Beyond Earth: Breakthroughs and News in Space and
Aerospace (November 13-20, 2025)

The week of November 13-20, 2025 marked a watershed moment for space technology as Blue Origin achieved
its first orbital booster landing and space agencies worldwide launched critical climate monitoring

and planetary science missions, (Wikipedia ) (SpaceNews ) while a Chinese spacecraft debris strike underscored the

urgent need for orbital sustainability solutions. (Georgia Tech News +4 ) This period demonstrated how rapidly the

commercial space industry is maturing, with nine successful orbital launches in seven days and record-breaking
operational cadences, even as the sector grapples with debris threats, regulatory challenges, and the transition

from experimental to essential space infrastructure.

The Beyond Earth focus this week reveals an industry at an inflection point—proven technologies are being
deployed at unprecedented scale while foundational challenges around debris mitigation, regulatory
frameworks, and sustainable orbital operations demand immediate solutions. From revolutionary climate
science missions maintaining 30-year datasets to Asian space powers deepening partnerships for lunar
exploration, the week showcased both the extraordinary capabilities humanity has developed and the complex

challenges that come with an increasingly congested orbital environment.

Blue Origin achieves orbital-class reusability milestone

Blue Origin's New Glenn rocket accomplished a historic first on November 13, 2025, becoming only the second
company after SpaceX to successfully land an orbital-class booster during an operational mission.

(The Washington Post +3)) The NG-2 mission launched at 3:55 PM EST from Cape Canaveral's Launch Complex
36, deploying NASA's twin ESCAPADE spacecraft toward Mars while the first stage booster—named "Never
Tell Me The Odds"—executed a precision landing on the Jacklyn drone ship approximately nine
minutes after liftoff. (NASA Science ) (SatNews )

This achievement is particularly significant because Blue Origin accomplished successful booster recovery on
only its second flight attempt, compared to SpaceX's multiple attempts before achieving success in 2015.
The 320-foot New Glenn rocket, powered by seven BE-4 engines producing 17,100 kN of

combined thrust using liquid methane and liquid oxygen, represents a fundamental shift in the heavy-lift launch
market that had been dominated exclusively by SpaceX for nearly a decade.

The successful landing validates Blue Origin's reusability architecture and positions the company as a credible
competitor in the commercial launch market. With twelve Amazon Project Kuiper launches contracted and
additional National Security Space Launch certifications underway, New Glenn's operational success

demonstrates that orbital reusability has transitioned from SpaceX's proprietary advantage to an industry

standard. (Center for Strategic and Interna.... ) The BE-4 engines powering New Glenn are also used on ULA's Vulcan
rocket, creating a shared technology base across multiple launch systems.

(Center for Strategic and Interna.. )




The ESCAPADE mission itself represents innovative trajectory planning—rather than direct Mars transfer, the
twin spacecraft will orbit around Earth-Sun Lagrange Point L2 until late 2026 before using Earth gravity assist
to reach Mars by late 2027. This approach, costing just $75 million total compared to traditional
$500+ million Mars missions, exemplifies the cost-effective innovation now possible with reliable commercial

launch services.

Rocket Lab shatters annual launch records with global operations

Rocket Lab achieved an unprecedented operational milestone during this period by conducting 48-hour back-to-
back launches from opposite sides of the planet. On November 18 at 10:01 PM EST, the company launched its
HASTE suborbital hypersonic technology test from Wallops Island, Virginia, carrying Defense Innovation Unit
and Missile Defense Agency payloads. Just 48 hours later on November 20, another Electron rocket lifted off

from Mahia, New Zealand, deploying a confidential commercial satellite on the "Follow My Speed" mission.

(Satellite Today) CRocket Lab)

These launches brought Rocket Lab's 2025 total to 18 missions with 100% success rate, breaking its previous

annual record of 16 launches set in 2024. (Satellite Today ) (Rocket Lab ) The company's third-quarter 2025 financial

performance reflected this operational tempo—trevenue reached $155 million, up 48% year-over-year and
exceeding analyst forecasts of $152 million. With 49 rocket launches on contract (17 signed in Q3 alone) and

plans to exceed 20 launches by year's end, Rocket Lab has firmly established Electron as the world's most
frequently launched orbital small rocket.

The business model demonstrates remarkable efficiency in the small-launch market. While the company
delayed its larger Neutron rocket debut to 2026, the focus on rapid Electron cadence and expanding Space
Systems business (including building the ESCAPADE Mars spacecraft for NASA) shows strategic
diversification. Rocket Lab's backlog and manufacturing capability position it as the dominant player in
responsive launch for defense, scientific, and commercial customers requiring dedicated small-satellite

deployment.

The Virginia launch site expansion proves particularly strategic—enabling dual-hemisphere operations
provides customers with unprecedented flexibility for launch timing, orbital inclinations, and responsive
national security missions. The Defense Innovation Unit partnership on hypersonic testing aligns
with the Trump administration's emphasis on the $175 billion "Golden Dome" missile defense system,

potentially creating sustained government demand for rapid-response launch services.

SpaceX maintains relentless operational tempo across multiple missions

SpaceX executed five Falcon 9 launches during the November 13-20 period, demonstrating the sustained high-
cadence operations that have become routine for the company. The missions included three Starlink
constellation deployments (November 14, 15, and 18), the joint NASA-ESA-EUMETSAT Sentinel-6B ocean
monitoring satellite (November 17), and a final Starlink mission on November 20 that marked the 100th launch
from Florida spaceports in 2025. (Spaceflight Now ) ( Spaceflight Now )




The Sentinel-6B launch carried particular scientific significance—this 3,175-pound satellite will continue the
30-year sea level measurement record begun with the Jason satellite series in 1992. Equipped with the
Poseidon-4 dual-frequency radar altimeter capable of measuring sea surface heights with one-inch precision,

Sentinel-6B will work in tandem with its twin Sentinel-6 Michael Freilich (launched November 2020) for cross-

calibration before becoming the primary sea level monitoring platform. (Spaceflight Now +3) The mission's 830-

mile-high orbit at 66-degree inclination enables coverage of 90% of the world's oceans every 112 minutes.

Cspaceﬂightnow) CWikipedia)

This mission demonstrated SpaceX's milestone achievement of 500 flights using previously flown boosters—
the Falcon 9 first stage (B1080 on its third flight) successfully returned to Vandenberg Space Force Base
approximately nine minutes after liftoff. By November 19, SpaceX had completed 148 launches in 2025 with a
99.8% success rate for Block 5 Falcon 9, having achieved 535 successful booster landings in 548 attempts. The
most-flown booster (B1067) reached 31 missions during 2025.

The Starlink deployment pace continued unabated—each mission carried 29 V2 Mini satellites, contributing to
a constellation now exceeding 10,000 satellites with over 8,800 operational. SpaceX launched more than 2,500

Starlink satellites in 2025 alone, with manufacturing capabilities reportedly reaching six satellites per day.

(Star Walk ) (Wikipedia ) The November 14-15 launches occurred just 3 hours and 35 minutes apart, representing the

second-fastest turnaround between Cape-based launches, though both occurred during late-evening hours due to

FAA restrictions related to the government shutdown.

The FAA restrictions, lifted November 18 after a 43-day government shutdown ended November 12, had
limited commercial launches to 10 PM-6 AM windows due to air traffic controller shortages. The first

launch after restrictions lifted—Starlink 6-94 on November 18 at 7:12 PM—marked a return to normal

operational flexibility for the space coast's increasingly busy launch manifest. (spaceflightnow ) (Spaceflight Now )

NASA ESCAPADE pioneers cost-effective planetary science

NASA's Escape and Plasma Acceleration and Dynamics Explorers (ESCAPADE) mission, launched aboard

Blue Origin's New Glenn on November 13, represents a paradigm shift in planetary science economics and

mission architecture. (NASA Scientific Visualization ... ) The twin spacecraft, each weighing 460 pounds dry mass

(1,180 pounds fully fueled) with 16-foot solar arrays, were built by Rocket Lab at their Long Beach facility for

a total mission cost of just $75 million—less than 15% of traditional Mars mission costs. (Space.com) (space )

Ground controllers established communications with both spacecraft by 10:35 PM EST on launch day,

confirming successful deployment and system functionality. (NASA Scientific Visualization ... ) The mission's

innovative trajectory takes advantage of celestial mechanics—rather than direct Mars transfer requiring precise
launch windows, ESCAPADE will orbit around the Earth-Sun Lagrange Point L2 until late 2026, then use Earth
gravity assist to reach Mars by late 2027 or early 2028. This approach provides mission flexibility

and reduces launch constraints. (NASA Science +4

The scientific objectives address fundamental questions about Mars' atmospheric evolution. The twin spacecraft
will study Mars' hybrid magnetosphere—unlike Earth's global magnetic field, Mars possesses only localized

crustal magnetic fields—and measure how solar wind strips away the Martian atmosphere. As the first



coordinated multi-spacecraft orbital science mission to Mars, ESCAPADE will provide simultaneous
measurements from multiple points, enabling three-dimensional mapping of plasma acceleration and dynamics
that single-spacecraft missions cannot achieve.

Led by University of California Berkeley's Space Sciences Laboratory with Principal Investigator Rob Lillis,
ESCAPADE is part of NASA's SIMPLEx (Small Innovative Missions for Planetary Exploration) program.

(Wikipedia ) (NASA Science ) This initiative demonstrates that transformative planetary science doesn't require

billion-dollar flagship missions—targeted investigations using commercial launch services, small spacecraft
buses, and innovative trajectories can deliver exceptional science at dramatically reduced costs. The
mission's success could reshape NASA's approach to planetary exploration, enabling more frequent missions to

diverse targets across the solar system.

International partnership advances climate monitoring with Sentinel-6B

The November 17 launch of Sentinel-6B represents a triumph of sustained international cooperation in Earth
science. This joint mission between NASA, the European Space Agency (ESA), EUMETSAT, NOAA, the

European Commission, and France's CNES maintains an unbroken 30-year record of precision sea level

measurements—one of the longest continuous Earth observation datasets in existence. (Spaceflight Now +4.)

Built by Airbus Defence and Space in Germany with approximately $1 billion invested ($500 million from
NASA, $500 million from European partners), Sentinel-6B carries the Poseidon-4 radar altimeter as its primary
instrument. This sophisticated system transmits radar pulses at both C-band and Ku-band frequencies,
measuring the time for signals to bounce off the ocean surface and return to the satellite. The data processing

algorithms can determine sea surface height with precision down to approximately one inch (2.5 centimeters)—

an extraordinary achievement given the satellite orbits 830 miles above Earth. (Spaceflight Now ) (spaceflightnow )

The mission design includes a critical calibration phase—Sentinel-6B will fly in formation with its twin
Sentinel-6 Michael Freilich for approximately one year, with both satellites measuring identical ocean surfaces
to ensure data continuity and validate instrument performance. After cross-calibration, Sentinel-6B will become

the primary reference mission while Sentinel-6A continues operations, potentially extending the dataset another

decade. (spaceflightnow

The scientific and societal value extends beyond climate research. Sentinel-6 data supports operational weather
forecasting by measuring temperature and humidity profiles in the lower atmosphere and stratosphere. The radar
altimeter can detect variations in ocean surface topography that reveal underwater currents, information critical
for commercial shipping route optimization. Coastal communities use the data for infrastructure protection

planning—the past 25 years have seen approximately 4 inches (10 centimeters) of global mean sea level rise,
with regional variations requiring localized adaptation strategies.

NASA also uses Sentinel-6 atmospheric data to refine models for Artemis astronaut capsule reentry—

understanding how spacecraft interact with Earth's atmosphere at hypersonic speeds requires precise

atmospheric density profiles. (NASA Jet Propulsion Laboratory ) The mission demonstrates how Earth observation

infrastructure supports both climate science and human spaceflight operations, creating synergies across
NASA's diverse portfolio.



Asian space powers deepen strategic partnership for lunar exploration

A November 19 meeting in Bengaluru between ISRO leadership and Saku Tsuneta (Vice Chair of Japan's
Committee on National Space Policy and Director-General of the National Astronomical Observatory of Japan)

marked significant progress in the India-Japan LUPEX (Lunar Polar Exploration Mission) partnership.

(New Kerala) (ANI News ) The discussion focused on enhancing collaboration following the August 2025 signing of
the mission's Implementing Arrangement, with launch targeted no earlier than 2028.

LUPEX, also known as Chandrayaan-5 in India, represents an ambitious division of responsibilities between the
two nations. JAXA will provide the H3 launch vehicle, a 350-kilogram lunar rover, precision landing
system derived from the SLIM (Smart Lander for Investigating Moon) technology, and a drill capable of
subsurface sampling to 1.5-meter depth. ISRO will provide the lunar lander with minimum 350-kilogram
payload capacity, landing vehicle systems, and various rover instruments. The mission will also carry

instruments from NASA (Neutron Spectrometer) and ESA (Exospheric Mass Spectrometer, transferred from the

cancelled Luna 27 mission). ( Wikipedia

The mission targets the Moon's south polar region, where permanently shadowed craters may contain
substantial water ice deposits. The primary scientific objectives include determining the quantity and quality of
lunar water ice, studying volatile materials in the polar environment, and assessing the feasibility of sustainable
lunar exploration and potential Moon base establishment. The rover's 1.5-meter drill will extract
subsurface samples from multiple locations, analyzing composition and searching for water signatures at

various depths.

This collaboration occurs within the broader context of deepening India-Japan strategic ties, coinciding with the
50th anniversary of diplomatic relations between the nations. During discussions, Japanese

representatives expressed "strong respect" for India's successful Chandrayaan-3 landing in 2023—India became

the fourth nation to achieve a soft lunar landing and the first to land near the south pole. (New Kerala ) (ANI News )

The partnership also reflects growing private sector space collaboration between the two nations and positions

both countries as key players in the emerging international lunar exploration ecosystem.

The LUPEX mission feeds into longer-term planning for the International Lunar Research Station (ILRS), with
both nations exploring how their combined capabilities can contribute to sustained human presence on and
around the Moon. The meeting initiated discussions on potential collaborations beyond LUPEX, suggesting the

partnership could expand to other planetary targets or space technology domains.

Regional cooperation strengthens at APRSAF-31 in Philippines

The 31st Asia-Pacific Regional Space Agency Forum (APRSAF-31), held November 18-21 in Cebu City,
Philippines, brought together over 700 participants from 30+ countries under the theme "Empowering the
Region through Space Ecosystems in Action." Hosted by the Philippine Space Agency (PhilSA)
and organized by JAXA, the forum featured Japanese astronauts Takuya Onishi and Koichi Wakata alongside
representatives from ISRO, Korea AeroSpace Administration (KASA), and the Australian Space Agency.

Space Calendar



The forum's working groups addressed critical regional challenges through space technology applications. The
Space Education for All Working Group (SE4AWG) focused on workforce development—a critical need as
emerging space nations build domestic expertise. The Satellite Applications for Societal Benefit Working Group
(SAWG) emphasized disaster-risk management, particularly relevant for the Asia-Pacific region's vulnerability
to typhoons, earthquakes, tsunamis, and flooding. The Space Frontier Working Group (SFWG) explored
emerging technologies and future mission concepts, while the Enhancement of Space Capability Working

Group addressed capacity building for developing space programs.

APRSAF serves as the premier platform for regional space cooperation, facilitating knowledge sharing among
nations at vastly different stages of space program development. Countries like India and Japan with mature
capabilities engage with emerging programs in Southeast Asia, creating partnerships that accelerate regional
capacity. The forum addresses uniquely regional challenges—monsoon forecasting, archipelago connectivity,

disaster early warning systems—where international cooperation delivers direct societal benefits.

The conference occurred alongside India's broader space diplomacy efforts. The CSIR-ISRO Space Meet on
November 17 in Bengaluru, attended by 150-200 delegates including representatives from ESA, JAXA, CNES,
and national institutions, focused specifically on human spaceflight research and microgravity science.

(Indian Masterminds ) (The Assam Tribune ) With ISRO Chief Dr. V Narayanan reporting the Gaganyaan human

spaceflight program approximately 85-90% complete at the subsystem level, India is positioning itself as a

key player in human spaceflight research, complementing its demonstrated lunar and interplanetary capabilities.

In-space servicing market shows mature technology but uncertain demand

A comprehensive industry assessment published November 13 by Payload Space reveals the in-space servicing,

assembly, and manufacturing (ISAM) sector at a critical juncture—proven technologies face a "chicken-and-

egg" demand problem despite successful demonstrations. (payloadspace ) (Payloadspace ) Astroscale completed its

ELSA-d and ADRAS-J missions demonstrating magnetic capture and close inspection capabilities, with the
ELSA-M debris removal mission planned for 2026. SpaceLogistics, Northrop Grumman's subsidiary,
completed two life-extension missions in 2020-2021 that extended Intelsat GEO satellites' lifespans by over 15

years.

Varda Space launched three W-series reentry capsules demonstrating pharmaceutical manufacturing in
microgravity, with two additional missions planned for 2025 and expectations for monthly cadence ahead.
Orbit Fab has sold over 50 RAFTI (Rapidly Attachable Fluid Transfer Interface) fueling ports as of November
2025, with its first in-space refueling mission with the Defense Innovation Unit targeted for early 2026.
Outpost Space secured a $33.2 million DoD contract for its Carryall reentry vehicle capable of returning 10

tons of cargo from orbit.

Despite these technical achievements, industry leaders acknowledge demand has been slow to materialize. Greg
Richardson, executive director of the Consortium for Space Mobility and ISAM Capabilities (COSMIC), noted:
"I do think we've done ourselves a disservice, a little bit, by putting servicing and assembly and manufacturing
into one acronym. They are different types of missions with a different spectrum for when they might become
available." The assessment identifies a clear maturity gradient—rendezvous and proximity



operations and life extension are mature, refueling is emerging (2026 deployment), while large structure

assembly remains nascent with no clear near-term market.

The market projections suggest explosive growth if demand catalysts materialize. The space in-orbit refueling
market, valued at $13.83 billion in 2025, is projected to reach $3.8 trillion by 2033 (102% CAGR). However,
these projections depend critically on SpaceX Starship becoming operational, commercial LEO destinations
replacing ISS post-2030, and proven demonstration missions creating customer confidence. Orbit Fab's CSO

Manny Shar summarized commercial customer attitudes: "Once you prove it, we will come knocking down

your door." (payloadspace

The technology has transitioned from experimental to proven—the challenge is creating sustainable business
models during the gap between technical maturity and mass-market demand. Companies are adapting strategies
accordingly. ThinkOrbital, originally focused on in-space welding and assembly, pivoted to X-ray satellite
inspection technology for Space Force while maintaining long-term construction vision. CEO Lee Rosen
acknowledged: "Right now, I don't know of too many customers for in-space assembly." The
industry's near-term viability depends on patient government capital as anchor tenant, with commercial markets

expected to follow once Starship and commercial stations are operational.

Chinese spacecraft debris strike exposes growing orbital vulnerability

A debris strike on China's Shenzhou-20 spacecraft in early November 2025 forced a one-week delay in
returning three taikonauts from the Tiangong space station, marking the first confirmed debris impact on a

Chinese crewed mission. The incident caused a "slight crack" in the return capsule window, rendering the

original vehicle unsafe for crew return. (Georgia Tech News +2)) China launched the replacement Shenzhou-21
spacecraft, with the crew successfully returning November 13-14, 2025.

The incident carries profound irony—China is responsible for the majority of trackable orbital debris
following its January 2007 anti-satellite test that destroyed the Fengyun-1C weather satellite, creating over
3,000 tracked debris pieces that remain in orbit. Research published November 13 by Georgia Tech suggests the
incident may incentivize Chinese cooperation with the United States on debris mitigation efforts, as China's

rapidly expanding space infrastructure increases its vulnerability to the very debris cloud it largely created.

Current debris statistics paint an alarming picture. Approximately 40,000 objects are actively tracked, of which
only 11,000 are functional payloads—the remaining 29,000 are dead satellites, rocket bodies, and fragmentation
debris. ESA estimates over 1.2 million debris objects larger than one centimeter exist, any of which could cause
catastrophic damage to operational spacecraft. At 550-kilometer altitude, the debris density now equals the

density of active satellites—meaning spacecraft must navigate an environment where defunct objects
outnumber functional ones.

The threat extends beyond orbital assets to ground safety. ESA data indicates intact satellites or rocket bodies
reenter Earth's atmosphere over three times daily in 2025, a rate that could reach dozens of reentries daily by the
mid-2030s. MIT Technology Review reported November 17 that FAA analysis projects by 2035 a 7-in-

10,000 annual risk of catastrophic space debris strike on one aircraft—and the casualty risk to humans on the



ground significantly exceeds aviation risk. Al algorithms struggle to predict reentry trajectories because

atmospheric density variations during descent are difficult to model accurately.

The Shenzhou-20 incident demonstrates that debris is no longer a theoretical future problem—it poses
immediate operational risks to crewed missions. This reality creates urgent pressure for active debris removal
capabilities, improved tracking and collision avoidance, and potentially international frameworks requiring
debris mitigation measures for new satellite deployments. The fact that China, often resistant to international
space cooperation frameworks, experienced this incident with its crew may create political opening for

substantive debris mitigation discussions.

Space Force emphasizes dynamic operations and orbital logistics

A November 6 report from the Mitchell Institute for Aerospace Studies emphasizes that embracing dynamic
space operations "is absolutely critical, because if we fail to change our architecture, it becomes vulnerable and
susceptible to attack, putting everything that we do in the military at risk," according to senior fellow Charles
Galbreath. The report outlines five critical areas requiring immediate attention: on-orbit logistics

infrastructure, GSSAP replacement requirements, LEO resilience systems, standardized launch segments, and

dedicated program office establishment.

The report's timing coincides with Chief of Space Operations Gen. Chance Saltzman's indication that Space
Force's 15-year "objective force" strategic roadmap is nearing completion, with publication expected early
2026. This document will outline required space systems, infrastructure, and manpower for the next 15 years,
providing the first comprehensive long-term vision for Space Force architecture since the service's 2019

establishment.

The emphasis on orbital logistics reflects recognition that static, predictable satellite constellations are
vulnerable to adversary targeting. The report recommends defining and distributing standard refueling
interfaces, refining doctrine and tactics for on-orbit servicing, and ensuring the GSSAP (Geosynchronous Space
Situational Awareness Program) replacement constellation incorporates refueling capabilities and capacity for

on-orbit mission payload replacement or addition. For LEO resilience, the report calls for X-37B-like systems
employing camouflage, concealment, and decoy techniques to complicate adversary targeting.

The competitive context is explicit—"China is striving to supplant the United States as the world's preeminent
space power. Moreover, the race for space logistics is here. China is pursuing counterspace weapon systems and
is actively engaging in methods to extend the operational life of its space capabilities." This
assessment acknowledges that space superiority is no longer assured and requires continuous adaptation.
China's October 2025 record-breaking nine-hour spacewalk and plans for a lunar nuclear reactor by 2030
demonstrate sustained commitment to space infrastructure development.

The practical implementation challenges are substantial. Standardized satellite buses and form factors must be
developed to enable rapid on-orbit replacement. Launch site and vehicle diversification is required to prevent
single points of failure. Most fundamentally, establishing a dedicated program office for in-space logistics
infrastructure creation and sustainment represents organizational recognition that orbital servicing is

transitioning from experimental capability to operational necessity. The Space Force roadmap, expected early



2026, will reveal how seriously the service takes these recommendations and what resources it commits to

dynamic space operations.

Regulatory frameworks struggle to match operational pace

The U.S. government shutdown, lasting 43 days and ending November 12, exposed critical vulnerabilities in
space program continuity and regulatory capacity. NASA received only funding extensions through
January 30, 2026, creating uncertainty for long-term program planning. Representative Zoe Lofgren demanded
November 10 that NASA halt laboratory closures at Goddard Space Flight Center, where over 100 labs across
13 buildings—including propulsion labs critical to the Roman Space Telescope—were being shut down in
potential violation of the Anti-Deficiency Act.

The shutdown created operational constraints beyond NASA. The FAA imposed November 10-17 restrictions
limiting commercial launches to 10 PM-6 AM windows due to air traffic controller shortages caused by
furloughs. While Blue Origin received a waiver for its November 13 ESCAPADE launch, SpaceX's

high-cadence operations were forced into late-evening slots, with Starlink 6-94 on November 18 at 7:12 PM

representing the first early-evening launch after restrictions lifted. (spaceflightnow ) (Spaceflight Now ) This incident

demonstrated how budget dysfunction can cascade into operational constraints for the entire commercial space

sector, not just government agencies.

International regulatory challenges compound domestic issues. FCC Commissioner Anna Gomez warned at the
November Economist Space Summit that recent executive branch actions, including USAID dismantling, have
diminished U.S. soft power and increased Chinese influence in international spectrum negotiations. The U.S.
failed in its recent push to increase power limits for non-geostationary satellites, and concerns mount about
reduced FCC resources undermining domestic regulatory capacity ahead of the 2027 World

Radiocommunication Conference—the critical forum where global spectrum allocations are negotiated.

The space liability framework shows dangerous obsolescence. Research published November 13 in Acta
Astronautica by Elisa Leoni highlights how the 1972 Liability Convention fails modern needs—when SpaceX
Falcon 9 debris struck a Polish warehouse in February 2025, the state-to-state framework left individuals
without direct compensation recourse. Italy's 2025 Space Law represents a national solution, introducing
mandatory insurance and allowing direct claims against insurers. With ESA estimating three or
more intact satellites/rocket bodies reenter daily in 2025, potentially reaching dozens per day by the mid-2030s,

the insurance and liability regime must evolve rapidly.

These regulatory challenges occur as NASA faces potential transformation. Jared Isaacman's renomination as
NASA Administrator, following the leaked "Project Athena" memo proposing streamlining NASA by canceling
SLS and Gateway programs in favor of commercial partnerships, signals major strategic shifts.
The Trump administration's proposed 24% NASA budget cut (47% science budget reduction) combined with
emphasis on commercial partnerships represents a fundamental rethinking of NASA's role—from prime
developer to customer and facilitator of commercial space capabilities.

Vast Space demonstrates commercial station pathfinder technology



Vast Space's Haven Demo pathfinder spacecraft, deployed November 2 on a SpaceX Falcon 9 rideshare
mission, achieved critical technology milestones during the November 13-20 period. The 500-515 kilogram
spacecraft successfully completed system tests including propulsion, flight computers, navigation and guidance,
communication, and power systems. Solar arrays deployed successfully and the spacecraft is power-
positive, with 4K video capturing the deployment for engineering analysis.

The six-month demonstration mission aims to de-risk critical systems before Haven-1's planned May 2026
launch. Haven-1 represents the first commercial space station primary structure built in the United States in
over 20 years. In October 2025, the primary structure completed pressure and load acceptance testing before
returning to Vast's Long Beach headquarters for final weld inspections and integration. Both the

qualification article and flight article were built entirely in-house, demonstrating Vast's vertical integration

strategy. (NASASpaceFlight

Haven-1's specifications position it as a near-term ISS alternative—45 cubic meters of habitable volume,
capacity for four astronauts, missions lasting up to 30 days, and docking compatibility with SpaceX Crew
Dragon. The first crewed mission, Vast-1, is planned for June 2026, just one month after the station's
launch. Starlink laser communication terminals will provide continuous high-bandwidth connectivity, enabling

real-time communications far exceeding ISS capabilities.

Vast is competing for NASA's Commercial LEO Destinations (CLD) Phase 2 contract, with awards expected in

2026. The company's strategy focuses on launching before competitors—Axiom Space, Blue Origin's Orbital

Reef, and the Starlab consortium—all of which face later timelines. (Space Scout) (Ohio Capital Journal ) Haven-2,

Vast's follow-on program, targets first module operation in 2028 with full construction by 2032, creating a
potential successor to ISS well before the 2030 deorbit. (NASASpaceFlight +3)

The business model depends on several converging factors: ISS retirement creating demand for commercial
platforms, SpaceX providing reliable and affordable launch and crew transport, proven technology
demonstrations building customer confidence, and government anchor tenancy during the commercial market
development phase. Vast's partnership with SpaceX for both launch services and crew transport reduces
integration risk, while the rapid timeline from Haven Demo (November 2025) to Haven-1 launch (May 2026) to

crewed operations (June 2026) demonstrates aggressive execution.

Al satellite autonomy and other incremental advances

While the November 13-20 period saw limited announcements of entirely new breakthrough technologies, a
November 18 publication in Space.com highlighted successful October 30 testing of autonomous Al attitude
control on the InnoCube satellite. Developed by Julius-Maximilians-Universitit Wiirzburg in Germany, the In-
Orbit Demonstrator for Learning Attitude Control (LeLaR) system represents the first satellite to
autonomously reorient itself using deep reinforcement learning without human input after target attitude is
set.

The nanosatellite in low Earth orbit uses machine learning algorithms to control reaction wheels for attitude

adjustments, demonstrating practical application of Al for spacecraft operations. While the
actual test occurred outside the November 13-20 window (on October 30), the publication and broader



discussion during this week reflected growing industry focus on autonomous systems as satellites proliferate

and human-in-the-loop operations become untenable at megaconstellation scale.

The week also featured continued advancement of proven technologies at scale—ULA's Atlas V 551
successfully launched the 6-metric-ton ViaSat-3 F2 satellite on November 13 after replacing a faulty liquid
oxygen vent valve. The satellite, built on Boeing's 702MP+ platform with over 25 kilowatts of power and
capacity exceeding one terabit per second, employs dynamic beam-forming to allocate bandwidth where

demand exists. This represents the highest-power commercial communications satellite Boeing has built,

using mature GEO satellite technology at the cutting edge of performance. (Satellite Today ) (spaceflightnow )

Blue Origin's BE-4 engine, powering both New Glenn and ULA's Vulcan Centaur, continued proving its
reliability with the successful November 13 launch. This liquid methane/liquid oxygen engine

represents a generational advance over heritage engines—higher performance, lower cost, and domestic

production eliminating dependence on Russian RD-180 engines. (Center for Strategic and Interna... ) (NASASpaceFlight )

The November period demonstrated BE-4 operational maturity, with multiple Vulcan launches earlier in 2025

and now New Glenn's successful debut.

SpaceX's achievement of 500 flights using previously flown boosters during the November 17 Sentinel-6B

mission represents an incremental but significant milestone. The company's booster fleet includes vehicles that

have flown over 20 times, with B1080 completing its 23rd mission on November 20. (Space.com ) (Wikipedia ) This

sustained reusability—once considered impossible for orbital-class rockets—has become so routine that
individual booster landings barely merit coverage unless they represent a first for a specific vehicle or

configuration.

Strategic implications for the emerging space economy

The November 13-20 period crystallizes several strategic trends reshaping the space sector. Reusability has
transitioned from SpaceX's competitive advantage to an industry requirement—Blue Origin's successful
first orbital booster landing demonstrates that second-generation launch systems must incorporate reusability
from the outset rather than as an afterthought. This shift fundamentally alters space economics, enabling launch

cadences and cost structures previously impossible.

The small launch market, led by Rocket Lab's record-breaking 18 missions in 2025, shows that dedicated small-
satellite deployment has matured into a sustainable business. With 49 launches on contract and demonstrated
dual-hemisphere operational capability, Rocket Lab has created a niche that larger providers struggle to address
efficiently. The company's vertical integration—building both launch vehicles and spacecraft like ESCAPADE
—creates synergies across the value chain and positions Rocket Lab as a full-service space systems provider

rather than pure launch company.

International cooperation is simultaneously deepening and fragmenting. NASA-ESA-EUMETSAT collaboration
on Sentinel-6B and the ISRO-JAXA partnership on LUPEX demonstrate sustained scientific and technical
cooperation producing world-class missions. Regional forums like APRSAF-31 strengthen capacity in emerging

space nations. Yet geopolitical tensions manifest in Chinese independent development of Tiangong station, U.S.



restrictions on technology transfer, and competing visions for lunar exploration (Artemis vs. International Lunar

Research Station). (The Economy +2

The ISAM sector reveals that proven technology does not automatically create commercial markets—
demand must be cultivated through demonstrations, standardization, anchor tenancy, and infrastructure enablers
like Starship's heavy-lift capacity and commercial LEO destinations. The 2-3 year window until these catalysts
mature will determine which ISAM companies survive to capitalize on the eventual market or fail during the

gap between technical capability and commercial viability.

Debris has transitioned from theoretical future concern to immediate operational hazard. The Chinese
Shenzhou-20 incident, combined with ESA data showing debris density equaling active satellite density at key
altitudes, demands urgent action. Active debris removal, improved tracking, standardized collision avoidance,
and potentially regulatory requirements for post-mission disposal will shape industry practice over the next 5-10
years. The Mitchell Institute report and Space Force strategic planning indicate military/government customers

recognize this challenge and will drive solutions even if commercial sector remains complacent.

Regulatory and policy frameworks lag operational reality—evident in government shutdowns constraining
launch operations, spectrum negotiations where U.S. influence wanes, and liability conventions inadequate for
routine reentry events. National space laws like Italy's 2025 legislation fill gaps, but the lack of comprehensive
international frameworks creates uncertainty for companies operating globally. NASA's potential transformation
under budget pressure and new leadership represents the most significant policy uncertainty—whether the U.S.
continues human spaceflight leadership or cedes ground to competitors may hinge on decisions made in 2025-
2026.

Looking ahead to an accelerating decade

The technological capabilities demonstrated during November 13-20, 2025 represent merely the beginning of an
accelerating transformation in space operations. SpaceX's Starship, once operational for regular cargo and
eventually crew missions, will deliver payload capacity and cost structure that enables entirely new mission
architectures—from large-scale orbital assembly to propellant depots supporting cislunar infrastructure. Blue
Origin's New Glenn, now proven with successful booster recovery, creates genuine competition in heavy-lift

launch and provides customers with alternatives that reduce single-vendor dependence.

The looming ISS retirement in 2030 creates both crisis and opportunity—the proven benefits of continuous
human presence in LEO must be sustained through commercial platforms like Haven-1, Axiom Station, and
Orbital Reef, or a five-decade legacy of microgravity research will be interrupted. The November period
showed multiple paths forward, from Vast's aggressive 2026 timeline to established aerospace contractors' more
measured approaches. Which strategy succeeds will shape human spaceflight's future trajectory—whether LEO

becomes a thriving commercial domain or a temporary gap in capability.

International lunar exploration is entering a decisive phase. ISRO-JAXA's LUPEX partnership, Artemis
program developments, and China's ambitious plans for crewed lunar missions by 2030 and nuclear reactor
deployment suggest the late 2020s will see sustained lunar activity from multiple nations. The question is

whether these efforts coalesce into cooperative frameworks or fragment into competing blocs. The



infrastructure developed for lunar operations—from refueling depots to navigation networks to communication

relays—will establish precedents for cislunar governance and economic activity.

The debris crisis demands solutions on a similar timeline. Current growth trajectories in satellite deployments,
combined with decades of accumulated debris, create collision probabilities that threaten long-term orbital
sustainability. Active debris removal must transition from demonstration to routine operations within 5-7 years,
or certain orbital shells may become unusable. The Shenzhou-20 incident provides political impetus—when
major space powers experience direct impacts to their crews and infrastructure, theoretical risks become

concrete priorities demanding investment and cooperation.

Ultimately, the week of November 13-20, 2025 demonstrated an industry at transition—from experimental to
operational, from government-led to commercially-driven, from individual achievements to sustained
capability. The technologies work, the business models are emerging, and the strategic imperatives are clear.
The next phase will determine whether humanity expands into space sustainably and cooperatively, or whether
we fragment the commons through debris, competition, and regulatory failure. The answers are being written
now, in launch manifests, investment decisions, international partnerships, and the policies enacted by

governments worldwide.



