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The Industrial Opportunity in LEO: Applications, Constraints, and Path to Scale
Ignacio Krasovitzky, Xponential Space

1. Executive Summary

This response is submitted in the context of ESA's Business in Space Growth Network (BSGN) RFI (Scaling Up Commercial
Space Markets), which seeks to understand where credible commercial pull exists in Low Earth Orbit (LEO), what barriers
prevent engagement or scaling, and what forms of support would be most effective in enabling sustainable commercial growth
in the target markets.

It addresses the Health & Life Sciences and Advanced Materials & In-Orbit Manufacturing segments, where our analysis is most
developed, and is offered as a practitioner's view of where the leverage points are and where, in our opinion, ESA's convening
authority and programme design can have the greatest impact on accelerating the transition from latent industrial interest to
sustained commercial activity.

Xponential Space operates at the intersection of commercial space infrastructure and industrial demand activation. Our work
focuses on identifying the structural conditions under which industrial players — particularly in the areas of life sciences and
advanced materials — will transition from exploratory engagement with LEO to sustained, scalable commitment. In practice, this
means engaging with pharmaceutical and biotechnology companies as well as manufacturers of high-performance materials —
including specialty fiber optics, advanced semiconductors, and composite materials — to understand their operational and
economic requirements, working with platform operators and transportation providers to identify where capability gaps are most
consequential, and supporting the development of the demand aggregation, standardization, and logistics frameworks that are
prerequisite to industrial scale.

Our engagement with industrial actors across these sectors has consistently surfaced a common pattern: interest in LEO is
genuine, but commitment is conditional — and the conditions that would unlock it are well understood by the industrial actors
themselves. They are not waiting for further scientific validation. They are waiting for an ecosystem that can meet their
operational and economic requirements: reliable logistics, predictable costs, repeatable workflows, and a clear regulatory
environment.
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The industrial market for LEO is not constrained by a lack of applications or scientific credibility — the applications are identified,
the science is sufficiently established, and the economic logic is clear to anyone who has modeled it carefully. What is constraining
the market is a structural mismatch between what the current ecosystem offers and what industrial users need to build defensible,
multi-year business cases. Resolving that mismatch — not identifying new applications — is the appropriate focus for ESA's
commercialisation strategy in this phase. The market will not self-organize to close that gap; the coordination problem is real and
the incentive structures do not favor spontaneous resolution. ESA's convening authority, procurement leverage, and programme
design capability make it uniquely positioned to intervene in ways that individual market actors cannot. That is the premise on
which this response is built, and the lens through which we assess where ESA's support would have the greatest impact.

2. The Case for LEO: High-Value Applications and Economic Rationale

The economic case for LEO as an industrial environment rests on a specific and testable proposition: that microgravity conditions
alter physical and biological processes in ways that are materially valuable, reproducible, and impossible to replicate terrestrially.
In industrial contexts, this proposition is evaluated by three criteria that determine whether an application is genuinely
commercial: the ability to generate step-change economic value relative to Earth-based alternatives; a clear and defensible pathway
to commercialization; and the potential for repeatability at scale. These are the criteria that separate a research result from a killer
application — and they are the criteria applied throughout this section.

Over the past decade, microgravity research has consistently demonstrated meaningful advantages across several domains — yet
industrial activity in LEO has remained confined to pilot programs, demonstration missions, and grantfunded research.
Scientific validation has been necessary; but it has not been sufficient.

Where the commercial case holds — and the evidence base is now sufficient to assess it with reasonable confidence — the resulting
applications share a common structure: small quantities of output generating disproportionately large economic returns because
performance characteristics, rather than volume, determine value. The advantages they deliver must be quantifiable, modelable,
and defensible to investment committees and boards. By that standard, the number of genuine near-term industrial applications
in LEO is limited — but the ones that qualify are significant, concentrated in domains where microgravity materially and
reproducibly alters physical or biological processes in ways that translate into measurable, monetizable outcomes. The most
credible opportunities are in life sciences and advanced materials. This section examines where the case is strongest today, and
what the economic logic looks like in each domain.

2.1 Health & Life Sciences

The strongest near-term commercial pull in LEO is concentrated in life sciences. This reflects the economic structure of the
pharmaceutical and biotechnology industries, where the value at stake in individual development decisions routinely reaches
hundreds of millions or billions of dollars, and where marginal improvements in decision quality translate directly into
measurable financial outcomes. LEO's unique physical conditions are relevant precisely because they can influence those
decisions at critical pipeline inflection points.

Based on our analysis, the four application areas with the most credible commercial logic are: 1) drug formulation and
optimization, 2) structure-based drug design (SBDD), 3) preclinical disease modeling, and 4) 3D bioprinting.

2.1.1 Drug Formulation and Optimization

Drug formulation and optimization is the most commercially mature application. Microgravity enables improved control over
crystallization processes by suppressing sedimentation, buoyancy-driven convection, and gravity-induced thermal gradients. The
result is a more uniform and controlled processing environment that can produce higher-purity crystal structures with improved
molecular resolution, more consistent particle size distributions, and — critically for biologics — reduced aggregation during
formulation. For drug development programs, this translates into better-characterized candidates, improved stability and
bioavailability profiles, and more reliable structural data to guide medicinal chemistry decisions.

The application is broader than small-molecule crystallization alone. For biologics — antibodies, mRNA therapeutics, and
vaccines — aggregation is one of the primary stability failure modes, with direct consequences for shelf life, immunogenicity, and
regulatory approvability. Microgravity's suppression of sedimentation and convective mixing creates formulation conditions that
may yield superior aggregation profiles compared to terrestrial alternatives. This extends the commercial relevance of microgravity
formulation work into one of the fastest-growing and highest-value segments of the pharmaceutical market. Similarly, long-acting
injectable formulations — where particle size distribution and suspension uniformity are performance-critical — represent a
category where microgravity-enabled processing could deliver meaningful and defensible product advantages.
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Beyond new molecular entities, lifecycle management represents an underappreciated commercial opportunity. For
pharmaceutical companies managing the patent cliff on established blockbuster drugs, a microgravity-enabled reformulation that
demonstrates improved stability, extended shelf life, or a differentiated delivery profile can support new patent filings, extended
market exclusivity, and improved competitive positioning — at a fraction of the cost of developing a new compound. This framing
positions LEO not only as a tool for early-stage discovery but as a strategic asset across the full product lifecycle.

The economic logic is compelling even under conservative assumptions. A well-designed microgravity crystallization experiment
— including experiment design, payload integration, launch, in-orbit operations, sample return, and data analysis — typically costs
in the range of $500,000 to $1 million. That cost must be evaluated against the value at stake in the development decision it
informs. For a drug candidate with a projected peak sales value of $500 million to $2 billion, even a modest improvement in the
probability of clinical success — achievable through better structural data or a more stable formulation — can generate an expected
value impact that is an order of magnitude larger than the experiment cost. Under realistic pharmaceutical economics, well-
executed microgravity experiments targeting the right pipeline inflection points can yield 5-20x return on investment, through
mechanisms including increased probability of regulatory success, reduced risk of costly late-stage failure, accelerated
development timelines, or earlier identification of optimal formulation parameters.

This arithmetic reflects the way pharmaceutical development teams actually evaluate R&D investments when they have sufficient
information to model the decision properly. The implication for ESA's strategy is direct: the economic case for life sciences
applications in LEO is already strong enough to attract committed industrial investment — but only if the surrounding
infrastructure can deliver results within commercially relevant timeframes.

2.1.2 Structure-Based Drug Design

Structure-based drug design represents a closely related but distinct opportunity, and one of the most technically validated use
cases for microgravity — with a substantial body of evidence accumulated through ISS-based protein crystallization research over
more than two decades. Modern drug discovery relies heavily on high-resolution structural characterization of target proteins and
their interactions with candidate compounds. The quality of this structural data is a genuine rate-limiting factor: better crystal
structures enable more precise identification of binding sites, more confident lead optimization decisions, and more efficient use
of synthetic chemistry resources.

Microgravity improves structural outcomes through the same suppression of convection and sedimentation that benefits
formulation work, but with a distinct mechanism and purpose. In the absence of gravity-driven fluid dynamics, protein crystal
growth proceeds more uniformly, producing larger crystals with higher internal order and superior X-ray diffraction quality. The
result is structural data with greater resolution and reliability — enabling more precise characterization of binding sites and more
confident design of next-generation compounds. For targets where Earth-based crystallization consistently yields poor or
inconsistent results, microgravity offers a credible pathway to the structural data that unlocks further development. For these
targets, it is not merely an improvement over terrestrial methods; it may be the only practical route to the data required to
advance.

The commercial relevance is highest — and the economic case most immediate — for two therapeutic areas where structural
complexity and target intractability are most acute: oncology and neurodegenerative diseases. Both fields are characterized by
high-value targets that have resisted terrestrial crystallization efforts, including a significant proportion of membrane proteins, G-
protein-coupled receptors, and multi-domain complexes that represent a large fraction of current drug discovery programs. For
assets in these categories, improved structural data translates directly into more defensible lead optimization decisions, stronger
licensing and partnering packages, and a materially higher probability of progression through early-stage development gates.
Independent assessments of microgravity-enabled structural biology suggest potential value uplift per asset in the range of $10-
50 million, through mechanisms including higher success rates in early discovery, improved target validation, and more
competitive partnering terms.

2.1.3 Preclinical Disease Modeling

Preclinical disease modeling offers a different but complementary value proposition to the structural and formulation
applications described above. It addresses what is arguably the most consequential unsolved problem in pharmaceutical
development: the failure of laboratory models to predict human biology with sufficient accuracy to prevent late-stage clinical
failure. The underlying mechanism is distinct from crystallization-based applications. In microgravity, cells are relieved of the
gravitational sedimentation and mechanical compression that constrain terrestrial culture systems, and respond by organizing
into true three-dimensional structures that more closely approximate the architecture and behavior of native human tissue. The
result is not simply a rounder or larger cell aggregate — it is a qualitatively different biological environment in which cell-cell
interactions, signaling gradients, nutrient diffusion, and disease progression dynamics more faithfully replicate what occurs in
the human body. Tumor spheroids develop with greater structural complexity and more representative hypoxic cores. Neuronal
networks form with connectivity patterns closer to in vivo conditions. Cardiovascular and immune system constructs exhibit
functional characteristics that simplified two-dimensional cultures cannot support. These are not incremental improvements;
they represent a different category of experimental system.
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The therapeutic areas with the most immediate commercial relevance are oncology, neurodegeneration, and cardiovascular
disease — precisely the fields where translational failure rates are highest and the cost of late-stage attrition is most acute.
Alzheimer's and Parkinson's research, in particular, has been plagued by preclinical models that fail to replicate the complexity
of neurodegeneration in humans, contributing to an exceptionally high failure rate in clinical development. Microgravity-derived
neuronal constructs that better approximate disease progression could materially improve go/no-go decision quality at the
candidate selection stage — shifting resources away from compounds that will fail in humans and toward those with genuine
therapeutic potential.

The commercial stakes are substantial and quantifiable. Clinical attrition rates in pharmaceutical development consistently
exceed 80-90%, with a significant proportion of failures attributable to inadequate translation between preclinical models and
human biology. The avoided cost of a single late-stage clinical failure can exceed $300-500 million. If microgravity-derived
organoids and tissue models can improve predictive validity — even by a few percentage points across a development portfolio —
the resulting reduction in late-stage attrition would generate economic value that dwarfs the cost of producing and validating
those models.

2.1.4 3D Bioprinting

Three-dimensional bioprinting represents an emerging but strategically significant application that extends the logic of the
preceding sections into the domain of manufacturing. Where organoids and tissue constructs are self-organizing biological
structures, bioprinting introduces precise spatial control — depositing cells, biomaterials, and bioactive factors in defined
architectures to produce functional tissue constructs with predetermined geometry and composition.

Terrestrial bioprinting faces a fundamental constraint: gravity. During and after the printing process, soft biological materials
deform under their own weight before they can stabilize or crosslink. This limits the complexity of printable structures, requires
the use of supporting scaffolds or hydrogels that compromise the biological properties of the final construct, and constrains
achievable geometries to those that are mechanically self-supporting under gravitational load. The practical consequence is a
significant and persistent gap between what bioprinting can theoretically produce and what it can deliver in a terrestrial
environment — a gap that is particularly acute for the soft, geometrically complex tissue types with the highest clinical and
commercial value.

Microgravity removes this constraint entirely. Without gravitational deformation, cells and biomaterials can be deposited and
allowed to self-assemble or crosslink without mechanical support, enabling more complex geometries, thicker constructs, and
structures that more closely approximate the three-dimensional architecture of native tissue. Early demonstrations have validated
this principle across several tissue categories: scaffold-free bioprinting of cartilage, cardiac tissue, and vascular structures has
proven more viable in microgravity than on Earth, with resulting constructs exhibiting superior structural integrity and cellular
organization. Bone and organoid maturation studies have produced similarly encouraging results, suggesting that the microgravity
advantage is not limited to a single tissue type but reflects a general principle applicable across the field.

The commercial implications are significant across two distinct and independently valuable markets. In regenerative medicine
and cell therapy, microgravity-bioprinted tissue constructs — cartilage, vascular grafts, and early-stage organ constructs — could
ultimately serve as implantable or transplantable products, addressing an acute and growing shortage of donor tissue for which
current synthetic alternatives are inadequate. This is a long-horizon application, but the potential market and the strategic IP
value it would generate are among the largest of any LEO application category. In pharmaceutical development, bioprinted tissue
models produced in microgravity could provide more physiologically representative test substrates for drug screening and
toxicology than either standard cell culture or organoid systems — complementing and in some cases replacing the disease models
described in the preceding section, and generating the same portfolio-level attrition reduction value through superior
translational accuracy.

The economic case for orbital bioprinting rests on value-per-unit-mass rather than volume. Bioprinted tissue constructs for
therapeutic applications command among the highest values of any potential LEO product category, which means the
commercial case does not require cost parity with terrestrial production — it requires demonstration of product quality that
cannot be matched terrestrially and a regulatory pathway that allows space-manufactured biological products to reach clinical
application. Both are achievable, though neither is near-term. This makes bioprinting a category that warrants active investment
in demonstration and regulatory groundwork now, to establish the IP positions, clinical evidence, and regulatory frameworks
that will be prerequisite to commercial scale in the medium term. The upside, if that groundwork is laid effectively, is substantial
— and the window for establishing early leadership in what will become a high-value and strategically significant product category
is open now.
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The chart above maps the four life sciences application areas against two dimensions that determine near-term commercial
priority: commercial maturity — the degree to which the application has been validated, priced, and engaged by industrial buyers
— and value density, defined as the economic return achievable per unit of experimental investment. Drug formulation and
optimization and structure-based drug design occupy the high-maturity, high-value-density quadrant, reflecting both their
scientific validation and the existence of clear, quantifiable decision contexts in active pharmaceutical development programs.
Preclinical disease modeling sits in the high-value-density but lower-maturity quadrant: the economic stakes of reducing clinical
attrition are enormous, but the commercial workflow for deploying microgravity-derived organoids within standard drug
development programs is less established. Three-dimensional bioprinting occupies the lower-maturity, high-ceiling quadrant —
the value-per-unit-mass of therapeutic tissue constructs is among the highest of any LEO application, but the commercial pathway
requires further demonstration and regulatory groundwork before it can be positioned as an industrial rather than a research
activity. This positioning informs the sequencing of ESA support: nearterm investment should be concentrated where
commercial maturity is highest, while foundational work in regulatory pathways and operational standards should proceed in
parallel to bring the longer-horizon applications forward.

2.2 Advanced Materials & In-Orbit Manufacturing

Commercial pull in advanced materials is real but more conditional than in life sciences. The underlying physical logic is sound:
the absence of gravity-driven defects — sedimentation, buoyancy-induced convection, and phase separation — enables materials
processing conditions that cannot be replicated in terrestrial facilities, and that can yield measurable improvements in purity,
structural uniformity, and performance characteristics for specific material classes. The commercial case, however, requires that
these performance improvements be sufficiently large and sufficiently defensible to justify the cost premium of orbital
production. Not all material applications clear this threshold; the ones that do share common characteristics that define the
viable near-term commercial space.

ZBLAN fiber optics represent the most commercially mature materials application and the one closest to a credible near-term
business case. ZBLAN — a heavy-metal fluoride glass used in mid-infrared fiber optic applications — is limited in its terrestrial
form by crystalline defects that form during cooling as gravity drives convective flows and particle sedimentation. These defects
increase signal attenuation, limiting the performance of ZBLAN fiber in applications where its mid-infrared transmission
properties are otherwise highly advantageous. Orbital production, by suppressing convection and sedimentation during the
cooling process, could yield fibers with substantially lower attenuation — potentially one to two orders of magnitude lower than
the best terrestrial equivalents in relevant wavelength ranges.

The market implications are significant. Lower-attenuation ZBLAN fiber opens commercially valuable applications in medical
imaging and surgical systems, environmental sensing, defense and security systems, and mid-infrared telecommunications that
are currently cost-prohibitive or technically limited using terrestrial ZBLAN. The value-per-unit-mass of high-performance
specialty fiber is high, and the addressable market for applications enabled by significantly improved mid-infrared performance
is substantial. Critically, the performance premium of orbital ZBLAN is not marginal — it is potentially transformative for the
application categories it enables, which means the economic case for orbital production does not depend on cost parity with
terrestrial alternatives but on performance differentiation that commands a premium price.
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Advanced semiconductors and specialty alloys present a similar logic applied to different material systems. Semiconductor
substrates where compositional uniformity is performance-critical — particularly compound semiconductors used in power
electronics, photonics, and radio-frequency applications — could benefit from microgravity processing conditions that reduce
segregation and improve crystal quality. Specialty alloys where microstructural uniformity determines mechanical, thermal, or
electrical performance represent a parallel opportunity. In both cases, the commercial case depends on demonstrating a
performance advantage that is large enough to justify the cost premium and repeatable enough to support production planning.

The common characteristic across all viable materials applications in the near term is value density: the ability of small quantities
of material to generate disproportionately high economic returns because performance characteristics, rather than volume,
determine value. This framing has direct implications for ESA's support strategy. Near-term materials manufacturing in LEO is
not a volume business and should not be evaluated as one. It is a specialty production business serving high-performance markets
where material quality is the primary competitive differentiator. Programme design, infrastructure requirements, and success
metrics should reflect this.

Additive manufacturing and thin films represent a somewhat longer-horizon opportunity. In-orbit additive manufacturing
benefits from microgravity in applications where gravitational effects constrain geometry, introduce anisotropy, or require
support structures that compromise material properties. Thin film deposition in the space environment — leveraging vacuum
conditions, thermal cycling, and the absence of atmospheric contamination — could enable surface properties difficult to achieve
terrestrially. These applications are less mature than ZBLAN or semiconductor processing, but warrant tracking as orbital
manufacturing infrastructure develops and as the cost of access to the space environment declines.
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The chart above maps the primary materials application areas against commercial maturity and the magnitude of the performance
premium over terrestrial alternatives — the two dimensions that determine whether the cost of orbital production can be justified.
ZBLAN fiber optics occupy the high-maturity, high-premium quadrant: the attenuation advantage of orbital ZBLAN over the
best terrestrial equivalents is potentially transformative rather than incremental, and the commercial engagement around this
application is more advanced than any other materials candidate. Advanced semiconductors and specialty alloys sit in the
validated but cost-constrained quadrant — the physical logic is sound and the performance advantage credible, but the commercial
case requires further cost reduction and production consistency to clear the threshold for sustained industrial commitment.
Additive manufacturing and thin films occupy the longer-horizon quadrant: the performance advantages of conducting these
processes in the space environment are real, but the pathway to commercial production is less defined and more dependent on
the maturation of broader orbital infrastructure. As with life sciences, this positioning should inform the sequencing of ESA
support — concentrating near-term investment where the performance premium is largest and the commercial case most
developed, while maintaining the foundational work that will bring longer-horizon applications forward as infrastructure costs
decline.
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2.3 Intellectual Property as a Value Multiplier

The intellectual property dimension cuts across all applications in both segments addressed by this response — life sciences and
advanced materials — and deserves specific attention. In the pharmaceutical, biotechnology, and advanced materials industries,
intellectual property is the primary store of commercial value. Patent protection underpins asset valuation, licensing potential,
market exclusivity, and the competitive positioning of development-stage companies seeking investment. Microgravity-enabled
insights can generate IP in several distinct forms across both domains.

In life sciences, these include novel formulations with improved stability or bioavailability profiles; improved molecular structures
identified through higher-resolution structural data; differentiated biological manufacturing processes that cannot be replicated
terrestrially; new composition-of-matter or method-of-use patents that extend the patent life and competitive moat of an asset;
and proprietary disease models or tissue constructs that underpin platform IP in regenerative medicine and drug screening.

In advanced materials, the IP implications are equally significant but take different forms. A materials production process that
demonstrably requires microgravity conditions — whether for ZBLAN fiber attenuation performance, semiconductor crystal
purity, or specialty alloy microstructural uniformity — is inherently defensible as a process patent, because the enabling condition
cannot be replicated by a terrestrial competitor regardless of their investment in equipment or process optimization. This creates
a category of IP that is structurally protected not by legal strategy alone but by physics — a rare and commercially valuable
characteristic. Similarly, novel material compositions or performance specifications first achieved in orbit, and subsequently
demonstrated to be unachievable terrestrially, can support composition-of-matter patents with strong freedom-to-operate
positions. For advanced materials firms operating in markets where performance differentiation is the primary basis of
competition, this combination of process and composition IP can represent a durable and defensible competitive moat.

This IP value is strategically significant and systematically underweighted in current assessments of LEO's commercial potential
— partly because it is difficult to quantify prospectively and partly because it does not appear directly in experiment-level ROI
models. But for development-stage companies and for the investment community that funds them, IP-generative activities in
LEO are strategically valuable in ways that justify significant investment. The investment case for a microgravity experiment
changes materially when the output is not just data but a defensible IP position that can be licensed, partnered, or used to secure
regulatory exclusivity.

ESA's programme design should reflect this by supporting the conditions under which [P-generating activities can be conducted
reliably and repeatedly, and by actively addressing the regulatory and legal uncertainties that currently create hesitation around
IP ownership and protection for space-derived innovations. Clarity on ownership frameworks for innovations arising from
activities conducted on multi-party platforms, on the treatment of space-derived data and materials under existing patent law,
and on the regulatory status of space-manufactured products are not peripheral concerns — they are prerequisites for unlocking
the full commercial value of LEO-based industrial activity.

2.4 Commercial Readiness Assessment

The application areas discussed above vary significantly in their readiness for commercial scale — not only technically, but across
the market, operational, and regulatory dimensions that determine whether technical capability can translate into sustained
industrial activity. The framework below summarizes the current readiness profile of each application area across four
dimensions:

= Technical Readiness: degree to which the microgravity advantage is scientifically validated

= Market Readiness: existence of identified customers and willingness to pay at current or near-term cost levels

=  Operational Readiness: availability of the logistics, platform, and integration infrastructure required to support
repeatable execution

= Regulatory Readiness: clarity of the regulatory pathway for space-derived data, materials, or products

Application Techfxical Mark.et Oper:ational Regu.latory
Readiness Readiness Readiness Readiness
Drug formulation & optimization High High Medium Medium
Structure-based drug design (SBDD)  High High Medium Medium
Organoid & tissue modeling Medium-High Medium Low-Medium Low-Medium
3D Bioprinting Medium Medium Low Low
ZBLAN fiber optics High Medium-High Low-Medium Medium
Specialty semiconductors & alloys Medium Medium Low Medium
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The pattern is consistent across application areas: technical readiness is relatively advanced, while operational and regulatory
readiness lag significantly. This confirms the central argument of this response — that the binding constraint on industrial
adoption is not scientific validation but ecosystem maturity — and points directly to the areas where ESA support would have the
greatest leverage. Closing the operational and regulatory readiness gaps across the application areas where technical and market
readiness are already strong is the highest-priority task for the next phase of BSGN programme design.

2.5 The Scale of the Opportunity

Multiple independent market assessments place the current microgravity research and manufacturing market in the range of $3-
4 billion, with projected compound annual growth rates of approximately 10% through the early 2030s, driven primarily by
pharmaceutical adoption and the expansion of private LEO platform capacity.

Private capital is following: companies focused on microgravity-enabled pharmaceutical processing have raised significant funding
rounds in the past eighteen months, and returned payloads with commercially relevant crystallization results are moving from
proof-of-concept to early commercial demonstration.

The timing is significant: with the ISS scheduled for decommissioning by the end of the decade, the transition to commercially
operated platforms is an active infrastructure shift already underway. Private commercial stations and dedicated uncrewed return
capsules are expanding the cadence and accessibility of orbital experimentation beyond what the ISS alone can support, and will
increasingly define the terms on which industrial users access microgravity capabilities.

These are the early signals of a market transition, not a mature market — and the architecture of that market is being set now.
The window for ESA to shape European participation in that transition, rather than respond to it after the critical infrastructure
and standards decisions have been made, is open but finite.

The markets into which LEO-enabled applications feed are large enough that even marginal improvements in development
outcomes generate substantial absolute value. The global biologics R&D market exceeds $250 billion; global pharmaceutical
R&D spending exceeds $300 billion annually. Tissue engineering and regenerative medicine, though earlier stage, represent a
projected market of $20-40 billion within the decade. Specialty fiber optics address a market exceeding $10 billion, with ZBLAN-
enabled applications representing a high-value subset currently constrained by terrestrial production limitations. Advanced
semiconductors — where microgravity processing could improve crystal quality for power electronics and photonics — sit within
a global market exceeding $600 billion.

The table below summarizes the market context for the primary application areas discussed above:

Application Area Global Market Context LEO Leverage Point

Biologics R&D $250B+ Crystallization, formulation optimization

Microgravity-enabled decision support at pipeline

Drug Development $300B+ annual R&D spend inflection points

Tissue Engineering & . . . s
Regenerative Medicine $20-40B projected Organoid modeling, scaffold-free bioprinting
Specialty Fiber Optics $10B+ ZBLAN production for mid-infrared applications

High-purity crystal substrates for power electronics

Advanced Semiconductors $600B+ .
and photonics

These figures are not the LEO opportunity in themselves. The relevant frame is not total addressable market but leverage: the
degree to which LEO-enabled capabilities can influence outcomes in markets where the value at stake per decision is extremely
high. A $1 million microgravity experiment that improves the probability of success of a drug candidate with $500 million peak
sales potential is not competing for a share of the $300 billion R&D market — it is delivering leverage on a specific decision
within it. This distinction matters for how ESA frames its support strategy: the industrial LEO market is not a volume play, it is
a leverage play, and its economic significance should be evaluated accordingly.

The case for ESA investment is not that LEO will capture a meaningful share of these markets in aggregate — orbital
manufacturing will remain a high-value, specialist activity for the foreseeable future, not a volume alternative to terrestrial
production. The case is more precise: that specific, well-defined decision points within these markets are disproportionately
sensitive to the quality of structural data, formulation performance, or material purity that only microgravity conditions can
reliably deliver; that the value at stake at those decision points is large relative to the cost of accessing LEO; and that Europe has
the scientific base, the industrial capability, and the institutional framework to lead the development of the ecosystem that makes
those interventions possible — but only if the foundational infrastructure, logistics capacity, and policy conditions are established
within the current window.
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3. Barriers to Industrial Adoption and Scale

The barriers that prevent industrial actors from engaging or scaling in LEO are structural rather than scientific or technical. They
are well understood by the potential user community and consistently surface in conversations with pharmaceutical companies,
materials firms, and advanced manufacturing organizations that have evaluated microgravity-based activities. Addressing them
requires not just improved hardware, but changes in how the commercial LEO ecosystem is organized, priced, and operated.
From a market perspective, demand should be understood as latent rather than absent — the interest is genuine, but the
commitment is conditional.

This gap has structural roots. The ISS was designed as a scientific laboratory, not an industrial platform, and its logistics
architecture, operational cadence, and cost structure were optimized accordingly. The scientific validation it has enabled is
valuable — but it has not been sufficient to trigger the transition to scalable industrial operations.

3.1 Access, Cadence, and Return Capability

Logistics is the primary constraint on industrial adoption of LEO, and the gap between current capability and industrial
requirements is substantial. Industrial development workflows — particularly in life sciences — are structured around rapid
iteration. A drug development team optimizing a formulation or validating a crystallization protocol needs to receive results,
analyze them, adjust the experimental design, and run the next iteration within a timeframe compatible with their overall
development schedule. That timeframe is typically measured in days to weeks, not months.

Current return timelines from LEO routinely stretch to months, and are frequently unpredictable in ways that compound the
problem. An experiment that cannot return samples within a commercially relevant timeframe, or whose return schedule cannot
be planned against with confidence, cannot be integrated into an active development program. The result is that LEO-based
activities are structurally confined to a research mode — conducted opportunistically, on extended timelines, and without the
iterative workflow that characterizes productive industrial R&D. This is a hard operational constraint.

The problem has three distinct but compounding dimensions: access, cadence, and return. Each constrains industrial adoption
independently; together, they define the gap between what the current ecosystem offers and what industrial users require.

On the access side, the barriers begin before a single experiment is designed. Securing a slot on a commercial platform or
transportation system currently requires navigating a fragmented market of providers with limited transparency on availability,
pricing, and lead times. Integration timelines — from initial engagement to flight-ready payload — routinely extend to twelve
months or more, placing LEO outside the planning horizon of most active development programs. Industrial users do not
evaluate access in isolation; they evaluate it against the pace of their existing workflows. A capability that requires a year of lead
time to access cannot be incorporated into a program that operates on quarterly decision cycles. Simplifying and accelerating the
access process — through standardized onboarding, published availability schedules, and reduced integration lead times — is thus
a prerequisite for industrial engagement.

On the return side, a pharmaceutical company evaluating whether to integrate LEO into its development workflow is not
evaluating a single experiment. It is evaluating whether LEO can be a reliable component of a multi-year development process.
That evaluation depends critically on logistics reliability: if return schedules are uncertain, if samples can be delayed or lost, or if
turnaround times are incompatible with program timelines, the answer is no, regardless of the scientific merit of individual
experiments. Logistics reliability is a threshold requirement, not a preference.

On the cadence side, industrial R&D and production workflows are built on repetition. Process validation requires running
experiments multiple times under controlled and comparable conditions. Learning curves require iterating on protocol design
across a series of experiments. Standard operating procedures require enough execution history to be confident that a given
protocol produces consistent results across runs. None of this is possible with the current flight frequency, which limits most
industrial users to one or two opportunities per year at best, often with significant uncertainty about timing. The consequence
is that LEO currently enables scientific experimentation — isolated demonstrations of what is possible under microgravity
conditions — but not industrial R&D, which requires the accumulation of process knowledge through repeated execution. For
most life sciences workflows, monthly access to orbit with reliable return would represent a meaningful threshold — sufficient to
support iterative experimental programs that can feed into active development timelines.

Higher cadence also has compounding effects not captured by simply counting experiment opportunities. More frequent
missions enable faster learning, reducing the number of experiments required to validate a process. They enable more responsive
experimental design, allowing teams to incorporate results from one mission into the next while the program context is still
active. They build institutional capability and expertise within user organizations, lowering the effective cost and complexity of
subsequent missions. These compounding effects mean the industrial value of increased cadence is substantially larger than a
linear extrapolation from individual experiment value would suggest.
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The asymmetry of impact is worth emphasizing across all three dimensions. Improvements in access simplicity, return reliability,
and mission frequency have a disproportionate effect on industrial willingness to engage. A 30-40% reduction in average return
timelines, combined with more predictable access schedules and shorter integration lead times, could shift a significant number
of potential industrial users from interested but uncommitted to actively planning. The investment required to achieve these
improvements is likely to generate more industrial demand per euro spent than equivalent investment in platform capability or
experimental hardware.

3.2 Unit Economics and Cost Predictability

The cost of conducting activities in LEO is high in absolute terms, but the more significant barrier for industrial adoption is
often cost unpredictability rather than cost level. Industrial organizations plan R&D investments on annual and multi-year
budget cycles. They allocate resources based on expected costs and expected returns, and they require sufficient confidence in
both to justify commitment. A tool or capability with a known, stable cost — even a high one — can be budgeted for, evaluated
against alternatives, and integrated into a program plan. A tool with uncertain, variable, or opaque costs cannot be.

Current pricing structures in the commercial LEO market are characterized by limited transparency, significant variability across
providers and missions, and a lack of the standardized unit economics — cost per experiment, cost per kilogram, cost per sample
return — that industrial users need to build robust business cases. This opacity is not the result of deliberate pricing strategy; it
reflects the current state of a market that is still organized around bespoke mission design rather than standardized service
delivery. But its effect on industrial adoption is significant: potential users who cannot model costs with reasonable confidence
cannot make the investment case internally, regardless of the scientific or strategic merit of LEO-based activities.

Cost reduction remains important alongside predictability. As utilization increases, mission architectures become more
standardized, and competition among service providers intensifies, unit costs should decline — improving the economic case for
a broader range of applications and enabling industrial users who are currently at the margin of viability to commit. But cost
reduction without predictability improvement will not unlock the full potential of the industrial market. Both dimensions need
to be addressed, and the sequencing matters: predictability improvements that enable industrial users to build business cases can
be achieved faster than the structural cost reductions that require significant increases in market scale.

3.3 The Competitive Landscape of Terrestrial Alternatives

The competitive context adds urgency. Terrestrial alternatives in Al-driven drug discovery, high-throughput screening, digital
twin simulation, and advanced materials synthesis are improving rapidly. The economic bar that LEO must clear to attract
industrial investment is not fixed — it is rising. This argues for prioritizing applications and business models where LEO's physical
uniqueness provides an irreducible and durable advantage, and for moving quickly on the structural improvements that would
allow those applications to scale before terrestrial alternatives close the gap.

LEO Application Positioning
Vulnerability to terrestrial competition vs. time to commercial viability

Long PRIORITISE & SCALE ACT FAST OR LOSE WINDOW

Irreducible physical advantage

BUILD FOUNDATIONS NOW MONITOR

Time to Commercial Viability

ZBLAN
Fiber

.
Drug
Formulation

SBDD

Near-term priority Build foundations Conditional / act fast Monitor only

High

Vulnerability to Terrestrial Competition

Dashed border = performance advantage potentially replicable by advancing terrestrial technology
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3.4 Operational Complexity and Integration Barriers

Payload integration in the current LEO ecosystem requires a level of customization, coordination, and specialized expertise that
is incompatible with the operational models of most industrial organizations. Each mission involves bespoke engineering work
to adapt experimental hardware to platform interfaces, bespoke coordination with platform operators on safety review and
mission planning, and bespoke operational support during the mission itself. The lead times associated with this process —
typically measured in months to years from initial engagement to flight — are incompatible with the pace of industrial R&D
programs.

Industrial organizations are accustomed to operational environments where processes are modular, documented, and repeatable.
Laboratory instruments have standard interfaces. Analytical services have standard submission procedures and turnaround times.
Contract research organizations have standard operating procedures that can be audited and validated. None of this modularity
exists in the current LEO payload market, which means that each new industrial user must essentially rebuild the operational
knowledge required to conduct activities in LEO from scratch. This is a significant barrier to entry, and an even more significant
barrier to scaling beyond initial pilot programs.

The solution is standardization — of payload interfaces, of data protocols, of safety review procedures, of operational workflows,
and of the documentation and training materials that allow new users to onboard efficiently. Standardization reduces integration
complexity, compresses lead times, lowers effective costs, and enables the transfer of process knowledge across missions and users
that is prerequisite to the development of industrial-grade operational capability. It also enables automation: standardized payload
environments are amenable to automated monitoring, data collection, and even experimental control in ways that bespoke
configurations are not, further reducing the dependence on specialized human expertise that currently limits scalability.

3.5 Regulatory and Legal Environment

The regulatory environment for commercial LEO activities — particularly in life sciences — introduces uncertainties that are
significant for industrial players operating in heavily regulated industries. Pharmaceutical and medical device companies are
accustomed to detailed regulatory guidance on every aspect of their development processes, from materials sourcing to analytical
methods to manufacturing conditions. The absence of equivalent guidance for space-derived data and materials creates regulatory
risk that risk-averse corporate actors treat as a barrier.

Specific uncertainties include the regulatory status of drug candidates or formulations developed or optimized using microgravity
data, the chain-of-custody and sample integrity requirements for space-returned biological materials, the validation standards
applicable to analytical data generated in orbit, and the intellectual property ownership framework for innovations arising from
activities conducted on platforms operated by multiple parties under complex contractual arrangements. None of these
uncertainties is insurmountable, but in the absence of clear regulatory guidance, conservative legal and regulatory teams will
counsel against engagement — and in large pharmaceutical organizations, that counsel is frequently decisive.

ESA is well-positioned to engage with European regulatory authorities — EMA, national competent authorities, and relevant
standards bodies — to develop the guidance frameworks that would reduce this uncertainty. This is not a technical problemy; it is
a policy and institutional coordination problem that ESA's convening authority and relationships make it uniquely positioned
to address.

The matrix to the right maps the five structural barriers to LEO industrial . .
Barrier-Leverage Matrix

adoption against two dimensions that determine where ESA intervention is most Impact on industri

doption vs. ESA's leverage to address

warranted: the impact of each barrier on industrial users' willingness to commit, ,

and ESA's practical leverage to address it. FIGHIMPACT LOWLEvERAGE renmener-men 22

& Return
The barriers that matter most for programme design are those in the upperright 0

quadrant — access, cadence and return capability; operational complexity; and
the regulatory and legal environment. These are not only the constraints with
the greatest influence on industrial adoption decisions; they are also the ones
where ESA's convening authority, procurement leverage, and programme design
capability give it meaningful ability to intervene directly.

VERAGE LOW IMPACT - HIGH LEVERAGE

Unit economics sits in the upperleft: the impact on adoption is equally high,

Impact on Industrial Adoption

but ESA's leverage is more limited — cost reduction is ultimately driven by

market scale, utilization, and competition rather than by institutional action
alone, though ESA can materially improve cost transparency and predictability.

The competitive landscape sits in the lowerleft: a contextual constraint that Low
sharpens the case for prioritization but not an actionable target for programme
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investment. The alignment between impact and leverage in the upperright is
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4. Priorities for ESA Engagement and Support

The forms of ESA support most likely to accelerate industrial engagement and scale in LEO are those that directly address the
structural barriers identified above. We organize our recommendations around five priority areas.

4.1 Infrastructure and Logistics

Improving access to LEO is the entry point for everything else. Industrial users cannot evaluate logistics reliability, experiment
with mission cadence, or build iterative workflows if the process of securing a flight opportunity in the first place is opaque, slow,
and fragmented. ESA should support the development of streamlined, standardized access pathways — published availability
schedules, transparent pricing frameworks, and reduced integration lead times — that allow industrial organizations to plan LEO-
based activities within normal R&D budget and program cycles. This could take the form of a brokerage or matchmaking
function that aggregates available capacity across platform and transportation providers and presents it to industrial users in a
format compatible with their procurement processes. The goal is to reduce the time and expertise required to go from "we want
to run an experiment in LEO" to "we have a confirmed flight slot and a clear cost estimate" from months to weeks.

Beyond access, supporting the development of higherfrequency, lower-cost, and more reliable return capability is the single
highest-impact infrastructure investment ESA can make in the industrial LEO market. This could take several forms: direct
support for the development or procurement of dedicated sample return vehicles, including European initiatives such as Space
Rider which represent a strategically important step toward sovereign downmass capability; hosted payload agreements that
provide predictable return slots on commercial transportation systems; investment in in-orbit sample handling and preservation
infrastructure that extends the window of viable sample return; or procurement guarantees that underwrite the economics of
increased return flight frequency. Accelerating Space Rider's operational readiness and ensuring its availability to commercial
and industrial users on predictable, published schedules would directly address one of the most consequential gaps in the current
European LEO ecosystem.

The key design principle for any logistics support mechanism is that it must deliver reliability and predictability, not just capacity.
Industrial users need to plan against a schedule. A high-capacity return system that operates on unpredictable schedules delivers
less industrial value than a lower-capacity system with a reliable, published timetable. The same applies to access: a large inventory
of available flight slots that cannot be confirmed, priced, or planned against is not meaningfully different from no inventory at
all.

4.2 Demand Aggregation and Ultilization Support

Individual industrial users — particularly early adopters conducting initial pilot programs — cannot on their own generate the
utilization levels required to justify higher mission frequency or lower unit costs from transportation and platform providers.
The market faces a classic chicken-and-egg problem: industrial users need higher cadence and lower costs before they will commit,
but higher cadence and lower costs require committed utilization. Breaking this impasse requires active demand aggregation.

ESA is uniquely positioned to play this role. By pooling demand across industrial users, research institutions, international civil
actors, and BSGN programme participants, ESA can create the utilization base that justifies more frequent and more predictable
commercial LEO missions. This aggregation function could be structured as a block purchase of mission capacity, as a
matchmaking and coordination service, or as a programmatic commitment to guaranteed utilization levels that underwrite
commercial transportation and platform economics.

The demand aggregation role also creates a platform for developing the shared infrastructure and standards that benefit all
industrial users — common payload interfaces, shared data protocols, joint regulatory engagement — in ways that individual users,
each operating on their own, could not achieve.

4.3 Standardization and Operational Maturity

The operational complexity of accessing LEO is not solely a function of cost or logistics — it is a function of how the ecosystem
is organized. Every industrial user who engages with LEO today must navigate a bespoke environment: custom payload interfaces,
provider-specific safety review procedures, non-transferable process knowledge, and integration workflows that must be rebuilt
from scratch for each mission. The result is that operational expertise does not compound across users or across missions. Each
engagement is effectively a first engagement, and the learning curve is paid in full every time.

The solution is standardization. The goal is a payload environment that functions, from the industrial user's perspective, as plug-
and-play: a known interface, a documented process, a predictable outcome. Laboratory instruments work this way. Contract
research organizations work this way. For LEO to be integrated into industrial workflows at scale, it must work this way too —
not because industrial users are unwilling to invest in new capabilities, but because they will not build core workflows around
infrastructure they cannot rely on to behave consistently.
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ESA should actively promote the development of open standards for LEO payload integration — covering physical interfaces,
data formats, safety review procedures, and operational protocols — and encourage their adoption across commercial platform
operators and transportation providers. This is a coordination function the market will not perform spontaneously. Individual
operators have limited incentive to standardize in ways that reduce their differentiation or increase interoperability with
competitors.

ESA's convening authority and procurement leverage make it the appropriate actor to create that incentive structure. In practice,
this means making conformance to open standards a condition of BSGN support, funding the development of reference designs
and validation frameworks, and using procurement mechanisms to reward providers who adopt interoperable standards. Over
time, standardization reduces integration complexity, compresses lead times, enables automation, and lowers the effective cost
of accessing LEO for industrial users. It also enables the transfer of process knowledge across missions and users — the
accumulation of operational expertise that is prerequisite to industrial-grade reliability, and that the current bespoke model
structurally prevents.

4.4 Economic Visibility and Business Case Development

ESA should support the development of transparent, standardized frameworks for modeling the economics of LEO-based R&D
and manufacturing activities. This includes cost modeling tools that allow industrial users to estimate cost per experiment, cost
per kilogram, and cost per iteration under different mission architectures; return-on-investment frameworks tailored to the
specific decision contexts of pharmaceutical development, materials characterization, and advanced manufacturing; and market
intelligence on pricing trends and the trajectory of unit cost reduction as the commercial LEO market scales.

This is lower-cost and higher-impact than it might appear. Many potential industrial users have not engaged seriously with LEO
because they lack the internal expertise to build a credible business case — not because the economics are unfavorable, but because
the information required to model them is not readily accessible. Lowering this barrier could unlock engagement from a
significant number of organizations that are currently on the sidelines.

4.5 Regulatory Pathway Development

ESA should engage proactively with EMA and relevant European regulatory authorities to develop guidance frameworks for
space-derived pharmaceutical data, biological materials, and manufacturing processes. The goal is not to create a separate
regulatory track for space-derived products — which would be neither practical nor desirable — but to provide clarity on how
existing frameworks apply to the specific conditions of LEO-based experimentation and production. Clear regulatory guidance
reduces the perceived risk of LEO engagement for corporate actors operating in regulated industries and enables legal and
regulatory teams to assess and manage that risk in an informed way, rather than defaulting to conservative avoidance.

ESA should also engage with intellectual property authorities and relevant standards bodies to clarify the IP ownership and
protection framework for innovations arising from activities conducted in LEO, particularly on platforms operated by multiple
parties or under complex international arrangements.

4.6 Distinguishing high-leverage from low-leverage interventions

Clarity on what ESA should prioritize requires equal clarity on what is unlikely to move the needle. Further investment in one-
off demonstration missions — conducted without the surrounding logistics, cadence, and standardization infrastructure required
to translate results into repeatable workflows — will not accelerate industrial adoption. The scientific validation of LEO's
capabilities is sufficiently established in the application areas discussed here; the constraint is not knowledge, it is execution.
Similarly, payload development support that is not accompanied by solutions to the access, return, and cadence problems
described above addresses the wrong end of the bottleneck. A well-designed experiment that cannot be returned on an industrially
compatible timeline, or that cannot be repeated frequently enough to support process validation, does not advance the industrial
market regardless of its technical quality.

The most effective allocation of ESA resources at this stage is heavily weighted toward the ecosystem conditions — logistics,
standardization, demand aggregation, regulatory clarity, and economic visibility — that allow existing applications to scale, rather
than toward the identification and demonstration of new ones. This is not a permanent prescription; as the ecosystem matures
and new application areas emerge, the balance will shift. But in the current phase, the marginal value of another demonstration
mission is low relative to the marginal value of infrastructure and coordination investments that make the demonstrations already
conducted commercially actionable.

Response to ESA BSGN Request for Information: Scaling Commercial Activity in LEO



!‘
Xpol

nentlol

5. Business Models and Market Pathways

The commercial LEO market will not develop through a single inflection point. It will develop in phases, each with distinct
demand characteristics, infrastructure requirements, and business model structures. Understanding that phased trajectory is
essential for ESA programme design: support mechanisms calibrated to the wrong phase — too early, too aspirational, or too
infrastructure-focused without corresponding demand development — will underdeliver regardless of their scale. This section sets
out the business models most viable at each phase of market development, the conditions required for the transition between
phases, and the practical roadmap through which European industrial actors can move from initial engagement to sustained
commercial activity. It also proposes the programme-level indicators that would allow ESA to track genuine market development
rather than activity proxies.

The framing throughout is deliberately commercial rather than scientific. The question is not what microgravity can do — that is
addressed in Section 2 of this document — but how LEO-based capabilities can be packaged, priced, and delivered in ways that
allow industrial users to build them into core workflows and investment decisions. That reframing, from capability to service, is
the central business model challenge of the current phase, and the one on which ESA's support can have the most direct leverage.

5.1 Near-Term: High-Value, Decision-Critical Applications

The most viable near-term business models in life sciences share a common structure: positioning LEO-based services as high-
stakes R&D tools for pharmaceutical and biotech companies at specific, well-defined pipeline inflection points where the quality
of a development decision has outsized consequences for program outcomes.

The customer, in this model, is not a research budget — it is an active development program with a defined decision gate, a
known timeline, and a quantifiable value at stake. The service being sold is not access to microgravity per se, but improved
decision quality at a moment when that improvement is worth significantly more than the cost of the experiment. Crystallization
services positioned as formulation decision support ahead of IND filing, structural biology services positioned as lead
optimization support at the candidate selection stage, organoid services positioned as translational validation support ahead of
Phase [ entry — these are the framings that allow LEO-based services to compete for pharmaceutical R&D budgets on economic
rather than novelty grounds.

The same logic applies to biologics lifecycle management. For pharmaceutical companies managing patent expiry on established
products, a microgravity-enabled reformulation that demonstrates improved stability, a differentiated delivery profile, or a new
polymorph can support new patent filings and extended market exclusivity at a fraction of the cost of developing a new
compound. This positions LEO not only as a tool for early-stage discovery programs but as a commercially relevant asset across
the full product lifecycle — expanding the addressable customer base significantly beyond early-stage biotech to include large
pharmaceutical companies with established portfolios and active lifecycle management programs.

In materials science, the analogous nearterm model is specialty production for performance-critical applications where a
demonstrable and sustained performance premium commands a price that justifies orbital production costs. ZBLAN fiber for
medical imaging, environmental sensing, and defense applications is the clearest current example. The sales cycle for this model
is longer than for life sciences — it requires demonstrating not just technical feasibility but production consistency across multiple
runs — but the market, once accessed, is potentially sticky: customers who have designed ZBLAN's superior attenuation
characteristics into their systems have limited ability to substitute terrestrial alternatives without fundamental redesign. That
switching cost is a durable commercial advantage that justifies the longer initial sales cycle.

5.2 Medium-Term: Repeatable Workflows and Early Production

As logistics improve, costs decline, and operational standards mature, the medium-term pathway involves expanding from
bespoke, high-value pilot programs to more repeatable and standardized workflows. In life sciences, this means moving from
individual crystallization or organoid experiments toward ongoing research service relationships with pharmaceutical companies
— recurring contracts for experimental capacity that are budgeted and planned on a programmatic basis rather than evaluated
experiment by experiment. The transition from transactional to relational commercial models is a critical threshold: it is the
point at which LEO enters a company's operational planning rather than its opportunistic R&D budget, and at which the
demand signal becomes durable enough to underwrite infrastructure investment by platform and transportation providers.

In advanced materials, the medium-term pathway involves demonstrating sufficient production consistency to move from sample-
scale demonstrations to small-scale production runs for specialty markets. This requires not just technical capability but the
operational maturity — quality management systems, sample traceability, process documentation, and supplier qualification
frameworks — that specialty materials buyers require before integrating a new supplier into their supply chain. The bar is high,
but it is well-defined: materials companies know what they need from a qualified supplier, and the path to meeting those
requirements is navigable with the right operational infrastructure and ESA support.
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Both transitions require a category of commercial intermediary that is currently underserved in the European market:
organizations capable of translating between the operational language of LEO platform operators and the procurement, quality
management, and regulatory requirements of pharmaceutical and materials companies. This intermediary role — encompassing
payload integration management, quality assurance, regulatory navigation, and customer relationship management — represents
a significant commercial opportunity for European companies positioned to develop it. ESA can catalyze its emergence by
creating the demand conditions and standards frameworks within which such intermediaries can build viable businesses.

5.3 Long-Term: Continuous Production and Platform Economies

The long-term pathway — continuous in-orbit production with minimal human intervention, serving multiple industrial users
through shared platform infrastructure — is a decade-scale horizon. Its realization depends on the success of the near- and
medium-term phases: on demonstrating that LEO-based services can deliver consistent, high-quality outputs at costs that continue
to decline, and on building the customer relationships, regulatory frameworks, and operational standards that a mature industrial
platform requires.

The long-term vision is not a single large facility serving a captive market, but a competitive ecosystem of specialized platforms —
some optimized for life sciences processing, some for advanced materials manufacturing, some for hybrid applications —
competing for industrial customers on the basis of service quality, cost, cadence, and operational reliability. This ecosystem will
not emerge spontaneously. It requires the foundational investments in logistics, standardization, demand aggregation, and
regulatory clarity that ESA's BSGN programme is positioned to catalyze today. The decisions made in the current phase will
determine whether Europe participates in that ecosystem as a shaper or as a dependent user.

5.4 A Phased Pathway to Commercial Scale

Translating the commerecial logic described above into sustained industrial activity requires a structured approach that sequences
investment and derisking in alignment with the evidence base available at each stage. The following framework reflects the
operational reality of pharmaceutical and advanced materials development and provides a practical basis for ESA programme
design.

Phase 0 — Candidate identification and terrestrial screening (0-3 months).

Before committing to orbital experimentation, industrial users should conduct systematic terrestrial screening — using
hypergravity centrifugation, simulated microgravity environments, and computational modeling — to identify the specific
compounds, formulations, or material systems most likely to exhibit beneficial behavior in microgravity. Investing in orbital
experimentation without this pre-selection step is inefficient and increases the cost of the learning process unnecessarily. ESA
can support this phase by funding the development of standardized screening protocols and by helping industrial users access
the analytical capabilities required to conduct it. Investment at this stage has a high leverage ratio: a well-executed screening
program can reduce the number of orbital experiments required to reach a validated result by a factor of three to five.

Phase 1 — Small-batch orbital experiments (3-12 months).

With candidates identified, the next step is a series of focused orbital experiments — ideally three to six missions with prioritized
candidates — designed to demonstrate the expected microgravity effect under controlled conditions and establish a baseline for
process characterization. Uncrewed return capsules and hosted payload slots offer the most cost-effective access at this stage. The
goal is not commercial production but experimental confirmation and initial process data. ESA's role is to facilitate access, reduce
integration barriers, and ensure that experimental protocols are designed with downstream regulatory requirements in mind
from the outset — not retrofitted to meet them after the fact.

Phase 2 — Comparative analytics and regulatory scoping (6-18 months).

Positive Phase 1 results must be followed immediately by rigorous comparability studies — detailed structural, functional, and
stability characterization that establishes the nature and magnitude of the microgravity advantage and provides the evidentiary
basis for regulatory engagement. Early and structured engagement with EMA and relevant national competent authorities should
begin at this stage, not after commercialisation decisions have been made. The cost of late regulatory engagement — in terms of
additional studies required, development timeline extension, and investor confidence — is substantially higher than the cost of
early engagement. ESA can add significant value here by supporting the development of standard comparability frameworks and
by facilitating pre-competitive dialogue between industrial users and regulatory bodies.

Phase 3 — Scale and commercialisation (18 months onward).

Where Phase 2 establishes a commercially significant and regulatorily viable advantage, the pathway bifurcates: either the space-
enabled process improvement is transferred back to terrestrial production — adapting Earth-based manufacturing to replicate the
relevant conditions — or in-space production is scaled using private station infrastructure. Both are valid commercial models; the
choice depends on the nature of the microgravity effect and the economics of scale at the relevant production volume. ESA's
role in this phase shifts toward supporting standardized production environments, quality management frameworks, and the
logistics infrastructure required for sustained manufacturing operations at commercial scale.
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5.5 Measuring Progress: Indicators of Market Development

Evaluating ESA's impact on industrial LEO market development requires metrics that go beyond flight counts and research
outputs. Activity metrics — experiments conducted, payloads launched, platform hours utilized — measure inputs, not outcomes.
The indicators below are designed to track commercially meaningful progress toward the goal that matters: a functioning and
self-sustaining industrial market.

= Number of returned payloads with documented, commercially relevant outcomes — improved crystal quality, new
polymorph identification, demonstrated tissue model superiority, materials performance specifications met — as a
measure of experimental productivity rather than experimental volume.

= Cost per validated outcome, tracking the trajectory of unit economics as platform standardization, mission frequency,
and operational maturity improve over time.

=  Time from experiment initiation to demonstrable commercial decision — formulation change, patent filing, regulatory
submission, supply agreement — as a measure of the ecosystem's ability to support industrial development timelines
rather than research timelines.

*  Number of multi-mission industrial user commitments, as a leading indicator of the transition from opportunistic
pilot programs to planned, repeatable workflows — the threshold at which demand becomes durable.

= Regulatory milestones reached — pre-submission meetings with EMA, accepted comparability study designs, approved
manufacturing frameworks for space-derived products — as a measure of the pathway maturation that is prerequisite
to commercial scale in regulated industries.

=  Number of European commercial intermediaries active in the LEO services market — payload integrators, quality
assurance providers, regulatory affairs specialists with space manufacturing expertise — as a measure of ecosystem depth
and the development of the supporting infrastructure that sustained industrial activity requires.

These indicators should be tracked at the programme level and reported against baseline, not evaluated mission by mission. The
goal is not successful experiments. It is a functioning industrial market —and the distance between those two objectives is precisely
the gap that ESA's BSGN programme exists to close.

5.6 The Role of ESA's BSGN Accelerator Programmes

The phased pathway described in Section 5.4 and the market development indicators in Section 5.5 share a common
requirement: that industrial users moving from initial interest to committed activity have access to structured support calibrated
to the commercial rather than the scientific dimensions of their journey.

ESA has already built the institutional foundation for this through two directly relevant accelerators — the Life Sciences Industry
Accelerator, managed by MEDES, and the Advanced Materials and In-Orbit Manufacturing Accelerator, managed by the Satellite
Applications Catapult — both operating under a public-private co-funding model that positions them as demand-side activation
mechanisms rather than conventional research funding instruments. The evidence from their first cohorts is encouraging: the
Life Sciences Accelerator's inaugural cohort has moved five projects from selection to active in-orbit demonstration, with two
launched in 2025 and three on track for 2026; the Advanced Materials Accelerator's second cohort, selected from 18 applications
across 10 ESA Member States, reflects a competitive and growing pipeline of industrial candidates. These results represent
genuine proof that the cohort model can move companies from exploratory engagement to spaceflight within commercially
relevant timeframes.
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The value of the cohort structure extends beyond individual project support. Industrial users entering the LEO ecosystem for
the first time face a set of challenges — business case development, payload integration, regulatory navigation, commercial partner
identification — that are largely common across companies even when their specific applications differ. A cohort that brings
multiple companies through these challenges simultaneously allows the accelerator to deliver shared infrastructure: standardized
onboarding processes, common regulatory engagement frameworks, and collective negotiating leverage with platform and
transportation providers. This compounding effect is not replicable through individual engagement, and it is one of the most
underappreciated structural advantages of the accelerator model as a vehicle for market development.

The next phase of both accelerators should be designed with an explicit focus on closing the gaps that first-cohort experience has
surfaced. The Life Sciences Accelerator's move into Phase 2 — expanding beyond pharmaceuticals and biotechnology into
cosmetics and nutraceuticals — reflects appropriate market broadening, but the deeper design challenge is ensuring that support
mechanisms evolve alongside the commercial maturity of participants. Companies at Phase O and Phase 1 of the commercial
pathway need help structuring experiments with downstream regulatory requirements in mind; companies at Phase 2 need
facilitated access to EMA and national competent authorities and support designing comparability studies to regulatory
standards; companies approaching Phase 3 need connections to investors, strategic partners, and the standardized production
environments that sustained commercial activity requires. A single accelerator programme design that does not distinguish
between these stages will serve early-stage explorers well and later-stage commercialisers poorly. Phasing the support model to
match the commercial maturity of participants is the most important design evolution available to both accelerators in their next
iterations.

The measure of success for BSGN's accelerator programmes is not the number of companies that participate or the number of
experiments that reach orbit. It is the number that graduate from programme support to self-sustaining commercial activity —
securing multi-mission contracts, closing investment on the basis of LEO-enabled IP, or reaching a regulatory milestone that
opens a commercial pathway previously blocked by uncertainty. Designing toward that graduation outcome, and tracking it
explicitly, is what will determine whether the BSGN accelerators become the anchor institutions of a functioning European LEO
industrial market or remain well-executed but insufficiently scaled research support mechanisms.

6. European Strategic Positioning: The Case for Acting Now

The commercial case for LEO-based industrial activity is global. The strategic case for ESA's active role in enabling it is specifically
European — and it is more urgent than the current pace of institutional engagement reflects.

The commercialisation of Low Earth Orbit is not solely an economic opportunityj; it is increasingly a matter of strategic autonomy,
industrial competitiveness, and technological sovereignty. Historically, European participation in human spaceflight and
microgravity research has relied heavily on infrastructure, transportation systems, and operational capabilities provided by
international partners. While this model has delivered substantial scientific value, the transition from the ISS to a commercially
driven LEO ecosystem introduces a fundamentally different dynamic. Access to orbital infrastructure, transportation, and
industrial capabilities will increasingly be governed by commercial considerations rather than intergovernmental agreements.
The strategic protections that partnership arrangements once provided will not transfer automatically into the commercial era.

European Sovereignty in LEO

As the ISS approaches retirement and commercial stations become the dominant orbital infrastructure, Europe faces a structural choice. It can
either help shape the future architecture of the orbital economy or rely primarily on infrastructure, transportation systems, and commercial
priorities established elsewhere. Ensuring sovereign access to microgravity research, industrial development, and future orbital markets is not only
a space policy objective — it is increasingly an industrial competitiveness imperative.

6.1 The Risk of Becoming a Customer Rather than a Producer

The emerging orbital economy is being shaped by infrastructure investment decisions made today. Transportation systems,
platform architectures, operational standards, logistics networks, and pricing models are being established by a small number of
actors — predominantly American — whose commercial interests will define the terms on which other participants, including
European industrial users, access LEO. Europe risks entering this market as a customer of infrastructure it did not build,
operating under standards it did not set, on logistics networks it does not control. The consequences of that position — in terms
of cost, dependency, and strategic vulnerability — are significant and will compound over time as the market matures.

This is not a hypothetical risk. It is the trajectory that current investment patterns suggest. European pharmaceutical companies,
materials firms, and advanced manufacturers seeking access to LEO today largely do so through American platforms and
transportation providers, because European alternatives at the required scale and frequency do not yet exist. Every year that this
gap persists, the switching costs of moving to European alternatives increase, and the window for establishing European
competitive infrastructure narrows.
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The challenge is particularly acute in life sciences and advanced manufacturing. Europe hosts some of the world's largest
pharmaceutical companies, biotechnology innovators, medical technology firms, specialty materials manufacturers, and
industrial research organizations. These industries collectively invest tens of billions of euros annually in research and
development, and represent sectors where microgravity-enabled capabilities could generate meaningful competitive advantage.
Without reliable European pathways to orbit, much of the resulting economic value, intellectual property, and industrial learning
risks accruing outside Europe — not because European companies lack interest or capability, but because the infrastructure and
access conditions that would allow them to engage on competitive terms do not yet exist.

LEO Industrial Value Chain — European Presence
Where Europe currently stands, and where it needs to build

VALUE CHAIN LAYER KEY ACTORS EUROPEAN PRESENCE

Launch & Transportation SpaceX, Rocket Lab, Northrop Grumman

roup, Space Rider (in development)

incl. sample return / downmass

LOW-MEDIUM
ty: predominantly non-European i

Orbital Platform Infrastructure Axiom Space, Sierra Space, Starlab Y

tations, modules, facilities) Northrop Grumman, ESA (Columbus / ISS)
s d ” ) Low

tandalone European CLD in dev

Payload Integration & Operations Various commercial integrators (US/EU)

(CROS, integrators, service providers Emerging European service providers

minant European interm

Industrial Utilization Major European pharma, biotech, materials cos

Strong industrial base; latent demand confirmed

pharma, materials.

. MEDIUM-HIGH
nstrained by upstream infrastructure gaps

Standards, Regulatory & IP EMA (strong terrestrial, no space frameworks)
EMA, siandards bodies, IP frameworks ESA, national authorities, standards bodies
(EMA, standards bodies, IP frameworks) ‘ ‘ - LoW_mEDIUM

m |

6.2 Sovereignty, Autonomy, and Industrial Leadership

ESA's mandate includes supporting European industrial competitiveness and technological sovereignty. In the context of LEO
commercialisation, this translates into three concrete imperatives.

First, Europe must develop and maintain independent access to the capabilities that LEO-based industrial activity requires — not
as a matter of national pride, but as a practical prerequisite for ensuring that European companies can compete on equal terms
in the markets that LEO enables. A European pharmaceutical company that depends on American launch providers and
American platforms for its microgravity R&D is exposed to supply chain risks, pricing dynamics, and policy decisions outside
European control. That exposure is tolerable when it is incidental; but it becomes strategically unacceptable when microgravity
access is a core component of competitive R&D capability.

Second, Europe must establish a position in the standards and operational frameworks that will govern the industrial LEO
market. Standards set by incumbent providers become switching costs for new entrants. If European companies and institutions
are not active participants in the development of payload interface standards, data protocols, quality management frameworks,
and regulatory guidance for space-derived products, they will be price-takers in a market whose rules were written elsewhere. This
is not an argument for European isolation — interoperability and international cooperation remain important — but for ensuring
that European interests and European industrial requirements are actively represented in the frameworks that will shape the
market for decades.

Third, Europe must retain the high-value manufacturing and R&D activity that LEO enables within its industrial base.
Microgravity-enabled drug formulation, specialty materials production, and bioprinting are not peripheral activities — they are
potential anchors of high-value industrial capability in sectors where European companies are globally competitive. Allowing that
capability to develop primarily outside Europe, because European infrastructure and support mechanisms are insufficient, would
represent a significant and avoidable loss of industrial value. Commercial LEO infrastructure should therefore be viewed not
only as a space-sector initiative, but as an enabling layer for Europe's broader industrial strategy.

This is not an argument for Europe to replicate every element of the emerging commercial ecosystem independently. It is an
argument for ensuring that Europe retains meaningful participation in the critical layers of the value chain that determine long-
term competitiveness: transportation, infrastructure access, industrial utilization, standards development, regulatory leadership,
and demand aggregation. ESA is uniquely positioned to help secure this outcome. Through its convening authority, procurement
mechanisms, international partnerships, and commercialisation programmes, ESA can help create the conditions under which
European industries become active participants in the orbital economy rather than passive consumers of capabilities developed
elsewhere.
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6.3 The Window for Action

The commercial LEO market is early enough that European positioning decisions made in the next three to five years will have
lasting structural consequences. Infrastructure investments take time to yield returns; standards, once established, are difficult to
displace; and industrial ecosystems, once anchored to a particular set of providers and platforms, develop inertia that makes
reorientation costly.

The BSGN programme is operating in precisely the window where foundational decisions matter most. The question is not
whether European industry will participate in the LEO economy — it will — but whether it will do so as an active shaper of that
economy or as a dependent participant in one shaped by others. The strategic objective should be clear: to ensure that Europe
remains a producer, innovator, and value creator in the emerging orbital economy, rather than becoming dependent on external
providers for access to one of the most consequential new industrial environments of the coming decades.

7. Conclusion

The industrial market for commercial LEO services is not absent — it is latent, conditional, and closer to conversion than current
activity levels suggest. This response has set out the evidence for that assessment across six dimensions: the economic logic of the
applications, the structural barriers preventing their scaling, the forms of ESA support that would have the greatest leverage, the
business models through which industrial activity will develop, the market size and commercial readiness of each application
area, and the strategic imperative for Europe to act within the current window.

The findings are consistent across all of them. The scientific and technical foundations are credible and sufficiently established.
The economic case — in life sciences particularly, but increasingly in advanced materials — is strong enough to attract committed
industrial investment under the right ecosystem conditions. The interest from pharmaceutical companies, materials firms, and
manufacturing organizations is genuine. What is missing is not validation, and it is not interest. It is an ecosystem mature enough
to support the repeatable, predictable, and economically transparent operations that industrial users require before they will
commit strategic resources and build durable workflows around LEO.

The barriers are structural, not scientific, and they are addressable. Access to orbit is fragmented and slow. Downmass capability
is insufficient and unpredictable. Mission cadence is too low to support iterative industrial workflows. Unit economics are
opaque. Payload integration is bespoke, costly, and time-consuming. Regulatory pathways for space-derived data and materials
are undefined. None of these constraints is technically intractable — but none will resolve spontaneously through market forces
alone at this stage of development. Each requires coordinated action of the kind that ESA's convening authority, procurement
leverage, and programme design capability are uniquely positioned to provide.

The strategic dimension adds urgency that the commercial case alone does not fully capture. The orbital economy is being built
now, by a small number of predominantly non-European actors whose infrastructure investment decisions will define the terms
on which everyone else participates. Europe's position in that economy — as a producer, innovator, and value creator, or as a
dependent customer of capabilities built elsewhere — will be determined largely by decisions made in the next three to five years.
The BSGN programme is operating in precisely that window. The foundational investments it makes now in logistics,
standardization, demand aggregation, and regulatory clarity will shape European industrial participation in LEO for a decade or
more.

The opportunity cost of inaction is concrete and compounding. Every development cycle that a European pharmaceutical
company runs without access to reliable, timely microgravity services is a cycle in which a competitor with better access — or a
terrestrial alternative with improving capability — closes the performance gap. Every year in which European downmass and
platform infrastructure remains underdeveloped relative to non-European commercial alternatives is a year in which European
industrial users deepen dependencies on supply chains, pricing structures, and operational standards outside European control.
The window for establishing European competitive infrastructure in this domain is open now; it will not remain open
indefinitely.

The case set out in this response is not for ESA to carry the industrial LEO market on its own. It is for ESA to do what only it
can do: create the conditions under which the market can develop — and under which European companies can participate in it
as producers and innovators, not as late entrants to an ecosystem designed around someone else's requirements. The commercial
opportunity is significant, the timing is right, and the industrial interest is there to be converted. What remains is execution —
and that is precisely where ESA's intervention is most needed and most valuable.

We welcome the opportunity to present and develop these perspectives further at the S41 Workshop in Copenhagen in
September 2026, and to contribute to the shaping of ESA's next phase of commercialisation strategy.
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Xponential Space supports the development of commercial LEO markets by addressing the structural barriers to industrial adoption and engaging with
pharmaceutical companies, advanced materials firms, platform operators, and investors to develop the conditions under which LEO becomes a viable and scalable
industrial environment. We welcome the opportunity to contribute further to ESA's S41 Workshop in Copenhagen, September 2026.

Contact: Ignacio Krasovitzky, Xponential Space ignacio@xponential.space
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