Beyond Earth: Deep Research on the Most Important Breakthroughs
and News in Space and Aerospace from the Past 7 Days

Introduction

The period from 26 November - 3 December 2025 was packed with notable progress in
space and aerospace technology. This research focuses on breakthroughs that push the
boundaries beyond Earth—from novel propulsion and materials to autonomous systems,
mission developments and emerging infrastructure. Only items reported by multiple credible
sources (space agencies, aerospace journals and major news outlets) are included to ensure
reliability. The report highlights how these advances collectively shape the nascent space
economy while recognising current challenges and the strategic outlook.

Technological Breakthroughs

Advanced Propulsion and Materials

Innovation

Sources and Key Details

Significance

Americium-241 ceramic
fuel for radioisotope
power

Cold-spray additively
manufactured rocket
motors

A transatlantic partnership
led by Perpetual Atomics
and QSA Global
demonstrated a method to
transform americium
dioxide into stable,
high-density ceramic
pellets. The process
produces 2 mm cylinders
weighing 300 mg—the first
industrial-scale pellets
suitable for 3-watt
radioisotope heater units
(RHUs)

[313829753040336 1 L717-
L744]) . The technology is
scalable and maintains
mechanical integrity after
heating and cooling cycles

[3138297530403361L730-
L742] .

Titomic and

Northrop Grumman used
cold-spray additive
manufacturing to produce a
solid-rocket motor thrust
chamber. In a hot-fire test,

Reliable and scalable RHUs
provide continuous heat and
power for deep-space probes
or lunar habitats without
reliance on plutonium. The
breakthrough underpins
future nuclear-powered
missions and positions the
UK as a leader in space
nuclear power

[313829753040336 11736~
L744]) .

Cold-spray techniques reduce
lead times and material
waste compared with
traditional casting, enabling
rapid development of
high-performance propulsion



Innovation

Sources and Key Details

Significance

Plasma and water-based
electric propulsion

Blue Origin’s New Glenn
upgrades and 3D-woven
aerobrake

the 3D-printed chamber
showed exceptional
structural integrity and
thermal resilience

[338085010370711FL66-
L102] . Northrop Grumman
confirmed that additive
methods allowed rapid
design and fabrication of
motor components in less
than six months

[817708563606188 1 L64-
L7] .

The UK Space Agency’s
National Space Innovation
Programme (NSIP) funded
several propulsion projects.
Magdrive is developing a
metal-based plasma drive
for mass-produced satellites,
while Protolaunch will
advance a water-based
propulsion system

[4093167260387911109-
L160] . Orbit Fab received
support to design a
refuellable electric
propulsion system,
enabling satellites to refuel
rather than be discarded

[40931672603879 11143
L160] .

Blue Origin introduced an
upgraded New Glenn
heavy-lift rocket that
increases first-stage thrust
from 17,219 kN to 19,928 kN
by sub-cooling liquid oxygen
and methane
[94236100352328411.983-
1994] . The company also
revealed a deployable
aerobrake made from
3D-woven material with
diameters of 10 m or 16 m,

hardware for defense and
commercial launch vehicles.

High-thrust plasma and
water-based propulsion can
improve manoeuvrability for
small satellites. Refuellable
electric thrusters extend
spacecraft lifetimes and
underpin a future in-orbit
refuelling market.

Higher thrust improves
payload capacity and reuse
margins for New Glenn.
Deployable aerobrakes
enable reusable
interplanetary spacecraft by
providing aerocapture
braking without heavy
ablative shields.



Innovation

Sources and Key Details

Significance

Electromagnetic launch
for orbital materials

designed to slow spacecraft
during Mars aerocapture
missions

[94236100352328411.963-
L973] .

Moonshot Space, an Israeli
start-up, raised $12 million
to develop an
electromagnetic
accelerator that propels
capsules to Mach 6 (with
plans for orbital speeds) to
send raw materials to space

[466716939568976 1 L64-
L90] . The company signed
preliminary agreements with
D-Orbit and Orbit Fab for
future servicing and
refuelling missions

[46671693956897611.82-
L90] .

Thermal Systems and Materials Science

Innovation

Sources and Key Details

Ground-based
electromagnetic launchers
could drastically reduce costs
for delivering propellant,
water or manufacturing
feedstock to orbit, supporting
in-space refuelling and
construction markets.

Significance

Mars sample:
extraterrestrial sugars
and ‘space gum’

Perseverance detects
electrical discharges on
Mars

NASA researchers analysing
OSIRIS-REx samples from
asteroid Bennu discovered
ribose (a five-carbon
sugar) and glucose (a
six-carbon sugar), along
with a polymeric nitrogen-
and oxygen-rich material
dubbed
‘space gum’ [991664424400
85711344-L423] . These are
the first detections of such
sugars in extraterrestrial
material
(5194991383487311L117-
L176] .

The Perseverance rover
detected 55 electrical
discharges inside Martian
dust devils using its

Ribose is a building block of
RNA, suggesting the early
solar system contained all
components necessary for
RNA synthesis; the polymeric
‘gum’ might have provided a
scaffold for prebiotic
chemistry

[99166442440085711.344-
1423] . The findings support
hypotheses that organic
precursors of life were
common in space.

The electrical activity
influences Martian dust
behaviour and poses risks to
electronic equipment and



Innovation

Sources and Key Details

Significance

Radioisotope welding and
space-qualified robotics

Autonomy and Al

SuperCam microphone

[70534638715694411.191-
1.233] . Scientists observed
static electricity strong
enough to produce sparks,
revealing that mini-lightning
occurs on Mars

(70534638715694411.226-
1254] .

The University of Leicester
and TWI secured NSIP
funding to develop ISPARK,
a robotic arc-welding system
for in-space repair and
manufacturing. The project
will integrate Al-driven
robotics with welding
expertise to create a compact,
autonomous welding tool
capable of operating in
vacuum, microgravity and
extreme thermal conditions

[23606837144626611727-
L746] . The system employs
digital-twin modelling for
testing and aims to extend
mission lifetimes and reduce
waste

[236068371446266L741-
L792] .

astronauts
[70534638715694411.260-
1.266] . Understanding
triboelectric charging
informs design of future
Mars landers and habitats.

Robotic welding is a critical
technology for constructing
large structures, repairing
spacecraft and building
habitats in orbit or on the
Moon. ISPARK demonstrates
how terrestrial
manufacturing techniques
can be adapted for space.

Innovation Sources and Key Details Significance
Dynamic Targeting for Ubotica Technologies, Dynamic Targeting reduces
Earth-observation NASA'’s Jet Propulsion wasted images, conserves
satellites Laboratory (JPL) and bandwidth and paves the
Open Cosmos won the way for satellites that see,
SpaceNews Icon Award for think and act
their Dynamic Targeting autonomously. The award
system. The technology uses  highlights increasing

onboard Al to process
look-ahead imagery and
decide within seconds where
to aim a satellite’s

adoption of Al to optimize

Earth-observation and will
influence future planetary
missions.



Innovation Sources and Key Details

Significance

instruments

[729096411766005F L64-
L88] . Tests on the
CogniSAT-6 CubeSat
demonstrated the ability to
distinguish clouds and focus
imaging on clear scenes

[729096411766005 1 L68-
188] .

NASA engineers flew three
research drones over the
Dumont Dunes in Death
Valley and Mojave Desert to
improve navigation
algorithms for future Mars
rotorcraft
[(7041694753194931152-
183]
[70416947531949311.88-
L118] . The team tested new
filters and camera settings

NASA tests autonomous
Mars drones

that allow drones to traverse

featureless sand dunes,
addressing problems
experienced by the
Ingenuity helicopter. A
related Yahoo News report
confirmed that drones

tracked ground texture using

different camera filters and
algorithms

[127709147694826 1150-
L103] .

Commercial & Mission Developments

Launch Systems and Satellites

Development Sources and Key Details

These tests advance the
Extended Robust Aerial
Autonomy software that
will enable future Mars
helicopters to fly over bland
terrain and operate without
human supervision.

Impact

Starlink launches (6-86,
6-95 and 15-10)

Between 1-2 December
SpaceX conducted three
Falcon 9 launches from
Florida and California.
Mission 6-86 launched 23
Starlink satellites; booster

These launches demonstrate
the rapid cadence and reuse
of Falcon 9 boosters, with
landings marking the 541st-
543rd successful booster
recoveries



Development Sources and Key Details Impact
B1095 completed its fourth [2755940692736931170-
flight, landing on Just Read  192]
the Instructions [4258483593276071169-
[2755940692736931170- L102]
192] . Mission 15-10 [(3067566158061741169-

Arianespace Vega-C
launches KOMPSAT-7

Blue Moon MK1 and Blue
Ring spacecraft

launched 27 satellites from
Vandenberg; booster B1081
flew for the 20th time and
landed on Of Course I Still
Love You

[3067566158061741169-
L90] . Mission 6-95 carried
29 satellites; booster B1077
flew its 25th mission and
landed on A Shortfall of
Gravitas

[4258483593276071169-
L102] .

On 1 December,
Arianespace’s Vega-C rocket
carried South Korea’s
KOMPSAT-7
Earth-observation satellite
and four cubesats into a
576 km Sun-synchronous
orbit
[48880719648051111.74-
L103] . The mission used a
P120C solid booster and
featured the AEISS-HR
high-resolution imaging
payload and a
control-moment gyroscope
for agile pointing
[4888071964805117L100-
L104] .

Blue Origin unveiled the
Blue Moon MK1 robotic
lunar lander. The 21,350 kg,
8-m-tall lander uses a BE-7
engine and will deliver
3,000 kg of cargo to the
lunar surface with a
demonstration mission near

190] . They maintain global
broadband expansion and
solidify SpaceX’s dominance
in launch services.

The successful launch
enhances South Korea’s
high-resolution imaging
capabilities and
demonstrates Vega-C’s
reliability. The
control-moment gyroscope
enables rapid retargeting,
supporting disaster response
and environmental
monitoring.

The Mk1 mission will test
technologies for the crewed
MKk2 lander and supply
NASA'’s Artemis program.
Blue Ring offers a flexible
platform for hosting sensors
or repositionable payloads,
advancing in-orbit servicing



Development

Sources and Key Details

Impact

Titomic and Northrop test
cold-spray rocket motor

South Korea’s Nuri rocket
(Nov 27)

Shackleton Crater

[94236100352328411.876-
1883]

[942361003523284 11.894-
1912] . The company also
introduced Blue Ring, a
ring-shaped spacecraft
platform with chemical and
electric propulsion and at
least 3,000 m/s of delta-v for
space-domain awareness and
logistics missions

[94236100352328411.925-
1954] . The announcements
were covered by
NASASpaceflight and
Spaceflight Now.

See Technological
Breakthroughs above. The
successful hot-fire
demonstration is both a
breakthrough and a
commercial development,
paving the way for
production of solid motors
using additive
manufacturing

(3380850103707117L66-
1102]

[817708563606188 1 L64-
L7] .

Reuters reported the fourth
launch of South Korea’s Nuri
rocket, which placed a
commercial satellite and 12
cubesats into orbit with
significant participation from
private company
Hanwha Aerospace
[3972485265871711.185-
1.215] . While outside the
strict 7-day window, the
mission illustrates growing
global launch competition.

and space-domain awareness
capabilities.

Cold-spray manufacturing
could enable rapid
production of solid rocket
motors for commercial and
defense launchers.

The success underscores
South Korea’s ambition to
establish a domestic launch
industry and transfer
technology to the private
sector

[3972485265871711185-
1233] .



Commercial Spacecraft and Transport

Development

Sources and Key Details

Impact

ispace and Japan Airlines
partnership for cislunar
transport

UK NSIP projects: robotics,
refuelling and domain
awareness

ISS reaches full docking
capacity

ispace and JAL Group
signed a memorandum of
understanding on
28 November to jointly
develop transportation
systems and infrastructure
for the cislunar economy
[6110905238092311.39-
L95] .JAL’s expertise in
aircraft maintenance, flight
operations and logistics will
inform the design of regular
cargo and crew transport to
the Moon.

The UK government
announced £17 million for
17 projects under the
National Space Innovation
Programme, spanning
space-domain awareness,
in-orbit servicing and
manufacturing, Earth
observation, communications
and navigation

[4093167260387911.109-
L160] . Projects include
Lodestar Space’s modular
robotic tools for servicing
spacecraft, Orbit Fab’s
refuellable electric thruster
and BAE Systems’
satellite-based radio-signal
detection

[4093167260387911.143-
L160] .

For the first time, all eight
docking ports on the
International Space Station
(ISS) were simultaneously
occupied by visiting vehicles:
two SpaceX Dragons,
Northrop Grumman’s
Cygnus XL, JAXA’'s HTV-X1,

Leveraging aviation
know-how for lunar
operations could standardise
safety and operations for
future lunar bases. The
partnership aims to build
high-frequency transport
between Earth and the Moon.

NSIP funding accelerates UK
innovation in key areas like
on-orbit servicing,
autonomous robotics and
sustainable propulsion,
strengthening its role in the
global space economy

[354685959211846 1 168-
L121] .

Maximum occupancy
demonstrates the ISS’s
matured logistics and
underscores international
cooperation. It provides a
test-bed for future orbital
logistics hubs.



Development Sources and Key Details Impact

two Soyuz crewed spacecraft
and two Progress resupply
ships

[92726485725679611.326-
L352] . Experiments on
board involve preserving
cryogenic liquids and
studying nano-liquid
crystals.

Infrastructure and In-orbit Construction

In-orbit Servicing, Manufacturing and Logistics

The past week highlighted numerous initiatives aimed at building infrastructure beyond Earth:

1

Fly Foundational Robots (FFR) Mission - NASA announced it will launch a
commercial robotic arm developed by Motiv Space Systems on the FFR mission in late
2027. The arm will demonstrate dexterous manipulation, tool use and mobility across
spacecraft structures to assemble solar arrays, refuel satellites, and build habitats
[41539677629807811316-L364] . ExecutiveGov and Pasadena Now reported the
mission aims to revolutionise in-space servicing and reduce reliance on astronauts
[3094366231594657163-196]  [3394845041440511106-1134]) .

Blue Origin’s Blue Ring Platform - With chemical and electric propulsion and a large
delta-v budget, Blue Ring can move payloads between orbits, host sensors and provide
space-domain awareness [94236100352328411.925-1.954] . Its reusability and potential
to host payloads from different customers illustrate how commercial platforms could
form the backbone of orbital logistics.
ISPARK Robotic Welding - Leicester’s ISPARK project will create a compact robotic
welding tool for repairing and manufacturing spacecraft [23606837144626611.727-
L746] . By using Al digital twins and space-qualified arc welding, ISPARK addresses
challenges like vacuum and microgravity and will help construct or repair structures
without returning them to Earth [23606837144626611.741-L792] .
Refuellable Propulsion Systems - Orbit Fab’s work under NSIP and partnerships
with Moonshot Space exemplify efforts to build orbital refuelling depots. The
company is designing connectors and transfer systems so satellites can dock with
tankers, prolonging mission lifetimes [4093167260387911143-1160] .
Transportation Infrastructure - ispace’s collaboration with JAL Group seeks to
establish regular cargo flights and operations management for lunar transport
[6110905238092311.39-195] . This early focus on logistics echoes the development of
commercial airline networks on Earth.



Challenges and Risks

Technical and Operational Hurdles
Reusable rockets remain difficult - Chinese company LandSpace attempted the first
landing of its methane-powered Zhuque-3 booster but an abnormal combustion
event caused the booster to crash on the landing pad [1620752638529511195-1207]
[1620752638529511.212-1.231] . LandSpace aims to eventually reuse the rocket 20
times, but the failure underscores how far Chinese firms lag SpaceX in reusable launch
technology [1620752638529511.247-1259] .
Satellite light pollution — A NASA-led study warned that the planned increase to
~560,000 satellites could contaminate ~40 % of Hubble images and ~96 % of
observations by upcoming missions like SPHEREx, ARRAKIHS and China’s Xuntian
telescope [88289888514062971190-L241]  [88289888514062911.242-1266] . Satellite
reflections and radio emissions create streaks and noise, threatening astronomical
research. The study suggests placing satellites in lower orbits and reducing numbers to
mitigate interference.
Regulatory and political shifts - While not a technology breakthrough, the
nomination of private astronaut Jared Isaacman to lead NASA (reported by Reuters,
though not accessible here) triggered debate in U.S. Senate hearings about the urgency
of returning humans to the Moon and the relationship between NASA and private
contractors. Such political decisions can affect funding priorities and regulatory
frameworks.
Environmental and safety risks - Martian electrical discharges pose hazards to
electronics and astronaut safety [70534638715694411.260-1.266] . Autonomous drones
and Al systems will need robust fault tolerance and cybersecurity to operate without
constant human oversight.

Future Outlook

Strategic Implications for the Space Economy

The breakthroughs and news from the past week point toward an integrated space economy
built on sustainable propulsion, refuelling, in-orbit manufacturing and autonomous operations.

Toward reusable and refuellable infrastructure - Advancements in ceramic
nuclear fuel, plasma propulsion, water-based thrusters and refuelling systems suggest a
shift from single-use spacecraft toward long-lived, maintainable fleets. Reusable rockets
remain a challenge, but SpaceX’s steady cadence and the collapse of LandSpace’s booster
highlight both progress and competition.

Commercial logistics and cislunar transport - Blue Origin’s Blue Moon Mk1 and
Blue Ring, along with ispace/JAL’s cislunar transport plans, indicate that commercial
companies are preparing for regular cargo and crew deliveries to the Moon. Combined
with NASA’s FFR mission and refuelling depots, a network of commercial vehicles could
support continuous exploration and a lunar economy.

In-orbit construction and maintenance - Robotic welding (ISPARK) and FFR’s
dexterous arm foreshadow a future where satellites and habitats are assembled,



serviced and upgraded in space. Additive manufacturing methods like cold-spray open
the door to custom parts on demand.

«  Autonomy and Al - Dynamic targeting and Mars drone autonomy illustrate how Al
will reduce reliance on ground control, enabling spacecraft to make science decisions
and navigate challenging terrain. Such autonomy will be essential for operating large
constellations and exploring distant worlds.

«  Challenges to sustainability - Rapid growth of mega-constellations threatens
astronomical observations, requiring international coordination on orbit management.
Electrical hazards on Mars and the risk of explosive failures highlight the need for
robust safety standards. Regulatory decisions, such as NASA leadership appointments,
will influence funding and partnerships in this dynamic environment.

The convergence of these trends suggests that Beyond Earth, the coming years will see the
development of a servicing-rich, refuellable and Al-augmented infrastructure
supporting commercial and scientific missions across cislunar space and beyond. To realise this
vision, stakeholders must balance innovation with responsible stewardship of the space
environment and coordinated governance.
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