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HIGHLIGHTS

Launch costs have fallen 
more than twentyfold in 
fifteen years, yet nearly 
every satellite still flies 
once and is discarded.

Returnable satellites can 
be inspected, upgraded, 
and reflown, strengthening 
resilience and supply 
chains.

China has already 
recovered Shijian-19, a 
satellite rated for ten-plus 
flights.

U.S. doctrine still treats 
satellites as disposable; 
reuse should be treated 
as infrastructure.

Under NSPM-17, Congress 
can act now: put reuse 
in doctrine, fund space 
logistics, and streamline 
re-entry licensing. 
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Orbit has never been cheaper to 
reach than today, but nearly 
every satellite is still built to 

be used once, then abandoned. Static 
constellations can be held at risk by a 
widening set of counterspace weapons, 
disposable platforms are feeding the 
on-orbit debris population, and the 
supply chains behind space hardware 
are increasingly contested, throttling 
space capability delivered to orbit. 
We argue that controlled atmospheric 
re-entry and satellite reuse belong in 
the category of foundational infra-
structure for space resilience and a 
circular orbital economy, addressing 
each of these problems. In current 

military doctrine on space resilience, 
every named resilience attribute is 
bounded by the assumption that 
the satellite is one-time-use (dispos-
able). The returnable satellite is the 
missing element of a resilient architec-
ture, and amortized economics favor 
reusable systems across a wide range 
of assumptions.

THE COST OF THROWING 
SATELLITES AWAY

When every kilogram to orbit was 
precious, satellites had to be built to the 
edge of fragility, and the mass of a heat 
shield, landing system, and reinforced 
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structure to bring a satellite back to Earth was largely 
unaffordable. Today’s cheap lift raises the mass that can 
be flown, bringing recovery systems back into focus. 
Garretson and Havard called reusable super-heavy 
launch a “Starship Singularity,” a break that invali-
dates old assumptions about scarce and expensive lift.1 
This argument extends from the rocket to the satellite 
it carries: a reusable satellite, as opposed to a one-time 
use or disposable satellite, represents both the next step-
reduction in cost, and a step-increase in space resilience 
and maintainable space defense infrastructure. 

Successive State of the Space Industrial Base assess-
ments have described a primary risk to American 
space leadership as today’s misalignment between a 
fast-moving strategic narrative and a slow industrial 
base.2 The disposable satellite model has calcified this 
misalignment and risk. By the time any satellite reaches 
orbit, it encodes an outdated understanding of both 
mission and adversary. Operators must accept on-orbit 
degradation, and use software or operational work-
arounds, to maximize service life and return out of 
sunk-cost hardware. A platform that has been jammed, 
dazzled, or compromised through software cannot be 
withdrawn from the domain and examined; firmware 
exploits remain on orbit for the life of the asset. Building 
and launching a replacement satellite is the only way 
to update the physical hardware, unless a different 

capability exists: a circulating reusable fleet that is 
constantly being refreshed. 

A handful of large and costly satellites in known 
orbits creates an attractive target set, because each 
node can be held at risk by comparatively inexpensive 
weapons.3,4 The recognized answer to that problem is 
proliferation: spreading a mission across many satel-
lites, such that no single loss matters. For example, when 
Cosmos 2251 accidentally collided with Iridium 33, only 
a momentary disruption in Iridium service occurred 
before other satellites in the constellation absorbed 
the traffic.5 Today, the Department of War and the 
Intelligence Community have diversified into prolifer-
ated satellite architectures.6 However, more satellites 
mean more on-orbit congestion. 

A satellite built without the structure to survive 
recovery leaves its operator with only two choices: leave 
it in orbit to be tracked and dodged, or let it burn up in 
the atmosphere. In 2024, the Federal Communications 
Commission mandated that low Earth orbiting satel-
lites can only remain in orbit for 5 years after completion 
of their mission, to slow the accumulation of derelict 
hardware.7-10 This requires saving propellant to lower a 
satellite’s altitude all the way to deorbit. Lower orbits 
that minimize this propellant penalty, therefore, are 
growing even more congested.

THE RETURNABLE SATELLITE ARCHITECTURE
Cheap lift already comes home… in this future architecture, the satellite does too.
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Figure 1. The Returnable Satellie Architecture
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This congestion has operational effects. In 1978, 
Kessler and Cour-Palais showed that above a given 
spatial density, collisions among orbiting objects can 
become self-sustaining and produce fragments faster 
than they decay.11 Liou and Johnson demonstrated 
that the population in Low Earth Orbit has entered 
that regime in some altitude bands: the debris count 
will keep climbing even if every launch stopped.12 The 
European Space Agency now tracks over a million 
objects between 1 and 10 cm, and ~13,600 tons of mate-
rial on orbit, spread across more than 650 historical 
fragmentation events.5, 13-17  

Proliferated architectures also increase supply-
chain burdens. Disposable satellites come off serial 
production lines that draw on a narrow industrial 
base,i so disruptions to that base directly limit what 
can reach orbit. Supply chains for key components are 
contested and thin, a key concern inside the national-
security enterprise. Proliferated constellations such as 
Starlink, Amazon Leo, and OneWeb, on top of govern-
ment systems such as the Space Development Agency 
transport, tracking, and moving-target indication 
layers, demand component volumes well beyond present 
capacity.18 Additionally, no single body is responsible for 
detecting or responding to a constrained supply chain19 
across the space enterprise.ii The COVID-19 pandemic 
exposed how brittle this industrial base is (Table 1). 
Supply-chain choke points also constrain the growth of 
the space economy by raising the cost of doing business, 

slowing new capability deployment, and deterring 
investors accustomed to the short-term returns of other 
frontier technology sectors. 

Proliferation works, and we do not propose replacing 
it. However, adding the ability to recover and reuse 
hardware already proliferated on orbit would address 
several of these issues directly. For example, reusability 
would lower the mission impact of any single supply-
chain choke point. A returnable satellite architecture 
reduces the per-mission draw on the industrial base, 
since refurbished and reflown hardware does not call 
for new parts. A circulating fleet converts a series of 
one-off procurements into steady, predictable demand. 
The smaller per-mission draw can relieve immediate 
constraints, while the steadier demand signal allows 
suppliers to invest in capacity and move down a learning 
curve. This lowers per-unit cost, instead of rationing 
scarce units. As another example, satellite reusability 
also opens new feedback loops: the root cause behind 
a degraded sensor or on-orbit anomaly can now be 
determined by inspection, instead of merely inferred 
from telemetry.

WHAT ALREADY FLIES: REUSABILITY 
AS AN EMERGING SECTOR

Examining SpaceX’s success with reusable launch, 
whoever first delivers routine, high-cadence return 
from space will set three things: (1) the operational 

Table 1. Representative expansion of component lead times during the 2020–2022 supply-chain disruption. Semiconductor and 
compute figures reflect distributor lead-time data compiled by Susquehanna Financial Group; space-grade figures reflect industry and 
government reporting.21-25

COMPONENT CLASS TYPICAL LEAD TIME 
(PRE-2020)

PANDEMIC-PEAK LEAD TIME

Commodity semiconductors ~13–15 weeks 27–52 weeks

Radiation-hardened / space-grade 
ICs

6–12 months 12–24 months

Compute (memory, MPSoCs, 
GPUs)

3–4 months 6–12 months
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i.	 Examples include a small number of suppliers for solid rocket motors, radiation-hardened electronics, on-orbit compute, rare-earth 
elements for battery chemistries, permanent magnets in actuator and reaction-wheel motors, and electric propulsion. 

ii.	 The National Reconnaissance Office tracks supply-chain items, but only those critical to its own missions.20
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tempo competitors have to match, (2) the industrial 
standards that suppliers and ranges build to, and (3) 
the norms that regulators will eventually codify. Those 
that can recover, inspect, and refly satellite hardware 
will learn faster from failures, refresh payload gener-
ations faster, and bring compromised or anomalous 
objects home for analysis. Treating reusable return as 
a foundational capability is therefore a question about 
resilience, economics, and position in a contested stra-
tegic domain. 

China’s work in returnable, reusable satellites is 
fairly advanced. In 2024, the third flight of Shenlong, a 

reusable orbital spaceplane, stayed in orbit for over 250 
days and released multiple sub-satellites to test persis-
tent orbital presence and proximity operations.26,27 
In October 2024, China recovered Shijian-19 and 
described it as the country’s first reusable and return-
able satellite. The China Academy of Space Technology 
rates this platform for more than ten flights, and 
has called it the precursor to a “fifth generation” of 
recoverable satellites.28 

Table 2 summarizes recoverable or reusable orbital 
vehicles that have flown, or are in advanced develop-
ment, across several countries and mission classes. 

Table 2.  Selected reusable and return-capable orbital systems (status as of mid-2026).26-36

PROGRAM 
/ VEHICLE

ORGANIZATION 
(COUNTRY)

CLASS STATUS

Shijian-19 CAST / CNSA (China) Reusable returnable satellite Recovered Oct. 2024; 
platform rated for >10 reuses

Delphi Lux Aeterna (US) Reusable satellite bus Demo launch planned 2027

W-series Varda Space (US) Single use return capsule Multiple recoveries flown

Starfall SpaceX (US) Reusable cargo return capsule First demo flight June 2026

Nyx The Exploration Company 
(EU)

Reusable capsule Partial re-entry demonstrated 
2025

PHOENIX ATMOS Space Cargo (DE) Return capsule First re-entry attempted 2025

Arc Inversion Space (US) Return / cargo capsule Precursor flown; first flight 
near term

X-37B USSF and Boeing (US) Reusable spaceplane Eight missions; thousands of 
days on orbit

Dream 
Chaser

Sierra Space (US) Cargo spaceplane Pre-flight testing

Shenlong CNSA (China) Reusable spaceplane Multiple multi-month missions

Pushpak 
(RLV-TD)

ISRO (India) Winged RLV demonstrator Three autonomous landing 
experiments, 2023–2024 C
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Despite these entrants, against a space economy 
projected to grow from ~$630B in 2023 toward $1.8T by 
2035,37 with 11,000 active satellites already on orbit,18 
downmass, or mass brought back to Earth, is smaller 
than the mass lifted into orbit by over two orders of 
magnitude.iii A shift from returning product from space to 
returning the platform itself—a closed fleet-style operating 
loop—has yet to occur. Lux Aeterna’s Delphi demon-
strator, planned for 2027, is one example of a bus 
designed from initial concept for recovery and reuse.

HOW REUSE WORKS
The case for the returnable satellite begins with the 

same cost revolution that motivated reusable launch 
systems: reusability delivers value only when turnaround is 
both rapid and inexpensive.38 

A returnable satellite flies a closed loop. It is inte-
grated with a payload, launched, and operated on orbit 
for days to years. It then performs a controlled deorbit, 
survives re-entry behind a heat shield, is recovered at 
a designated range, and refurbished to fly again. This 
mirrors the depot cycle for aircraft. The key variable is 
turnaround time (TAT) on the ground, which sets how 
many satellites must be built to sustain a given flight 
rate, and how quickly a new payload generation can 
reach orbit. 

This closed operating loop also decouples the 
payload from the satellite. Certain parts of a satellite 
system are slowly evolving, such as power, propulsion, 
guidance, and communications. A reusable satel-
lite keeps these the same across a series of missions. 
Meanwhile, the rapidly evolving parts of the system 
such as sensors, experiments, onboard compute, elec-
tronic-warfare suites, antenna apertures, or firmware 
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Figure 2. Closed Operating Loop of a Returnable Satellite
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iii.	 Authors’ estimate.18, 34, 35, 37 Global launch has recently placed ~1,000 tons of mass into orbit each year; routine return capacity is 
dominated by Cargo Dragon, which brings back ~2–3 tons per flight across a small number of flights per year, supplemented by 
dedicated commercial capsules returning ~100s of kg per mission. Downmass capacity is therefore smaller than upmass by about 
two orders of magnitude.
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can be swapped or upgraded between flights. In a 
contested space environment, where a sensor, wave-
form, or payload can become defeatable well inside the 
design life of the bus carrying it, this decoupling limits 
what becomes obsolete. It allows a reusable architecture 
to stay ahead of a fast-moving threat or market, without 
needing to rebuild the spacecraft each time.

On Earth, a fleet of aircraft or ships is sustained by 
inspecting, repairing, overhauling, and replacing parts, 
rather than the overall vehicle. These fleets have high 
reliability numbers because their critical components 
are instrumented, and predictive tools schedule main-
tenance before a part fails. Since a disposable satellite 
cannot be recovered, the proliferated fleet it belongs to 
has no depot cycle. With returnable satellites, unit-level 
reliability ceases to be a bottleneck to mission-level reli-
ability. A space operator can replace one asset on station 
with another, and bring degrading units home before 
they fail. A fleet that maximizes reuse will minimize 
the need for new components with long lead times or 
fragile supply chains. Return creates spacecraft that can 
behave like airframes on a fixed maintenance cycle, and 
not like consumables. In other words, building a depot 
cycle for orbit turns a sequence of one-off deliveries into a 
circulating fleet, and creates conditions for a future circular 
orbital economy.  

CHANGE THE DOCTRINE THAT 
ASSUMES THE SATELLITE 
IS DISPOSABLE

The Department of War (then Defense) first codi-
fied space resilience in 2011, defining it as the ability of 
an architecture to keep supporting missions through 
hostile action or adverse conditions. It named six 
attributes for an architecture to achieve resilience: (1) 
disaggregation, (2) distribution, (3) diversification, 
(4) proliferation, (5) protection, and (6) deception.39, 40 
Former U.S. Space Force Chief of Space Operations Gen. 
Chance Saltzman’s theory of Competitive Endurance 
reframed them around three tenets, (1) avoiding oper-
ational surprise, (2) denying an adversary first-mover 
advantage, and (3) conducting responsible counter-
space operations.41, 42 Space Warfighting: A Framework 
for Planners decomposes space superiority into orbital 
warfare, electromagnetic warfare, and space-domain 
awareness; it treats sustained maneuver and the regen-
eration of lost capability as planning assumptions.43, 44 

U.S. Space Command’s Space Warfighting 
Environment 2040 (SWE2040)45 extends these expec-
tations to a projected future operating environment, 
and names survivability, maneuver, resilience and rapid 
reconstitution as foundational requirements.iv Despite 
projecting that orbital architectures will move from 
fixed to dynamic, it stops unfortunately short of the 
obvious conclusion. Every on-orbit sustainment mech-
anism that it contemplates keeps the physical asset in 

Figure 3. Recognized Resilience Attributes
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iv.	 Specifically: “survivability through numbers, mobility through sustained propulsion and servicing, replaceability through commer-
cial capacity, and resilience through hybrid architectures that do not rely on any single platform or partner.”
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orbit, and asks more of it without questioning whether 
it should be expendable in the first place. Reusable 
launch is used as an example of compressed innovation, 
but that logic is not extended to the payload the launch 
rocket carries. Its answer to attrition is “replaceability 
through commercial capacity”,45 which makes resilience 
a function of how fast American factories can build.  

In other words, current space doctrine neglects an 
unexploited edge: the role of reusable satellites as foun-
dational infrastructure by which to achieve resilience. 
Each of the named attributes is limited by the fact that 
space hardware cannot be brought back, repaired, and 
returned to the fleet. For example, reconstitution aims to 
replace losses quickly, but a warehouse of spare satellites 
is simply idle capital until a crisis arrives.46-48 A reusable 
fleet inverts this concept. Reconstitution changes from 
being triggered by loss to continuous: the fleet is always 
partly on orbit, partly in transit, and partly on the 
ground being refreshed. Warfighting units can rehearse 
weekly what they would otherwise have to improvise in 
a crisis, and a wartime surge case differs only in tempo 
from the steady state. Reusable satellites as part of a 
space mobility and logistics portfolio would add new 
capabilities of teardown, failure analysis, recalibration 
against a reference standard, and rapid upgrades.

The six recognized attributes form the visible layer 
of resilience, while controlled re-entry and reuse form 
the foundation that determines how much resilience 
each of them can deliver. Reuse does not substitute for 
the recognized attributes; it merely changes how much 
of each one an architecture can actually buy. A reusable 
architecture proliferates without proliferating cost, 
reconstitutes from an active rotation and not from a 
dead stockpile, and can maneuver aggressively because 
propellant is replenished on the ground. This is why we 
treat reuse as foundational. 

THREE OBJECTIONS
A vehicle that returns to Earth must carry a thermal 

protection system, a reinforced structure, a landing 
system, and propellant for a controlled deorbit. It also 
transits the most expensive part of the gravity well 

twice. This recurring penalty “tax” on payload frac-
tion does not disappear, but its price has fallen by an 
order of magnitude with the lower prices of space 
launch today.49, 50 Cheaper lift, in other words, can pay 
for the structure that will bring the satellite home. 
If the delivered product is data or energy,v no down-
mass is required. A recovery investment here buys only 
the option to renew the platform. Reuse, and a Closed 
Operating Loop, is therefore likely strongest where the 
hardware is scarce, expensive or rapidly improving. 

Reuse also adds ways for a mission to fail that a 
disposable satellite does not have: controlled entry, 
precision guidance to a recovery range, deployable 
structures that survive entry loads, and repeated cycling 
across re-flights. All of these are complex mechanical 
design problems, with solutions that have multiple 
points of failure. However, entry and recovery are 
repeated instrumented events: each recovered article 
feeds into the qualification of the next article. Over 
multiple flights, failure mechanisms become known, 
and engineering tolerances can be increased. This is 
analogous to the many failures inherent in early jet 
engines, yet today, jet passenger travel is one of the most 
reliable forms of transportation. 

Concentrating scarce components in a smaller 
number of circulating buses concentrates risk, and an 
adversary’s aimpoint may shift toward the vehicles 
carrying the valuable parts. The remedy for concen-
tration is one the space community already accepts: 
proliferation. Return then adds what proliferation alone 
does not: the ability to bring degraded nodes back, 
to increase the precision of space-to-ground product 
delivery, and for valuable space-qualified components to 
re-enter the supply chain.

The closest competing approach is on-orbit 
servicing.51-54 A software-defined payload can retask a 
radio or a processor within the envelope of the silicon 
already flown, and a servicer can refuel, relocate or 
replace a module designed for replacement. However, 
neither can substitute a new-generation focal plane, 
perform destructive failure analysis, recalibrate an 
instrument against a terrestrial reference, or requalify 
a bus for a different mission. Physical renewal of the 
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v.	 Notional examples: orbital compute or power beaming.
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satellite itself generally requires a returnable architec-
ture. The 2026 failure of Katalyst Space’s LINK recovery 
satellite, to boost the decaying orbit of the Neil Gehrels 
Swift Observatory, illustrates how the two approaches 
can complement each other. Had LINK been recover-
able, it could have been brought home and repaired, or 
a second identical article drawn from a circulating fleet 
and reflown inside Swift’s remaining orbital window. As 
it happened, both spacecraft were stranded on orbit.55

However, reusability may raise the ceiling on the 
servicing sector the same way it would elsewhere in the 
architecture: a diversified architecture would reserve 
on-orbit servicing and maintenance for the highest-
value space assets, make the servicing element itself 
recoverable and reflyable, and augment both with cheap 
mass drawn from commercially owned and operated 
platforms. This makes reusability and on-orbit servicing 
complementary, even if not substitutable.

WHAT THE NUMBERS SAY
Spacecraft are usually compared on first-flight cost 

per vehicle. This comparison works when every vehicle 
flies once. For a reusable system, since the first flight 
carries the full build cost and each later flight spreads 
that cost out, the meaningful quantity is cost per kilo-
gram delivered, averaged across the life of the vehicle. 
Disposable satellites are typically not built at constant 
unit cost either. Building in batches makes each unit 
cheaper, because fixed engineering costs spread across 
the production run and parts get cheaper in volume.

Here we develop that comparison, normalized to 
the first flight of a reusable bus. We assume communi-
cations satellites reach approximately 60% of first-unit 
cost by the fourth unit, and remote-sensing satellites 
about 70% by the sixth. In comparison, a reusable bus 
starts higher, since it carries the additional mass and 
cost of a heat shield and landing hardware; its advantage 
comes almost entirely from flying again.

The number that decides the outcome is the replace-
ment fraction: the share of the original build cost that 
must be spent again to make a recovered vehicle ready 
for its next flight. This covers replaced parts, labor to 
take the vehicle apart and put it back together, and the 
cost to recertify it for flight. This fraction is estimated 
here by analogy to aircraft depot overhaul and to reus-
able rocket refurbishment; since neither analogy is yet 

anchored in flight data for satellites, this is the least 
constrained input in our model.

The replacement fraction follows a “U” across the 
life of the vehicle. Early on, learning dominates: each 
flight reveals parts that did not need replacing and 
inspections that did not need doing, reducing work 
required. Later, wear dominates: heat shield recession, 
seal and fastener fatigue, and accumulated cycles on 
structure and propulsion push the work back up. We 
model this starting near 60% of build cost on the first 
cycle, falling to ~35% by the third or fourth as learning 
accumulates, then rising until it meets a scrap threshold, 
at which point the vehicle is retired. For this analysis, 
the scrap threshold is set at 70% of a new build. On 
that schedule the reusable curve crosses an equivalent 
disposable bus at the second flight and a cost-optimized 
communications bus by the third, reaches its minimum 
near the tenth flight, and settles at about one-third of the 
first-flight cost. The build investment generally becomes 
a small part of the per-flight cost once the vehicle has 
flown a handful of times.  

Turnaround time governs how many vehicles a reus-
able fleet needs. While a disposable program consumes 
one new vehicle per mission, a reusable fleet needs 
only as many vehicles as the ground process forces 
into simultaneous circulation. Sustaining 52 missions 
a year takes approximately 2 vehicles at a two-week 
turnaround, 5 at a month, and 13 at three months. Two 
weeks is likely achievable for refurbishment alone; with 
launch integration included, a realistic landing-to-
relaunch interval is 5-6 weeks, which puts a returnable 
fleet at about 5 vehicles. This can be compared to 52 
new disposable satellites required over the same year to 
maintain a weekly cadence. Even with maximally efficient 
automotive-style processing, returnable satellites end up 
economically ahead. 

Overall, three features of this non-dimensional-
ized analysis are notable. The steepest cost reduction 
occurs within the first few flights, which matters to any 
funder, public or private, deciding whether to fund the 
second vehicle. The floor beneath each reusable curve is 
set largely by the price of launch, so reusable satellites 
and reusable rockets compound in a way neither reaches 
alone. Each curve also has a cost-optimal life, near ten 
flights in our model, beyond which accumulated wear 
tends to raise the average cost again. These values are 
directional: learning rates, reuse fractions, and refur-
bishment costs will vary by mission class and by design. 
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Figure 4. Fleet economics of reuse, normalized to the first reusable flight. Values are illustrative and do not 
represent any specific company model.
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Nevertheless, amortized economics favor reuse across a 
wide range of assumptions. Flight data from early reus-
able demonstrators will be needed to anchor this model 
in real return data.

RECOMMENDATIONS FOR 
POLICYMAKERS

These recommendations arrive at a favorable 
moment: on August 20, 2026, the White House National 
Space Transportation Policy (NSPM-17) treated re-entry, 
for the first time, as more than a residual of launch.56 It 
sets a national goal of 1,000 launches and re-entries per 
year by 2030, designated re-entry sites, space re-entry 
management integrated into airspace modernization, 
and a space transportation industrial base strategy. The 
recommendations that follow are therefore matters of 
implementation and not of new authority.  

1.	 Name Reuse as a Resilience Attribute in 
Doctrine. Doctrine shapes acquisition; unnamed 
attributes will not be acquired. The Department 
of War and the Space Force should treat recovery, 

refurbishment, and replenishment (or “reuse”) 
as an explicit attribute of resilient space archi-
tectures, alongside disaggregation, proliferation, 
protection, and maneuver. In the annual National 
Defense Authorization Act or its accompanying 
conference report, the House and Senate Armed 
Services Committees (HASC/SASC) should 
direct the Department of War to report on three 
specific questions: 

•	 Are recovery, refurbishment, and replen-
ishment represented in current resilience 
taxonomies and force-design guidance? 

•	 Which major programs of record have evalu-
ated a returnable-fleet alternative within 
their analyses of alternatives, and with 
what result? 

•	 Where does the Department assess the cost 
and cadence crossover point to be, at which 
a circulating fleet becomes preferable to 
disposable replacement?  

2.	 Fund Space Mobility, Logistics, and 
Reconstitution as a Core Capability. Congress and 
the Space Force should baseline funding for space 
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access, mobility, logistics, and rapid reconstitution 
as core mission areas. Industrial-base assessments 
have noted that these are currently treated as discre-
tionary or residual line items, vulnerable to cuts 
even as doctrine elevates them.2, 57 A returnable fleet 
is one physical instantiation of these mission areas, 
and a stable demand signal is needed to realize 
its potential.

3.	 Bridge the Transition Gap for Return-Enabling 
Technology. The Department of War should use 
non-dilutive funding mechanisms such as APFIT,vi 
and private-funds matching mechanisms such 
as Prototype Other Transaction Authority and 
SBIR/STRATFI/TACFIvii or Strategic Breakthrough 
programs, to advance those dual-use technol-
ogies that enable controlled return, including 
thermal protection and precision entry guidance, 
from demonstration into operational capability.58 
Programs that have attracted private investment are 
strong candidates for matched public investment 
that accelerates the transition without substituting 
for the market.

4.	 Build a Predictable, High-Cadence Re-entry 
Regulatory Regime. The current per-flight licensing 
regime treats each mission as a discrete event 
requiring bespoke analysis every time.59 The Federal 
Aviation Administration should immediately modify 
its commercial reentry licensing process so that 
return operations are handled through predictable, 
expedited type approvals that draw on previous 
heritage and repeatable mission profiles. Designated 
recovery ranges (e.g., as directed by NSPM-17) 
should also hold standing authorizations.56

5.	 Name Reuse in the Contested Logistics Critical 
Technology Area and Harden the Space Supply 
Chain. The Department of War should name 
“recovery and reuse” as a component of the 
Contested Logistics Critical Technology Area for 
space, due to its potential for mitigating supply 
chain concerns. A circulating reusable fleet can 
reduce per-mission draw on that base and convert 
one-off procurements into the predictable demand 
a healthy industrial base requires. The executive 
branch and Congress should invest in the indus-
trial base that supplies orbital systems, particularly 
where concentration is a documented single point 
of failure, as in compute, propulsion, and radiation-
hardened electronics.2, 60 

In summary: spaceflight has solved half of an 
economic and strategic problem with launch vehi-
cles that return and refly routinely. The satellites 
they carry are the other half; today, their disposable 
nature creates an architecture difficult to recon-
stitute when attacked, and an orbital environment 
filling with debris. Solving this problem can close 
supply chain gaps with the return of high-demand 
material from space, and incentivize the logistics to 
power a future orbital economy. Recovering, refur-
bishing, and reflying the physical asset converts the 
average spacecraft from a consumable into a circu-
lating element of a resilient fleet. Policy should 
recognize controlled re-entry and reuse as founda-
tional infrastructure, and fund, regulate and field 
them accordingly.
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