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Space materials are the shielding, insulation, structures, propellants, cells and coatings
that make a spacecraft survivable. They are a small fraction of programme cost but a
first-order constraint on what can be flown, and the market for them is being reshaped
faster than at any point since the Apollo era.

The driver is volume. Global orbital launches passed 250 in 2024 and are trending
toward 400 or more by the end of the decade, while cost-per-kilogram to low Earth orbit
Is falling below USD 1,500 on heavy reusable systems. Mega-constellations — Starlink,
Kuiper, OneWeb/Eutelsat, IRIS?, Guowang and Qianfan — imply more than 60,000
satellites on orbit by 2036, turning satellite production into something closer to a
manufacturing line than a bespoke build. That change inverts the traditional material
trade-space. Where mass-optimisation once justified almost any price premium, cost-
sensitive constellation platforms now favour cheaper, higher-volume alternatives, and
the qualification premium that separates a space-grade material from its terrestrial
equivalent is under sustained pressure.

At the same time, demand is broadening. Artemis and the parallel Chinese, European,
Indian, Japanese and Emirati lunar programmes create requirements that constellations
do not: radiation shielding for crewed transit, regolith-based construction, high-power
electric propulsion and ISRU feedstocks. Defence space is funding proliferated,
hardened architectures with shorter design lives and faster replenishment. In-space
manufacturing remains the most speculative segment — no space-manufactured product
Is yet available for sale on Earth, and in-orbit research still costs USD 25,000 to 100,000
per kilogram — but pharmaceutical seed crystals, gold nanospheres and semiconductor-
grade crystals are converging on the point where per-gram value covers the journey.
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Supply is the vulnerability. The market depends on a small number of chokepoints: ADN
from a single European source, xenon and krypton from a concentrated noble gas
supply chain, pitch-based carbon fibre dominated by Japanese producers, plus
rhenium, niobium C-103 and germanium substrates. Industrial policy is responding.
Analysis of South Korea's three-hub cluster strategy captures the wider pattern:
governments still account for up to seventy per cent of upstream revenue, late entrants
must master advanced materials and precision manufacturing simultaneously rather
than sequentially, and defence-space convergence is the route most states are taking.
Sovereign materials capability has become a strategic objective in its own right, not a by-
product of space programmes, and export controls now shape supplier selection as
firmly as price or performance.

The Global Market for Space Materials 2026—2036: Shielding, Thermal Management,
Propulsion and Structures for the New Space Economy quantifies and analyses the
global market for space-qualified materials over the period 2026 to 2036. It covers the
materials that go into launch vehicles, satellites, crewed spacecraft, lunar and planetary
platforms and in-space manufacturing systems — and, critically, it measures the value
captured by materials suppliers rather than by the spacecraft primes and launch
providers who buy from them.

Contents include:

Market drivers and the new space economy — launch cadence and reusability,
cost-per-kilogram trajectory, mega-constellations, lunar and Mars programmes,
defence space, OSAM, material qualification frameworks (NASA-STD-6016,
ECSS, MIL-STD-1540, AS9100), the space environment, debris mitigation and
demisability, and ITAR/EAR/EU dual-use export controls.

Radiation shielding materials — hydrogen-rich polymers, boron nitride nanotubes
and h-BN composites, lithium-based shielding, multifunctional structural
shielding, active shielding concepts, rad-hard electronics packaging and regolith-
based habitat shielding.

Thermal management — multi-layer insulation, heat pipes and loop heat pipes,
radiators, phase-change materials, thermal interface materials, pyrolytic graphite
and carbon straps, thermal coatings and optical solar reflectors, cryogenic
systems and emerging metamaterial radiators.
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Structural composites — carbon fibre grades and resin systems, manufacturing
routes, thermoplastics, sandwich structures, COPVSs, cryogenic tanks, fairings,
satellite buses, optical benches, nozzles and motor cases.

Chemical propulsion — storable and cryogenic propellants, hydrazine REACH
phase-out, solid propellants, green monopropellants including ASCENT and
LMP-103S, the ADN supply chain, and chamber, throat and nozzle materials.

Electric propulsion — Hall effect, gridded ion, FEEP and colloid thrusters;
channel, cathode and grid materials; and the xenon, krypton, iodine and argon
propellant transition.

Space-qualified photovoltaics, re-entry thermal protection systems, in-space
manufacturing feedstocks and ISRU materials, and cross-cutting enabling
materials.

Barriers to growth, supply chain analysis, full market forecasts 2026—-2036, 136
company profiles and appendices covering standards, patents, regulation and
research methodology.

Companies profiled include Agile Space Industries, Agnikul Cosmos, Airbus Defence
and Space, Albany Engineered Composites, American Boronite Corporation, Arceon,
ArianeGroup, Arinna, Arnold Magnetics, Astradyne, Astrobotic Technology, Astral
Materials, Astroscale, ATl — Allegheny Technologies, Avio S.p.A., AZ Technology,
AZUR SPACE Solar Power, BAE Systems Space, Bayern-Chemie / MBDA, Bellatrix
Aerospace, Beyond Gravity, Blue Canyon Technologies, Blue Orbit Space, Blue Origin,
BNNano, BNNT LLC, Boeing Space, Busek Co., Calyos, Canada Rocket Company,
Carbice Corporation, Carbon Fly, CESI, COI Ceramics, Composite Technology
Development (CTD), Cosmic Shielding Corporation, Ensign-Bickford Aerospace &
Defense (TiNi), ENPULSION, Epsilon Composite, EURENCO Bofors, Euro-Composites,
Exotrail, Firefly Aerospace, Flexell Space, geCKo Materials, GKN Aerospace,
Goodfellow, Helios, Hexcel Corporation, IberEspacio, ICON, IHI Aerospace, Impulse
Space, Infraprint, INNOSPACE, Interlune, Intuitive Machines, ispace inc., Isar
Aerospace, Kl?ber Lubrication, Kongsberg NanoAvionics, KULR Technology Group,
L3Harris Technologies, Leonardo S.p.A., Lockheed Martin Space, Lunar Outpost, Lunar
Resources Inc., Magdrive, Markforged and more...
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1 EXECUTIVE SUMMARY

1.1 Report scope, objectives and definitions
1.1.1 Market boundaries: what is and is not "space materials"
1.1.2 Adjacent markets briefly considered

1.2 Market drivers in summary

1.3 Market size

1.4 Material segment summary

1.5 Application summary

1.6 Regional summary

1.7 Ten most disruptive technologies through 2036

1.8 Investment, M&A and government programmes 2023-2026

1.9 Key strategic findings

2 MARKET DRIVERS AND THE NEW SPACE ECONOMY

2.1 Structural shift from government to commercial space
2.2 Launch cadence and reusability
2.2.1 Annual orbital launch cadence
2.2.2 Cost-per-kilogram trajectory
2.2.3 Reusability impact on materials demand
2.3 Mega-constellations
2.3.1 Starlink, Kuiper, OneWeb / Eutelsat
2.3.2 Guowang, Qianfan / Thousand Sails (China)
2.3.3 IRIS? (EU)
2.3.4 Defence constellations (SDA, USSF, allied)
2.4 Lunar programmes
2.4.1 NASA Artemis and Lunar Gateway
2.4.2 Commercial Lunar Payload Services (CLPS)
2.4.3 China CNSA / ILRS lunar programme
2.4.4 ESA, ISRO, JAXA, UAE lunar plans
2.5 Mars programmes and crewed deep-space missions
2.6 In-space manufacturing, OSAM and orbital servicing
2.7 Defence and national security space
2.8 Adjacent and crossover markets
2.8.1 High-altitude pseudo-satellites (HAPS)
2.8.2 Hypersonics dual-use
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2.8.3 eVTOL and UAM (material crossover only)
2.9 Material qualification frameworks
2.9.1 TRL stage gates
2.9.2 NASA-STD-6016, ECSS-Q-70, MIL-STD-1540, AS9100
2.9.3 Outgassing requirements (TML, CVCM, ASTM E595)
2.10 Space environment requirements
2.10.1 Vacuum and atomic oxygen
2.10.2 Radiation (GCR, SPE, trapped belts)
2.10.3 Thermal cycling and extreme temperatures
2.10.4 Micrometeoroid and orbital debris (MMOD)
2.11 Sustainability, debris mitigation and demisability
2.12 ITAR, EAR and EU dual-use export controls

3 RADIATION SHIELDING MATERIALS

3.1 Space radiation environment

3.1.1 Galactic cosmic rays (GCR)

3.1.2 Solar particle events (SPE)

3.1.3 Trapped Van Allen belts

3.1.4 Secondary particle generation
3.2 Shielding physics fundamentals

3.2.1 Stopping power and Bragg peak

3.2.2 Mass-stopping vs areal-density approaches
3.3 Hydrogen-rich polymer shielding

3.3.1 Polyethylene and HDPE

3.3.2 Polymer composites with embedded hydrogenous fillers

3.3.3 Hydrogenated nanocomposites

3.3.4 Demron and similar lead-free polymeric blends
3.4 Boron- and lithium-based neutron shielding

3.4.1 Boron nitride nanotubes (BNNTS)

3.4.2 Hexagonal boron nitride (h-BN) composites

3.4.3 Lithium hydride and lithium-loaded polymers

3.4.4 Boron carbide and ??B-enriched compounds
3.5 Multi-functional structural shielding
3.6 Water and propellant-based shielding architectures
3.7 Active shielding concepts

3.7.1 Superconducting magnetic shields

3.7.2 Electrostatic and plasma shields

3.7.3 TRL assessment and barriers
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3.8 Radiation-hardened electronics packaging
3.9 Shielding for crewed lunar/Mars habitats
3.9.1 Regolith-based shielding
3.9.2 Inflatable habitat shielding architectures
3.10 Suppliers, value chain and pricing
3.11 Ten-year forecast for radiation shielding materials

4 THERMAL MANAGEMENT MATERIALS AND SYSTEMS

4.1 Thermal challenges in the space environment

4.2 Multi-Layer Insulation (MLI)
4.2.1 Conventional aluminised Mylar/Kapton MLI
4.2.2 Integrated MLI (IMLI) and load-bearing MLI
4.2.3 Aerogel-based blankets

4.3 Heat pipes
4.3.1 Constant conductance heat pipes (CCHPS)
4.3.2 Variable conductance heat pipes (VCHPS)
4.3.3 Working fluids and envelope materials

4.4 Loop heat pipes (LHPs) and capillary pumped loops (CPLS)

4.5 Radiators
4.5.1 Body-mounted radiators
4.5.2 Deployable radiators
4.5.3 Pumped fluid loops

4.6 Phase-change materials (PCMs) for spacecraft
4.6.1 Paraffins and salt hydrates qualified for space
4.6.2 Encapsulation strategies

4.7 Thermal interface materials (TIMs) for space
4.7.1 Greases, gels and pads (space-qualified grades)
4.7.2 Carbon nanotube and graphene-based TIMs
4.7.3 Indium and metal foil TIMs

4.8 High-conductivity carbon materials
4.8.1 Pyrolytic graphite sheets (PGS)
4.8.2 K-Core and APG (annealed pyrolytic graphite)
4.8.3 Carbon-fibre thermal straps

4.9 Thermal coatings
4.9.1 White and black paints (Z93, AZ-93, Aeroglaze)
4.9.2 Optical solar reflectors (OSRS)
4.9.3 Second-surface mirrors
4.9.4 Vapour-deposited aluminium / silver / gold coatings
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4.10 Cryogenic thermal management
4.10.1 Cryocoolers and Stirling coolers
4.10.2 Cryogenic propellant boil-off mitigation
4.10.3 IR sensor cooling
4.11 Advanced and emerging concepts
4.11.1 Metamaterials and electrochromic radiators
4.11.2 Oscillating heat pipes
4.11.3 Two-phase mechanically pumped loops
4.12 Suppliers and value chain
4.13 Ten-year forecast for thermal management

5 STRUCTURAL COMPOSITES FOR LAUNCHERS AND SATELLITES

5.1 Material requirements
5.2 Carbon Fiber Reinforced Polymer (CFRP)
5.2.1 Carbon fiber grades
5.2.2 Resin systems
5.3 Manufacturing routes
5.4 Thermoplastic composites
5.5 Sandwich structures
5.6 Composite Overwrapped Pressure Vessels (COPVs)
5.7 Cryogenic composite tanks
5.8 Launcher structures
5.8.1 Payload fairings
5.8.2 Interstages and dispensers
5.8.3 Common bulkheads
5.9 Satellite structures
5.9.1 Buses and platforms
5.9.2 Optical benches
5.9.3 Antenna reflectors and booms
5.10 Rocket nozzles and motor cases
5.10.1 Carbon-carbon (C/C) nozzles
5.10.2 Filament-wound motor cases
5.11 Metallic alternatives
5.12 Suppliers and value chain
5.13 Ten-year forecast for structural composites

6 CHEMICAL PROPULSION MATERIALS AND PROPELLANTS
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6.1 Overview of chemical propulsion classes
6.2 Storable propellants
6.2.1 MMH/NTO and UDMH systems
6.2.2 Hydrazine: REACH phase-out trajectory
6.3 Cryogenic propellants
6.3.1 LOX/LH?
6.3.2 LOX/methane
6.3.3 LOX/RP-1 and densified propellants
6.4 Solid rocket propellants
6.4.1 HTPB / AP / aluminium baseline
6.4.2 Advanced binders (GAP, BAMO-AMMO)
6.4.3 High-performance ingredients
6.5 Green monopropellants
6.5.1 ASCENT / AF-M315E (HAN-based)
6.5.2 LMP-103S and ECAPS HPGP
6.5.3 ADN supply chain
6.5.4 Hydrogen peroxide and HTP/kerosene
6.5.5 Green monopropellant flight heritage
6.6 Hybrid propulsion
6.7 Combustion chamber, throat and nozzle materials
6.7.1 Niobium C-103
6.7.2 Rhenium-iridium
6.7.3 Carbon-carbon and ceramic matrix composites
6.7.4 Additively manufactured GRCop-42, Inconel 718, refractory alloys
6.8 Suppliers and value chain
6.9 Ten-year forecast for chemical propulsion materials

7 ELECTRIC PROPULSION MATERIALS

7.1 EP classes and roles in modern satellites
7.2 Hall effect thrusters
7.2.1 Discharge channel materials
7.2.2 Hollow cathodes
7.2.3 Magnetic circuits and pole-piece materials
7.3 Gridded ion thrusters (GIT)
7.3.1 Molybdenum, titanium and pyrolytic graphite grids
7.3.2 Carbon-carbon grids for long-life systems
7.4 FEEP and colloid thrusters
7.5 Pulsed plasma and arcjet thrusters
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7.6 Electrothermal water and air-breathing propulsion
7.7 Propellant alternatives to xenon
7.7.1 Krypton: Starlink experience and supply
7.7.2 lodine: ThrustMe heritage and fleet adoption
7.7.3 Argon, water and condensable propellants
7.8 Xenon and krypton supply chain
7.8.1 Russia/Ukraine constraints
7.8.2 US, China and Korean ASU capacity
7.9 Suppliers and value chain
7.10 Ten-year forecast for EP materials and propellants

8 SPACE-QUALIFIED PHOTOVOLTAICS

8.1 Power requirements across mission classes
8.2 111-V multi-junction (3J) cells: the workhorse
8.3 Inverted Metamorphic Multi-Junction (IMM) cells
8.4 Perovskite-on-silicon and all-perovskite tandem cells for space
8.5 Silicon and CIGS thin-film for space
8.6 Cover materials: cerium-doped glass, OSR coverglass, encapsulants
8.7 Array architectures
8.7.1 Rigid panels (CFRP face sheets, Al honeycomb core)
8.7.2 Roll-Out Solar Array (ROSA)
8.7.3 Mega-ROSA and iROSA
8.7.4 Concentrator photovoltaics (CPV) for space
8.8 Specific power roadmap
8.9 Suppliers and value chain
8.10 Ten-year forecast for space PV materials

9 RE-ENTRY AND THERMAL PROTECTION SYSTEMS (TPS)

9.1 Re-entry physics and heat-flux regimes
9.2 Material classes overview
9.3 Ablative TPS
9.3.1 PICA/ PICA-X
9.3.2 AVCOAT and Apollo-heritage ablators
9.3.3 HEEET (Heat-shield for Extreme Entry Environment Technology)
9.3.4 Carbon phenolic
9.3.5 SLA, SIRCA and low-density variants
9.4 Reusable TPS
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9.4.1 Reinforced Carbon-Carbon (RCC)
9.4.2 Hex tiles and shuttle-heritage tile families
9.4.3 Inconel and titanium standoff structures
9.5 Ultra-High-Temperature Ceramics (UHTCs)
9.6 Ceramic matrix composites (CMC) for hot structures
9.7 Inflatable / Deployable TPS
9.8 Suppliers and value chain
9.9 Ten-year forecast for TPS materials

10 IN-SPACE MANUFACTURING (ISM) FEEDSTOCKS AND ISRU MATERIALS

10.1 ISM business models and value propositions
10.2 Microgravity manufacturing
10.2.1 Pharmaceutical crystallisation: Varda Space Industries
10.2.2 Semiconductor crystallisation: Space Forge
10.2.3 ZBLAN and specialty fibre: Made In Space heritage
10.3 Orbital additive manufacturing and assembly
10.3.1 Polymer extrusion (FFF) heritage
10.3.2 ULTEM, PEEK, and ULTEM 9085 feedstocks
10.3.3 Metal AM on-orbit (DED, electron-beam)
10.3.4 On-orbit assembly: Archinaut, OSAM and PERIOD
10.3.5 On-orbit servicing and refuelling: Astroscale, MEV, Orbit Fab
10.4 Lunar regolith and ISRU
10.4.1 Regolith composition and mineralogy
10.4.2 Regolith sintering, casting, and 3D printing for habitat
10.4.3 Lunar oxygen extraction
10.4.4 Lunar water mining
10.4.5 Mars ISRU: MOXIE heritage
10.5 Suppliers and value chain
10.6 Ten-year forecast for ISM and ISRU materials

11 CROSS-CUTTING AND ENABLING MATERIALS

11.1 Wiring, interconnects and flexible electronics
11.2 Vacuum and cryogenic lubricants

11.3 Optical coatings and thermal-control surfaces
11.4 Surface treatments and finishes

11.5 EMI shielding and ESD protection

11.6 Specialty materials
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