The Subterranean
Imperative

Securing Europe’s decarbonised infrastructure

through deep geological resilience.




The renewable transition guarantees
grid intermittency. “

Key Insight //\'\/\N\

The primary bottleneck to a
decarbonised Europe is no longer Core VUlnerabi“ty

renewable generation; it is the
systems-integration challenge of

intermittency.

We have optimized our food and
industrial supply chains for peak
efficiency based on a single, perilous
assumption: the constant, uninterrupted
availability of electricity.




Efficiency has become the unwitting
enemy of resilience.

The Broken
Status Quo

Data Point o (Just-in-Time)
The relentless pursuit of just-in-time

logistics has systematically stripped out
redundancies.

100% Grid Uptime

The Pivot

A fundamental policy reset is required to
transition the food economy and heavy
industry from a fragile just-in-time model
to a robust just-in-case framework.

The Promised Land:
Strategic Buffers
(Just-in-Case)



The cold chain is the first and weakest link in a grid crisis.

A standard refrigerator lasts 4 hours; a freezer 48 hours. A widespread blackout threatens catastrophic
spoilage, dwarfing the UK's current £17 billion annual household food waste bill.
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Tactical backup power cannot provide strategic,
strategic, long-duration resilience.

Batteries and diesel generators protect individual facilities for hours. They are not national security assets.

Solar + Battery Diesel

Storage Generators The Cold Vault

The Surface

The Subterranean Resilience

Duration Hours Hours/Days Weeks/Months/Years

Strategic / National

Scale Facility-level Facility-level
Reserve

Grid-dependent Fuel supply chain Wholly Independent
for recharge dependent once charged

Dependency




Passive decoupling: Separating preservation from the power grid.

By transforming the earth into an enormous thermal mass, preservation becomes an inherent physical
property, not an active, power-dependent process.

Grid Power

/ Catastrophic Blackout
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The Geo-Battery: A new class of subterranean infrastructure.

Leveraging the Earth’s natural geology—its immense thermal mass and insulating properties—to create
grid-scale, long-duration thermal energy storage (UTES) without the massive surface footprint of conventional tanks.

The Heat Vault Wl T A 8  The Cold Vault




Two specialized engines built
on one foundational principle.

Heat Vault

Cold Vault

Medium: Natural
bedrock/sediment

Range: +120°C to 1000°C+
(limited only by rock melting point)

Input: Surplus electricity (via resistive
heating) or industrial waste heat

Output: High-grade process
heat, steam, or electricity

Medium: Water-saturated ground
(Artificial Permafrost)

Range: -5°C down to -200°C
(Cryogenic)

Input: Chilled fluid from surface
refrigeration plant powered by
surplus renewables

Output: Deep cooling, chilled fluid,
flash-freezing capability




The Heat Vault: A subterranean
furnace for heavy industry.

The Patent: The core innovation co-locates a direct electrical heater

and a fluid-based heat extractor in a single borehole.
The Result: It absorbs surplus renewable electricity when prices

are negative, and dispatches carbon-free process heat (800°C+) to

hard-to-abate industries like cement, steel, and glass.

Natural
Bedrock/Sediment
(High Thermal Mass)

Natural
Bedrock/Sediment
(High Thermal Mass)
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The Cold Vault: Engineering artificial
permafrost at a national scale.

The Physics: Freezing the ground actually enhances Thermal

performance. The formation of ice within the ground matrix Condiciity Efficient Passive
significantly increases bulk thermal conductivity, allowing for i DIy
highly efficient charging and discharging. AAA ——_ /\ LAY 5

>1,500,000 m?
of Artificial Permafrost ———>




Modular deployment and |
mitigated construction risk. | |

The Advantage: The iterative freeze-and-drill cycle transforms unstable !
ground into a permanent, engineered structure. This allows for phased ] |

capital deployment, building initial modules to prove the concept and V

expanding as revenue grows. / /\) /\A_

Step 1: Freeze a central pillar in unstable sediment. Step 2: Drill safely into the stabilized, frozen mass. Step 3: Expand the permafrost radially.

/N

Iterative "Freeze-and-Drill” Pi




The Symbiotic Grid Asset. ~

p
Synthesis Insight: The Geo-Battery doesn't drain the grid during a crisis; ‘
it balances the grid during normal operations and actively protects the 1 [
economy during a blackout. It turns the problem of energy intermittency into the = | oo
exact solution needed to decarbonize industry and protect the food supply. 4

Process Heat Deep Cold
Dispatch Logistics Dispatch

The Problem: / \ /\

Volatile Curtailment Waste

Subterranean

The Geo-Battery:
Demand-Side Response & Shock Absorption



One core architecture.
A multi-market commmercial footprint. . ‘

Takeaway: The Geo-Battery doesn't just target energy storage; |

it captures value across the most demanding, high-growth T
segments of the global industrial economy. | j\,\\/\ﬂ \'\ﬁ

-200°C to -50°C SIS - g +400“C to 1000°C
CCUS Liquefaction ol - ' — Heavy Industrial Process
& Biomedical > T | [ Heat & Power Generation
e | ($54.4B)

-40°C to -18°C +120°C to 150°C
Industrial Flash-Freezing 0°C to 20°C District Heating Networks
& Cold Logistics Data Centre & ($292.98)
($21.3B) Power Plant Cooling
($16.8B / $22.7B)




A fundamental investment in Europe’s
decarbonised future.

Strategic Choice: We can continue relying on a fragile, just-in-time system and hope to avoid
the inevitable shock. Or we can build deep, geologically-integrated resilience into the very
foundation of our infrastructure.

Final Thought: The Geo-Battery is not merely an energy storage product; it is a critical national
security asset for the 21st century.
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