INNOVATION & INDUSTRIAL STRATEGY

Great Technology Will Not Find a Market

Why the Most Impressive Technologies in the World Keep Failing to Become Industries—and

What Everyone Is Getting Wrong About It
Sinéad O’Sullivan

IDEA IN BRIEF
THE PROBLEM

structurally premature.

THE ARGUMENT

coordination.

THE IMPLICATION

Over the past decade, some genuinely

extraordinary things have happened in technology.
Fusion reactors have held plasma at temperatures
hotter than the sun. Quantum computers have
solved problems that would take classical machines
millennia. Hydrogen electrolyzers have gotten
remarkably cheap. Lab-grown proteins have gone
from science fiction to functional prototypes. Electric
aircraft have flown. Robots have landed on the
moon.

And yet, almost none of it has produced a
functioning market.

In most of these sectors, there is no market at all: no
elastic demand, no stable cost curves, no supply
chains, and no repeat customers. Just an impressive
and growing pile of expensive demonstrations.

The usual explanation is that these technologies are
“early.” Give them time, the thinking goes, and costs

Fusion, hydrogen, quantum computing, biomanufacturing, electric aircraft, and lunar exploration
have all achieved major technical breakthroughs, yet none has generated a functioning market.
The standard explanation is that they’re “early”, however the evidence says otherwise: they’re

Markets don’t necessarily follow technology; they emerge when three architectures—technical,
market, and institutional—evolve in sync. When technology sprints ahead and the system it
needs to plug into stays still, the result is architecture lag: a structural condition where no amount
of additional R&D can compensate for missing infrastructure, standards, and demand

Innovation policy built around technology-push—moonshot subsidies, mission-oriented R&D,
venture-style public investment—accelerates the wrong variable. The state’s real job is not bold
technology investment; it's the boring work: sequencing infrastructure, setting standards,
designing procurement, and building the institutional scaffolding that makes markets possible.

will fall. Investors will arrive and subsequent markets
will form. This is the logic baked into almost every
innovation framework we have—from S-curves to
technology readiness levels to venture capital pitch
decks. The assumption is always the same: if the
technology is good enough, the market will come.

It won't.

THE PROBLEM ISN’T TIMING. IT’S
STRUCTURE.

These technologies aren’t early, they’re premature—
which is a fundamentally different condition.

A technology is premature when it has outrun the
system required to support it. The hardware works
and the physics is proven, but the infrastructure, the
standards, the supply chains, the insurance regimes,
the regulatory frameworks, the logistics networks,
and the demand architecture that would allow
anyone to actually buy and use the thing repeatedly
at a predictable cost—none of that exists.
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And there’s a critical insight: in the absence of that
system, no amount of additional technical progress
will help. You can build a better fusion reactor every
year for the next twenty years, and if there’s no grid
integration pathway, no off-take agreement
structure, no licensing regime, and no pricing
mechanism, you still don’t have a market. You still
have a very expensive science project.

This is what architecture lag looks like, whereby
technology sprints ahead but the system it needs to
plug into crawls along slowly. The gap between
them widens, and the wider it gets, the less likely it
is that a market can form at all.

THREE LAYERS, THREE SPEEDS

To understand why this happens, you need to see
markets not as things that emerge from good
technology, but as things that are built from the
alignment of three different architectures.

The first is technical architecture—the hardware,
the software, the integration environment. This
moves fastest. It benefits from concentrated R&D,

competition, and the relentless optimism of
engineers.

The second is market architecture—the conditions
for elastic demand, stable pricing, modular products,
and specialized suppliers. This moves slower. You
can’t have a cost curve without standardized
deployments; you can’t have repeat customers
without predictable costs; you can’t have specialized
suppliers without enough volume to justify their
existence.

The third is institutional architecture—regulation,
risk-sharing, standards, certification, logistics
infrastructure, and governance. This moves slowest
of all. Unsurprisingly, regulatory bodies don’t sprint,
meaning that standards formation is glacial. Public
infrastructure takes decades.

When these three architectures evolve together,
markets form. When they don’t—when technology
races ahead and the other two lag behind—you get
premature markets. And premature markets don’t
just grow slowly, they don’t grow at all! They’re
structurally stuck.

ARCHITECTURE LAG: PREMATURE VS. VIABLE SECTORS
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Figure 1: In premature sectors (left), technology races ahead while system readiness lags—the architecture gap widens and
markets cannot form. In viable sectors (right), architectures co-evolve and the gap closes over time.
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Subsidies can buy experiments. They cannot buy industries.

YOU CAN SEE THIS EVERYWHERE

Fusion has advanced reactor physics but no grid
integration, no licensing pathway, no pricing
mechanism. Hydrogen has efficient electrolyzers but
fragmented pipelines, inconsistent safety codes, and
sparse demand centers. Quantum computing has
impressive qubits but fragile cryogenic supply chains
and a speculative customer base. Electric aircraft
are flight-ready but have no vertiports, no air-traffic
integration, and incomplete certification.
Biomanufacturing has powerful lab-scale processes
but irregular feedstock supply and inconsistent
quality standards. Lunar exploration has advanced

landers and robotics but no power infrastructure, no
communications network, and no return logistics.

In every case, the technology is ready, but he
system isn’t.

What these sectors share is not technological
inadequacy but a common structural pattern.
Technical architecture is high, whereas market
architecture is shallow or absent, and the
institutional architecture lags furthest behind. The
gap between what the technology can do and what
the surrounding system can support is wide—and
widening.

SIX STAGES OF ARCHITECTURE CO-EVOLUTION
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Figure 2: Markets form through a six-stage sequence. Technical architecture is high from the start; market and institutional
architectures must catch up before the viability threshold is crossed. Skipping stages collapses the process back to the beginning.
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ARCHITECTURE LAG ACROSS SIX FRONTIER DOMAINS

TECHNICAL ARCHITECTURE MARKET ARCHITECTURE INSTITUTIONAL
ARCHITECTURE

Fusion Advanced confinement, materials,
reactor physics

Hydrogen High-efficiency electrolyzers;
strong performance

Quantum Rapid coherence and fidelity gains

eVTOL Flight-ready prototypes; reliable

Biomanufacturing Mature lab-scale fermentation and

Lunar Advanced landers, robotics,
navigation

WHY SUBSIDIES DON’T FIX THIS

This is where innovation policy goes wrong. The
standard playbook—fund R&D, subsidize early
deployment, de-risk private investment—is designed
to push technology forward. And it works, if the
surrounding system is keeping pace. Feed-in tariffs
accelerated solar because the grid, the permitting
pathways, and the installation supply chain were all
evolving in the right direction.

But in premature sectors, subsidies do something
different: they accelerate the technology without
accelerating the system. This means that subsidies
actually widen the architecture gap rather than
closing it. The result is a burst of demonstrations
followed by stagnation. Lots of pilots and lots of
prototypes, but no industry.

The mission-oriented innovation framework has a
version of this blind spot. The argument that the US
government “created” the iPhone by funding GPS,
touchscreens, and cellular networking conflates
invention with commercialization. Public R&D
contributed components, yes, but the market was
built by Apple’s supply chain orchestration,
developer ecosystem, pricing strategy, and platform
governance—all market and institutional
architecture, none of which was funded by DARPA.

THE STATE’S REAL JOB

Architecture lag suggests that the most valuable
thing a government can do is not invest boldly in

No off-take markets; no pricing; no
demand centers

Fragmented demand; sparse
hubs; low price transparency

Speculative customer base;
undefined demand

No repeat demand; unstable unit
metrics economics

Limited customers; volatile cost
design structure

No price-sensitive customers; no
repeat markets

No licensing pathways; weak grid-
integration standards

Missing pipelines, storage;
inconsistent safety codes

Fragile cryogenic supply chains;
no certification norms

No vertiports or ATC integration;
incomplete certification

Weak logistics; inconsistent QC;
low regulatory harmony

Missing power, comms, storage,
return logistics

technology. It's do the boring work of building the
system that makes technology usable.

That means:

Sequencing infrastructure so it evolves alongside
the technologies it supports;

Establishing interoperability standards so that
suppliers can specialize and products can become
modular;

Designing procurement to create early, predictable
demand that allows cost curves to form;

Building risk-sharing institutions—insurance,
certification, underwriting—so that deployment is
financially tolerable;

Providing regulatory clarity so firms can commit to
long-horizon investment.

The irony is that governments are uniquely
positioned to do this work—no private actor has the
authority or incentive to coordinate standards,
sequence public infrastructure, or design
procurement at system scale. But most innovation
policy frameworks push governments in the opposite
direction: toward venture-style technology bets
where they have no structural advantage, and away
from architecture-building where they're the only
actor that can do the job.

None of this makes headlines. It's the work of
standards bodies and technical committees, not
moonshot announcements. But it's the work that
actually determines whether a technology becomes
an industry.
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WHAT THIS MEANS IF YOU’RE INVESTING

The venture and strategic investment world runs on
a simple heuristic: find the best technology and fund
it. Architecture lag suggests this is exactly
backwards in premature sectors. When the system
can’t absorb technological progress, the best
technology is the most stranded technology.
Performance tells you nothing about viability when
the surrounding architecture doesn’t exist.

The better question is not “Which technology is
best?” but “Which systems are capable of absorbing
progress?” Sectors where infrastructure, standards,
and institutional maturity are advancing in parallel
with technology are where investments compound.
Sectors where they aren’t are high-variance traps—
impressive on a slide deck, structurally incapable of
producing returns. In premature sectors, the most
technically advanced firms are often the least
commercially viable. Great technology is precisely
what cannot find a market when the system into
which it must integrate does not yet exist.

The shift is from technology-picking to architecture-
positioning. And it's an entirely different way of
seeing frontier markets.

WHAT THIS MEANS FOR CORPORATE
STRATEGISTS

Large firms sitting adjacent to premature sectors—
energy companies near hydrogen, cloud providers
near quantum, aerospace primes near eVTOL—all
face the same dilemma: when to enter. The
conventional answer is "when the technology is
ready." Architecture lag says that's the wrong
question, because the technology is already ready,
but the system around it isn't.

This is where incumbents have an advantage that
startups don't. A startup can build a better
electrolyzer, but it cannot build a hydrogen pipeline
network, establish blending standards, or anchor the
off-take agreements that stabilize pricing for an
entire sector. Incumbents have the balance sheets,
the procurement relationships, the regulatory
access, and the supply chain depth to move pieces
of market and institutional architecture that no
venture-backed company can touch.

The strategic question isn't whether to bet on a
particular technology, it's whether to invest in the
architecture that makes a sector viable—and to
position the firm at the center of that architecture as

it matures. The firms that do this well don't just enter
new markets, they must help create them.

THE BOTTOM LINE

Great technology will not find a market; it never has
because markets are not downstream
consequences of invention. They are engineered
systems that require the synchronized maturation of
technical capability, market structure, and
institutional support. If those architectures co-evolve,
industries emerge. But if they don’t, you get what we
have now across half a dozen frontier sectors with
brilliant technology yet zero commerce.

Innovation does not create markets; synchronized
architectures do.

This article draws on the working paper by Sinéad O'Sullivan:
The Dynamics of Economic Development and Market
Formation as a Systems Engineering Problem. This paper
develops the formal models, mathematics, and cross-domain
evidence summarized here.

Copies are available on request at s@sinead.co.
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