Engineering at the
Molecular Scale

How Nanotechnology is reshaping Energy,
Water, and Climate resilience.
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The Architect, Not the Reactor

Nuclear Energy Nanotechnology

Releasing energy by breaking atoms (Fission). Creating function by arranging atoms (Structure).

Nanotechnology operates between 1 and 100 nanometers. It does not involve radioactive fission. Instead,
it utilizes the “surface area” effect—think of it as structural engineering. Just as an architect designs a
skyscraper to be wind-resistant, a nanotechnologist designs a material to be heat-resistant, atom by atom.
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Solar Energy: The Multi-Layered Light Trap

Traditional Silicon (Max ~29% Efficiency) .

e

Challenge: Silicon misses

S8 large parts of the light
::;::( spectrum.

Solution: Heterojunction
bandgap tuning. By
stacking nanostructured
Nanotech Perovskite Layers (>29% Efficiency) materials, we capture

different wavelengths of
wavelengths of light that
silicon misses, moving
from 14% theoretical
efficiency in 2012 to
commercial realities today.

Only medium wavelengths caught; many escape.

Multi-layered trap captures broad spectrum of wavelengths.
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> Passive Efficiency: The Self-Cleaning Shield

MITSUl & CO.

Standard Nanocoating

In arid regions, dust can
degrade performance by
30%. Nanocoatings create a
hydrophobic architecture
that repels water and dirt,
drastically reducing the
water needed for cleaning.

Dust and grime accumulating on the A water droplet beading up perfectly
surface, making it look dull and matte. spherical (lotus effect) and rolling down,
picking up dust particles as it goes. The
surface behind it is pristine and glossy. Supporting Technical Reference
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Energy Storage: Managing the Swell

Graphite anodes are
stable but low energy.
Silicon holds 10x the
energy but destroys the
battery when it swells.

Nanotech builds a porous
scaffold—giving the
silicon room to “breathe”

without breaking the
battery structure.
/.% 7 SilaNanotechnologies:
.7 22.5% market
Silicon Particle Unprotected Silicon: Nanostructured Anode: k share in 2024
Swells 300% and Cracks Controlled Expansion - ~—
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The Internal Highway: Carbon Nanotubes

Silicon Active Material Carbon Nanotube (CNT)

Conductive Bridges AL
e py

prevent volume
expansion and
internal structural
degradation.”

— Mitsui & Co. Report P

“Single-walled CNTs... I/
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High-performance batteries need fast electron transport. Carbon Nanotubes act
as molecular wiring, bridging the gaps between particles even as they expand

=
and contract. This is critical for the upcoming shift to Solid State Batteries. %

P

Single-walled |
CNT Structure |
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Carbon Capture: The Molecular Sieve

Nano-filters (MOFs) have holes shaped exactly like a CO2 molecule. They physically trap the CO2
while letting harmless air pass, intensified by centrifugal force in devices like the CycloneC

The Coin Sorter Analogy: Traditional filters are like colanders trying to catch sand. )
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@MITEUI&CG.
Decarbonlzmg the ‘Hard-to-Abate’
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Industries like cement and steel require physical carbon removal. Modular, ‘Lego-block’
capture units fit into existing factories without massive construction. Nanotech has Oﬁ
Q

helped lower capture costs toward $450/ton, making it viable against carbon

credits trading >$500/ton. // // ;II // / N @  NotebookiM



Water Purification: The Active Gatekeeper

PERMEATE =
(PURE WATER)
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The Bouncer Analogy: Passive filtration requires high pressure to force water
through tiny holes. Active Nanofiltration acts like a club bouncer. By applying a small
electrical charge, the membrane actively repels salt and pollutants, reducing

energy use and preventing clogging (fouling). V7 //
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)@( MITSUI & CO.
Resource Recovery: Mining the Waste
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Desalination usually produces toxic brine. Nanotech turns this liability into an
asset. Specialized membranes separate specific ions, recovering critical minerals

for the renewable energy supply chain (like thhlum) directly from the waste

stream. Company Spotlight: Ocean Reviver. 5 // i /// ‘ @




)é‘ MITSUI & CO.
From Theoretical Potential to Industrial Pillar
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B | 7 Solar <14% >29%
\___ A8\ Efficiency | (Theoretical Thin Films) (Commercial Perovskites)
\--_' 2fz)5. Energy - Silicon-Dominant
= | | Lgil Storage Graphite Anodes & Solid State
 — 2% , Carbon Nano-membrane
f/r _ {ﬁ} E Capture Lab Scale Integration
/B 4 A @ o High Cost / $1 Trillion Return OW
/_ / Speculative $42B Investment J
In 2012, these were pilot projects. Today, they are standard industrial x‘%\

practice. The ‘Green Premium’ has been reduced through atomic-scale

manufacturing.
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)@MITSUI&CU.
Safety, Regulation, and the ‘Fixed’ State
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A key safety distinction: Industrial nanotechnology largely uses nanomaterials that are
embedded into structures (like batteries or solar panels), not free-floating particles. W

The regulatory landscape has matured to the ‘One Substance, One Assessment’

OSOA) fra 0 suri orker and environmental safety. o/l { ‘ |
( ) framework, ensuring worker and environmen S/ity //n!!//ﬁ -@ A s
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The Invisible oundatlon of a Clean Future

' Stcﬁr;ing E;ergy:" Filteriné Molecules
(Batteries) (Carbon/Water)

The smallest tools are now building our biggest solutions. We are no longer
just burning fuel; we are engineering our environment,

atom by atom. //L!//H"@'jﬂmm




