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I. The Entropy Trap: Why Flow Economies Emerged

Traditional industrial systems are “Flow Economies” shaped by a long-standing gap in our
understanding of catalysis. For most of history, we lacked the ability to precisely direct molecular
transitions, so we relied on brute force: pushing systems far from equilibrium through high
temperatures, pressures, and combustion, allowing rapid thermalization, and then attempting to recover
only a fraction of useful exergy from the resulting disorder.

This is Energy as Destruction-Recovery. The result has been an ever-expanding infrastructure of
high-pressure vessels, exotic materials, and massive scale — all designed to manage the chaos created
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by our own incomplete control over catalytic pathways. In this model, entropy acts as a direct tax on
production, and ever-larger scale became the only practical way to compensate for built-in losses.
Innovation remained trapped in a narrow <1% window between current best performance and
irreversible waste heat.

II. The NESS Inversion: A New Understanding

The transition to a Reservoir Economy represents the logical next iteration enabled by deeper insight
into catalysis. Rather than continuing to compensate for poor pathway control with brute force, Non-
Equilibrium Steady State (NESS) catalysis allows us to maintain structured excitation regimes under
near-ambient conditions.

Here, useful work is extracted along pathways where entropy production is suppressed in the
productive stream and shifted toward maintaining system coherence.

We differentiate between two types of dissipation:

* Productive Dissipation (Flow Model): Entropy is produced within the work-stream itself,
directly degrading output quality. Loss scales with production.

* Maintenance Dissipation (Reservoir Model): Entropy is produced primarily to sustain the
excited state of the catalyst architecture. Useful work is completed before full thermalization.

By dissipating the cost of order at the surface — near ambient and continuously rather than explosively
— we capture exergy that was previously lost to the universe. The former 60—70% waste-heat zone
becomes the primary domain of value creation.

IT1. Addressing the Constraints: The Modular Solution

The Reservoir approach addresses traditional scaling challenges through modularity rather than ever-
larger centralized infrastructure:

* Phonon Bottleneck and Heat Accumulation: High surface-area-to-volume ratios in modular
units allow maintenance dissipation to occur safely at the surface without thermalizing the
productive pathway.

* Defect-Mediated Relaxation: Purpose-built catalysts using earth-abundant materials accept
and leverage finite defects while keeping excitation paths short and contained.

* Spatial Decoherence: Complexity is managed locally rather than through synchronized
national-scale systems.




IV. Grid Integration and Self-Healing Capability

A NESS-powered Reservoir economy does not require building a parallel infrastructure from scratch.
As producer nodes come online, they connect directly to the existing electrical grid, using it as a ready-
made backbone for both power delivery and load management.

Excess production from any node can be absorbed locally or exported; deficits can be buffered by
nearby nodes. Over time, the legacy grid evolves into a self-healing, self-regulating network capable of
providing redundancy for both baseline demand and surge events.

This integration enables additional value through:

* Distributed Resilience: The network of modular production nodes functions as a distributed
energy resource management system, isolating faults and rerouting power automatically.

* Ancillary Services: Nodes can provide rapid voltage and frequency support, acting as a virtual,
decentralized battery for grid stability.

* Value Stacking: Local production avoids 8—15% transmission losses and allows peer-to-peer
trading that captures retail value rather than low wholesale buy-back rates.

V. The On-Chain Settlement Layer (Optional Coordination Layer)

To realize these benefits at scale, physical production can be paired with transparent digital
infrastructure—but it is not a prerequisite for system function.

Reservoir systems are inherently local: production nodes first meet their own energy needs. The role of
any coordination layer is to manage excess production, not to enable primary operation.

Smart contracts provide one efficient mechanism for this. They enable automated micro-transactions
for surplus energy, reducing the need for manual billing and intermediaries. Immutable ledgers can
verify delivered exergy, supporting high-integrity energy or exergy-linked credits.

This creates scalable coordination across distributed nodes while preserving the core principle: value
remains anchored at the point of production, with excess routed efficiently rather than extracted.

VI. Standalone Validation: Proving the Model at Small Scale

This grid-native approach enables the entire Reservoir model to be deployed and rigorously validated
in a single, standalone iteration — without requiring national-scale infrastructure or broad financial
restructuring.

A modular unit can be built, operated, and measured independently, delivering clear data on efficiency,
cost, local value retention, and employment benefits from day one. This allows rapid learning and
iteration at low risk and minimal taxpayer exposure.



In contrast, traditional Flow Economies that depend on massive scale cannot meaningfully prove
efficacy in smaller pilots. They often demand enormous sunk costs in being first to a national buildout,
locking in commitments long before real-world performance is confirmed. This makes Reservoir
approaches far more adaptable, lower-risk, and suitable for pragmatic, bottom-up implementation
country-wide — including opportunities for rural employment and value-added use waste streams and
biomass that can help reduce wildfire risk.

These same dynamics extend beyond energy, with similar implications for how and where people live
and produce.

VII. Conclusion: Retaining the Flux

We’ve learned to measure energy without asking where the work goes—just as we celebrate innovation
without tracking where the value ultimately accumulates.

Flow Economies were a rational response to the limits of earlier catalytic understanding. Reservoir
Economies are the next step, enabled by new insight.

By leveraging NESS catalysis, we stop subsidizing the complexity to manage our own losses, we move
from a system of extraction and collapse to one of local compounding and resilience. The problem
shifts from overcoming scarcity through scale to capturing more value through pathway design. We
simply need to design systems where entropy no longer acts as a direct tax on productive work.

The result is not only greater efficiency and lower costs, but a more effective distribution of value —
where producers and communities keep more of what they create.

Final Principle: Stop designing systems that manage loss. Start designing systems that prevent it.

#NonEquilibriumSystems #ReservoirEconomy #Exergy #DecentralizedEnergy
#EnergyTransition

HiHH

Paul Leonard writes Big Quantum Nerd, a LinkedIn blog focused on structural clarity at the
intersection of physics, institutions, and human outcomes. His work examines why well-intentioned
systems fail, how misaligned incentives consume human effort, and what non-equilibrium design
principles can unlock real affordability, resilience, and agency.

Paul is co-founder, President & CEO of Cascade Catalysts, Inc., a Vancouver-based company
designing quantum-effect catalysts and advanced materials for industrial and environmental
applications. He is also founder of Activate Biophysics Corp., developing non-toxic, whole-system
health technologies across species.



Drawing on decades of work across science, energy, health, and international systems, Paul
collaborates with leaders in government, industry, and innovation to diagnose structural misalignment
and design systems that amplify human effort rather than consume it.



