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Itis also extraordinarily expensive to run.

The Haber-Bosch process is responsible
for 1-2% of total global energy
consumption and 1-3% of global CO,
emissions, consuming roughly 3-5% of HYDROGEN

the world's natural gas production SRS o
each year.
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To put a number on the scale:

around 170 million metric tonnes

of ammonia are produced globally
each year, with approximately 80%
going into fertilisers.

Those figures are not a chemistry tlril.ria
problem. They are an investment signal.
A meaningful imprﬂven?enF in cata:;rsltm
efficiency for nitrogen fixation wou .
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:;:lﬂ: And tl'?at is where quantum
computing enters the story:
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PROBLEM SIZE

DFT has a hard ceiling.

It faces limitations in quantitatively describing strong
electronic correlations, electron spin states in magnetic
catalysts, and subtle energy differences — the very things
that matter most.

The root problem is computational scaling.
Classical computers face an exponential growth

in complexity when modelling strongly correlated
electron systems.

This is a structural limitation,
Mota temporary gap that better supercomputers
will close,

Quantum computers are built differently.
They represent information using qubits in superposition
and exploit quantum correlations directly.

Electronic structure simulations represent one of
the most promising application areas where
quantum computers have the potential to
outperform classical methods,



The problem s that
FeMoco is precisely
the kind of system
classical computers
cannot model
accurately.

4 want to understa nd why

the quantum chemistry
community is scrfncus.ed on
nitrogen fixation specifically.

If yo

you need to know about
nitrogenase and its .

) FeMo-cofactor. FeNoco contains

A uip— multiple metal centres

' ' ase is a :

:::ﬁ?:oertain soil bacteria. (iron and mﬁ!yhdﬁnum
it does something the atoms), g b
Haber-Bosch process spin dynamics
requires 400-500°C and |:;:-ar’tii:uli:'urf).r complex
150-300 atmospheres and difficult to
of pressure to replicate: it SIEICE

splits the triple bond in
atmospheric nitrogen and
converts it into ammonia.

FeMoco

it does this under ambient

conditions, at room : .
= q The canonical resource estimate for FeMoco, established by Reiher et al. in
perature an ol i :
ctahcibedpratats 3 mde!}f cited 2017 PNAS paper, places the required active space at
' approximately (54 electrons, 54 orbitals) — a configuration that exceeds

:.vhat is Ih'ar:table via exact classical methods such as full configuration
interaction, and which remains deeply challenging even for approximate
classical approaches such as DMRG and FCIQMC.

:j.ha't uhsewaﬁarj i:=T worth sitting with. The most important catalyst
design problem in industrial chemistry is, in a precise technical sense
intractable for classical supercomputers using exact methods |
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ht VQE actually does

finds the lowest energy

(VQE)

The Variational Quantum Eigensolver
of a molecule.

(ground-state energy)

1. Molecule 2. Quantum circuit
Encodes a trial wavefu nction

The system we want
to simulate. with adjustable parameters.

3. Measure energy

Run the circuit and
measure the energy.
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the energy.

| ' VGE = Quantum

Classical computer fo o - " e hard part

for the opti Misation loop




COMPRESSING THE Disco VERY CYCLE

Traditional trial-and-error vs. In-silico pre-

TRADITIONAL TRIAL-AND-ERROR

@-B@-®

Propose Synthesise Test activity Underperforms
candidate material

& selectivity /
L Repeat @

..1

TIME TO VALIDATED MATERIAL: LONG

ITERATION COUNT: HIGH

SUCCESS PROBABILITY PER CAMPAIGN: LOW

COST (TIME & MATERIALS): SUBSTANTIAL
)

J
» =)

I High cost. Low odds.
Weak competitive position.

=

screening

IN-SILICO PRE-SCREENING
- - -

-‘:luanh.!m Filter large  Synthesizetop  Test & validate
simulation candidate candidates promising

pre-screen space only candidates

@ TIME TO VALIDATED MATERIAL: SHORTER
ITERATION COUNT: REDUCED

SUCCESS PROBAEBILITY PER CAMPAIGN: HIGHER

COST (TIME & MATERIALS): LOWER

Faster discovery. Higher odds.
Stronger competitive position.




"~ THE PLATFORM EFFECT.

The simulation stack that solves FeMoco applies
to a lot of other problems too.

The same underlying capability —daccl:rate] grg::tc;t:te ‘:E?:s
i ted molecular —

calculations for strongly correla olecu ool

across several categories of commercially important chemistry

CO, REDUCTION CATALYSTS.

Turning CO; into useful ch emicg!
feedstocks requires catalysts with
similarly complex transition-metal
active sites. The quantum advantage
argument is structurally identical

to the nitrogen fixation case.

BATTERY ELECTROLYTES.

The behaviour of lithium and sodium
salts in next-generation battery
electrolytes depends on precisely the
kind of ion-solvent interactions that
DFT struggles to model accurately.
Quantum simulations of battery
electrolytes using VQE-based methods
have been actively developed, targeting
. . the accurate modelling of LiPFs, NaPFg,
Slmu,atlun and related salts critical to next-
Stﬂﬂl{ generation batteries.
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PHARMACEUTICAL CATALYSIS.

Drug metabolism in the body depends
heavily on cytochrome P450 enzymes,
which contain iron centres with the
same kind of complex spin dynamics
as FeMoco. AstraZeneca has engaged
in quantum computing collaborations

B for computational chemistry in drug
Fora company building quantum synthesis — though readers should
chemi A = consult AstraZeneca’s own published
ﬁ s m’;m Iam"" taj:l.ablhty, work and press releases for the precise
| irogen lon is a credible, scope and partners of specific programmes,
: hrgh_mﬁh demonstration of as secondary summaries of these
the techn T mrlalboratlans vary in detail.
addre I:Eh:mgj ¢ McKinsey has estimated the broader
W]fhmbld arke _“mﬂds quantum computing opportunity in life
eyonda ammonia, sciences could reach hundreds of billions
of dallars by the mid-2030s, though
such projections cover all quantum

computing applications in the sector,
not quantum chemistry alone, and carry
significant methodological uncertainty

inherent to long-range technol ogy
forecasts.




L TIMELINE

o Future e
:’FauH-TuJ'erant Era] it's worth being honest about where the tec

quantum computers capable of :
on needed for definitive

Fully fault-tolerant .
simulating FeMoco at the precis| |
catalyst design don't yet exist in cemmercral!y
accessible form. The algorithms arée well-defined. The
r players are credible. The

hardware roadmaps from majo
mproved substantially over the
till

term quantum hardware s

Near-Term
resource estimates have i
rcuit depth.

(Improving Hardware)
past three years. But near-
operates with error rates that limit ci

genuinely useful now, is

What does exist, and what is
ntum

the hybrid quantum—classical approach: using qua
processors to handle the strongly correlated regions of
a molecular simulation while classical algorithms address

(Hybrid Quantum-
the remainder. (&

[lassical Approach)
This division of labour is already producing results on real

molecules. Recent research has demonstrated hybrid
methods — combining techniques such as Density

Matrix Embedding Theory with quantum diagonalization —
with classical reference benchmarks

//
)

achieving agreement
within chemically relevant thresholds for small test systems
on current-generation hardware. It is important to note
that agreement with a classical benchmark is not the same
as agreement with experimental truth; classical methods
themselves carry errors that can compound. Nonetheless,
demonstrating that quantum-classical hybrid workflows
can reproduce established reference results is a

meaningful step toward practical utility.

Today
(June 2026)

relevant questions are: which organisations have built
simulation software stacks that will run on fault-tolerant
hardware when it becomes available? Which teams
understand the chemistry well enough to know which
molecular targets are worth solving? And which have
built the hybrid workflows that deliver value on today's
hardware while the full capability matures?

@ For investors evaluating companies in this space, the

N,
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