suborbital flights, researchers can gather data on biological responses to microgravity on 
a much faster and more frequent cadence than is possible on the space station, 
accelerating the pace of research.9 

The NS-35 manifest clearly demonstrates the strategic value of the commercial suborbital 
flight profile. By providing several minutes of high-quality microgravity, these platforms allow 
researchers and engineers to test hardware, validate models, and gather crucial data rapidly 
and at a fraction of the cost and complexity of an orbital launch. This process significantly 
accelerates the maturation of critical systems, raising their technology readiness level (TRL) 
and de-risking them before they are integrated into more expensive, long-duration missions to 
the Moon, Mars, and beyond. 

 

Space Infrastructure: Building the Digital and 
Logistical Backbone 
 

The long-term viability of a "Beyond Earth" economy depends on the establishment of robust 
infrastructure in orbit. This week's developments highlighted progress on two fronts: the 
digital systems that will process data and the logistical capabilities that will sustain physical 
assets. 

 

The Cislunar Economy's Digital Foundation: Orbital Data Centers 
 

The Axiom/Red Hat orbital data center experiment launching on CRS-33 represents the first 
tangible step toward building a scalable data infrastructure in orbit.4 While this initial 
deployment is a small prototype, its successful validation is a critical prerequisite for the 
business cases of all future commercial space stations, including Axiom Space's own 
modules, as well as for concepts like the Lunar Gateway and surface operations on the Moon 



and Mars.36 

The economic rationale is straightforward. Future in-space activities, such as advanced 
materials manufacturing, pharmaceutical research, remote sensing data fusion, and satellite 
servicing, will be intensely data-driven. The ability to process, analyze, and store this data 
in-situ, without being constrained by the Earth-link bottleneck, is essential for creating a 
responsive, efficient, and ultimately profitable off-world economy. This experiment is planting 
the seed from which that critical digital infrastructure will grow. 

 

Enhancing Orbital Logistics and Asset Longevity 
 

A significant, and perhaps underreported, technological advancement is also flying on the 
CRS-33 mission: the inclusion of a "boost trunk" on the SpaceX Dragon spacecraft.7 This 
hardware module contains an independent propulsion system specifically designed to 
perform reboost maneuvers for the International Space Station, using its own propellant to fire 
two Draco engines.8 

This demonstration is operationally significant because it will mark the first time a commercial 
cargo vehicle has been tasked with providing a station-keeping capability. This role has 
historically been reserved for government-operated vehicles, such as the Russian Progress or 
the now-retired European Automated Transfer Vehicle (ATV). A series of planned burns 
throughout the fall of 2025 will serve to validate this as a viable commercial service, 
expanding the portfolio of capabilities available from the private sector.8 

This development indicates a crucial evolution in the role of commercial logistics providers. 
They are transitioning from being simple "space trucking" services—delivering cargo from 
Point A to Point B—to becoming integral partners in sustaining and enhancing the operational 
capabilities of critical space infrastructure. The successful demonstration of a reboost 
capability is a technology pathfinder that positions commercial companies like SpaceX as 
future providers of a much wider range of in-orbit services. This includes satellite life 
extension, orbit adjustment for constellations, and potentially active debris removal. It 
represents a move up the value chain from pure logistics to active infrastructure 
management, laying the commercial and technical groundwork for a sustainable cislunar 
economy where assets can be serviced, maintained, and repositioned rather than simply 
being discarded at the end of their initial design life. 

 

Challenges and Considerations: The Operational 



Realities of Advanced Technologies 
 

While the technological advancements of the past week are promising, their transition from 
demonstration to large-scale operational deployment is fraught with significant challenges, 
both technical and regulatory. 

 

The Operational Hurdles of In-Space Computing 
 

The Axiom/Red Hat experiment is a vital first step, but deploying data centers at scale in orbit 
presents immense technical difficulties that must be overcome. 

●​ Environmental Hardening: The space environment is unrelentingly harsh. Hardware 
must be hardened to survive constant bombardment by cosmic radiation, which can 
cause random data corruption ("bit flips") in memory and logic circuits, and can lead to 
the cumulative degradation and premature failure of electronic components.43 

●​ Thermal Management: On Earth, data centers rely on air and liquid convection to 
dissipate the immense heat generated by servers. In the vacuum of space, where 
convection is impossible, heat can only be shed through thermal radiation.47 This requires 
large, heavy, and potentially vulnerable radiator panels and is a far less efficient process, 
posing a major engineering challenge for cooling high-density computing racks.48 

●​ Power, Maintenance, and Cost: Orbital data centers would require massive solar arrays 
to meet their significant power demands.48 More critically, they must be designed for 
near-perfect reliability and autonomous operation. Physical maintenance is not a viable 
option; a single human service call to LEO could cost tens of millions of dollars, and for 
hardware failures, it would be impossible.41 The systems must therefore be capable of 
detecting faults and "self-healing" with no human intervention.4 

●​ Cybersecurity: As critical infrastructure, orbital data centers would present a high-value 
target for adversaries. They are vulnerable to a range of threats, including attacks on the 
ground-to-space communication links, malware inserted into the hardware or software 
supply chain, and exploitation of legacy protocols. The inability to physically access the 
hardware or easily deploy software patches once in orbit makes mitigating these 
vulnerabilities exceptionally difficult.43 

 

The Evolving Regulatory Landscape for Next-Generation Launch 



 

The rapid pace of technological development, particularly in the launch sector, is often 
constrained by the slower, more deliberate pace of regulatory and environmental approval 
processes. The Federal Aviation Administration's (FAA) scheduled public meetings in late 
August and early September 2025, concerning the Draft Environmental Impact Statement for 
SpaceX's Starship/Super Heavy operations in Florida, serve as a pertinent and timely example 
of this dynamic.51 

These proceedings highlight the complex balance that government agencies must strike 
between enabling the kind of high-cadence, heavy-lift launch capabilities required for 
deploying mega-constellations and executing ambitious lunar exploration campaigns, and 
addressing legitimate community and environmental concerns. The outcome of these and 
similar regulatory processes will be a critical pacing factor in determining the actual, 
operational launch tempo of next-generation systems, regardless of their technical readiness. 

 

Future Outlook: Strategic Implications and Near-Term 
Trajectories 
 

The technological seeds planted and nurtured this week will have profound strategic 
implications, shaping the trajectory of military, commercial, and exploratory space activities 
for years to come. 

 

The Strategic Impact of Resilient PNT and Communications 
 

Quantum Navigation's Paradigm Shift 
A successful demonstration of the quantum inertial sensor aboard OTV-8 would mark a pivotal 
moment in strategic space operations. It represents the most credible technological path 
toward decoupling Positioning, Navigation, and Timing (PNT) from a sole reliance on the 
increasingly vulnerable GPS constellation.23 For military space doctrine, this is a 
game-changer, enabling assured operations in a contested environment where GPS signals 
may be denied. For the future of exploration, it provides the foundational technology for fully 
autonomous navigation on long-duration missions to the Moon, Mars, and beyond, where GPS 
is non-existent and reliance on Earth-based tracking is a major operational constraint.22 
The Future is Optical 
The OTV-8 laser communications test is a key data point in a much larger, undeniable trend: 



the space domain is rapidly transitioning to an optical communication backbone. Major 
government programs, such as the Space Development Agency's Proliferated Warfighter 
Space Architecture, and nearly all major commercial mega-constellations, including SpaceX's 
Starlink, Telesat's Lightspeed, and the European Union's IRIS², are being built with optical 
inter-satellite links as a core, non-negotiable feature.52 This will create a high-speed, resilient, 
and low-latency "internet in space," enabling near-real-time data relay for military, civil, and 
commercial users on a global scale. The global market for this technology is projected to 
expand dramatically, reaching an estimated $6.7 billion by 2033.52 The key challenge moving 
forward will be less about the technology itself and more about ensuring interoperability 
between these disparate government and commercial systems—a goal being actively pursued 
by programs like DARPA's Space-Based Adaptive Communications Node (Space-BACN).52 
 

Accelerating the Off-World Supply Chain 
 

From Lab to Foundry 
The commercial licensing of NASA's GRX-810 superalloy is a critical catalyst for the future 
space economy. This action moves a key advanced material out of the government laboratory 
and into the commercial supply chain, making it accessible to a much wider range of 
innovators.6 In the near term (2-5 years), this will likely lead to an acceleration in the 
development of new, more efficient, and more rapidly iterated rocket engine designs from 
both established aerospace primes and agile startups, who can now design around the known 
properties of a commercially available, extreme-environment material. 
Integrated Capabilities 
The concurrent testing of in-space computing (Axiom/Red Hat), advanced biomanufacturing 
techniques (CRS-33 payloads), and technologies essential for in-space refueling (the NS-35 
MUD experiment) illustrates a holistic, systems-level approach to building an off-world 
ecosystem. These are not isolated experiments but deeply interconnected capabilities. Over 
the coming decade, these technologies are expected to converge. The successful validation 
of each component will enable the eventual construction and operation of commercial space 
stations that are not merely habitats, but true industrial parks in orbit. These platforms will be 
supported by a robust digital infrastructure for autonomous operations and a maturing supply 
chain for the high-performance components needed to build and sustain them. This week's 
advancements are, in essence, the laying of the cornerstones for that future. 
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