The Intelligent Earth

Defining Ultra Long Duration Energy Storage
(ULDES) for planetary-scale security




The
Implementation
Gap

A multi-trillion-dollar reallocation
toward clean energy is exposing
a systemic flaw.

The phenomenal success of
variable renewable energy (VRE)
directly causes grid instability,
forcing the costly curtailment of
zero-carbon electrons.

We are building generation
without the enabling
infrastructure to secure it.

€3.13 Billion

curtailed in
Germany (2023)

$3.3 Trillion
Global Clean Energy

Investment (2025)

£1.5 Billion

curtailed in the
UK (2021-2023)




The Overlooked Thermal Imperative

The global transition is disproportionately focused on electricity. Yet, thermal
energy demands dictate our climate reality. Failing to address the thermal half of
the energy equation guarantees the failure of the entire transition.
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The Limits of Contained Storage

Current Long Duration Energy Storage (LDES) solutions—lithium-ion, mechanical, and modular
thermal blocks—share a fatal architectural flaw: they are contained systems. To store more
energy, you must manufacture a larger box and procure more materials.

Contained Architecture

. .. Limited to Megawatt-hours
Scale constraint: (MWHh).

Duration limit:  Intraday cycling (8-100 hours).

Capital cost scales linearly with

Economic Flaw: = energy capacity. You pay for
every new electron stored.




The Paradigm Shift: Uncontained Geological Storage

Geological Thermal Energy Storage (GTES) breaks the linear scaling laws of manufactured batteries. By
utilizing the Earth’s crust as an in-situ, zero-cost storage medium, the primary capital expenditure shifts from
manufacturing materials to accessing infinite natural mass through mature drilling technology.

In-situ Zero-Cost Medium

Months to Decades of Duration

\l

Gigawatt-hour (GWh) to
Terawatt-hour (TWh) Scale




The Exponential Advantage of Access

Once the initial borehole array is established, the accessible storage volume—the thermal mass of the rock—increases

exponentially with the array's radius. At planetary scale, the marginal cost of adding a unit of energy capacity approaches
Zero.

Manufactured Storage (Li-ion/Flow)
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Benchmarking the Future of Storage

A quantitative assessment reveals a distinct economic and physical niche. Geological ULDES provides the lowest
Levelised Cost of Storage (LCOS) for seasonal applications, fundamentally outperforming contained architectures.

Geological ULDES

(THVC) Lithium-lon Pumped Hydro Liquid Air
Maximum Scale GWh-TWh MWh GWh MWh
Storage Duration Months/Decades Hours/Days Hours/Days Hours/Days
Economically :
LCOS (>100hr) ~$30/MWh Unviable High Moderate
Land Footprint VST OW Moderate High Moderate

(Subsurface)




Validated Subsurface Thermodynamics

Quantitative analysis confirms crystalline rock as a highly effective, controllable medium for seasonal shifting. Heat
diffuses slowly into the vast thermal mass, resulting in minimal energy degradation over multi-month timescales.

200-meter depth in
homogenous,
crack-free granite.

Extraction Validation:
625 MWh of thermal
energy delivered over
a continuous
5-month period.

— Charging fluid

up to 300°C.

Output maintained
above 120°C threshold
at 171 kKW.



The Dual Platform: Master of Extremes

THVC deploys two specialized architectures to capture ephemeral thermal energy and transform it into
dispatchable, high-value assets for decarbonisation and critical infrastructure resilience.

The Heat Vault™ The Cold Vault™

High-Temperature GTES. 24/7 process heat for heavy Geological Cryo-Storage. Utilizing latent heat of fusion to create
industry & district networks. an artificial permafrost reservoir at -10°C to -70°C for data centres.



Infusing Geology with Intelligence

A geological mass is fundamentally passive. The Intelligent
Earth requires an active central nervous system.

Al mitigates subsurface risk, optimizes complex
thermodynamics, and orchestrates real-time market

participation. \
Autonomous Operational Control /

powered by Reinforcement Learning (RL)

Thermodynamic System Control
driven by Model Predictive Control (MPC)

Subsurface Seismic Image Analysis

using Convolutional Neural Network (CNN)




The Ultimate Virtual Power Plant

By operating as a utility-scale Virtual Power Plant (VPP), the system dynamically stacks revenue
streams. It absorbs excess generation to prevent curtailment, then discharges zero-carbon thermal
energy to displace peak electrical demand.

Charging as a Load
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Discharging as a Source



The Digital Twin Control Loop

The ultimate manifestation of the Intelligent
Earth is a high-fidelity cyber-physical replica. It
closes the loop between sensing,
thinking, and acting, transitioning the
asset from human-in-the-loop
support to fully autonomous, real-
time optimization.

Sensing

Live downhole telemetry & grid
pricing data flow into the system.

project shows 2-11% power
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Al agent determines optimal Deep learning surrogate models
setpoints and automatically simulate thousands of thermal
adjusts physical valves/pumps. scenarios in milliseconds.




A Planetary-Scale Ecosystem

THVC does not merely store energy; it orchestrates a circular thermal economy. By linking

generation, consumption, and planetary-scale storage, waste streams are eradicated, and

decarbonisation becomes a shared, profitable utility.

Wind Farm

Data Centre

Heat Vault

Cement/Steel

District
Heating



Defining the ULDES Asset Class

Ultra Long Duration Energy Storage is not a venture capital play; it is a multi-decade critical
infrastructure asset. Capable of >500 hours of continuous discharge at the >1 GWh scale, ULDES

functions as a strategic national reserve.

Conventional LDES Geological ULDES

- Focuses on Energy Arbitrage - Focuses on National Security

- Megawatt-scale - Gigawatt-scale

- Infrastructure financing (Regulated
Asset Base, Govt Contracts)

- Private Merchant financing

- Mitigates seasonal weather events
and geopolitical shocks VY

- Mitigates daily intermittency




Solving Seasonality

The transition demands more than managing intraday fluctuations. True energy security
requires capturing the abundant energy of summer to heat the depths of winter. The
intelligent subsurface is the only viable pathway to this planetary-scale resilience.

Abundant Summer Solar Generation Peak Winter Heating Demand

While others build bigger boxes, we unlock a bigger world.
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