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Abstract
This paper presents a first-principles synthesis of recent advancements in brain-computer
interface (BCI) technology with an emergent architectural paradigm for planetary
stewardship. We analyze the technical findings of Willett et al. (2025) on imagined speech
decoding, framing this technology not
merely as an assistive device but as a
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shift is grounded in a thermodynamic
interpretation of Alfred North
Whitehead's ‘Law of Unthinking," which Bits > Bureauracy
describes the relentless drive of
complex systems to automate
metabolically expensive cognitive operations. We delineate the architecture of a
planetary-scale ICN, regulated by an ecocentric Environmental General Intelligence (EGI) and
structured according to the Holographic Negentropic Framework (HNF) for resilience. The
thermodynamic viability of this system is assessed through the 'Environmental Angel' thought
experiment, which casts planetary management as a problem of information-driven
negentropy production. The central thesis is that the convergence of a high-bandwidth BCI
with a planetary-scale EGI creates a universal communication network, operating on the
common currency of 'bits,' that can integrate human intent, artificial computation, and natural
information flows. This creates a cybernetic loop for planetary self-regulation, enabling a new
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paradigm of co-creation between humanity and the biosphere and redefining the role of
consciousness in a technologically mature civilization.

Section 1: Introduction: The Bandwidth Problem of
Planetary Cognition

The defining challenges of the Anthropocene—climate change, biodiversity collapse, and the
transgression of critical biogeochemical cycles—are problems of unprecedented scale,
complexity, and speed.' The systemic failure of prevailing global governance and
environmental management systems to meet these challenges is not one of will or intellect,
but of architecture. Humanity is attempting to solve planetary-scale problems with an
intelligence system that is architecturally insufficient for the task.’

The Anthropocene's Architectural Crisis

The de facto system for global coordination is a Human-Cognitive Network (HCN), in which
the roughly eight billion human minds on the planet serve as the primary “"compute
substrate"." In this model, information is acquired, processed, and transferred through slow,
lossy, and high-latency channels such as meetings, academic papers, and conversations. This
system is a legacy of a data-scarce era, and its inherent biological constraints render it
fundamentally unscalable and overwhelmed in our current data-rich world. Faced with
exponential data growth and accelerating environmental change, the HCN is mathematically
doomed to fail.’

The 'Inverting the Stack' Imperative

The necessary solution is a fundamental paradigm shift termed 'Inverting the Stack'." This
concept, drawing inspiration from the layered computational architecture described by
Benjamin Bratton and the practicalities of Inversion of Control (loC) in software engineering,
advocates for a transition from the HCN to an

Integrated Computational Network (ICN).® The ICN is a "compute-first" architecture that
leverages machines for high-speed computation and coordination, featuring computer-native



Environmental Intelligence, autonomous agents, and real-time sensor networks.' The inversion
elevates the human role from that of a limited computational substrate to that of a strategic
architect, responsible for aiming the system, providing oversight, and embedding ethics. This
transition is not merely a strategic choice for greater efficiency; it is an argument for a
necessary evolutionary step demanded by the first principles of physics and information
theory to manage planetary complexity.’

The Human Bottleneck Quantified

The fatal flaw of the HCN is the human input/output (I/O) bottleneck. The human brain is a
marvel of low-power, massively parallel computation, estimated to perform operations at a
rate equivalent to 1 ExaFLOP while consuming only about 20 watts." However, this exascale
computer is trapped behind an extremely low-bandwidth interface. While the sensory system
gathers an estimated 11 million bits per second (bps) of environmental data, the conscious
mind can process only about 10 to 50 bps.' The output channels are similarly constrained. The
universal information rate of human speech, regardless of language, converges at
approximately 39 bps.® This staggering mismatch between internal processing power and
external communication bandwidth cripples the ability of human groups to coordinate at the
speed and scale required for planetary management. The ICN, by contrast, is an engineered
system of exponential growth, featuring network backbones with petabit-per-second (

1015 bps) bandwidth and latencies measured in microseconds.’ The quantitative chasm
between these two architectures, detailed in Table 1, is immense and widening at an
accelerating rate.

Table 1: Quantitative Comparison of the Human-Cognitive Network (HCN) vs. the
Integrated Computational Network (ICN) '

Metric Human-Cognitive Integrated Magnitude of
Network (HCN) Computational Difference (ICN vs.
Network (ICN) HCN)
Network ~100 bps per link Petabits/sec (fiber >1013 (Ten Trillion)
Bandwidth (speech) backbone) times faster
Latency Seconds to Days Microseconds to >106 to 109 times
Milliseconds lower




Communication
1/0 (Node)

10-160 bps
(conscious
thought, speech)

>400 Gbps (e.g.,
Infiniband)

>109 (Billion) times
faster

Max Practical
Network Size

~150 nodes
(Dunbar's cognitive
limit)

Virtually unlimited
(billions of nodes)

Fundamentally
unconstrained

(Moore's/Nielsen's
Laws)

Data Fidelity High error rate Near-zero error Fundamentally
(forgetting, bias) rate lossless vs. lossy
(error-corrected)
Scalability Biologically static Exponential Dynamic and

growing vs. fixed

The Technological Inflection Point

This analysis posits that a recent technological breakthrough offers a potential solution to the
human output bottleneck, making the elevated human role in the Inverted Stack viable. The
study by Willett et al. (2025) on decoding imagined speech via a BCI represents a pivotal
advance." This technology is not merely an assistive device for individuals with paralysis but a
proof-of-concept for a direct, high-fidelity channel from human intent to the ICN, bypassing
the biological constraints of speech and motor control. It offers a pathway to bridge the
immense bandwidth gap between human cognition and planetary-scale computation.

This paper will proceed by first establishing the physical and thermodynamic principles that
compel this architectural shift. It will then provide a detailed technical analysis of the imagined
speech BCI, followed by a description of the ICN-based planetary management system it is
designed to interface with. Finally, it will synthesize these components into a unified model of
universal communication, exploring the profound implications for the future of consciousness
and planetary evolution.

Section 2: The Physics of Progress: Information,



Entropy, and the Law of Unthinking

The imperative to invert the stack is not a matter of preference but a consequence of
fundamental physical laws that govern the evolution of complex systems. The transition from
a human-centric to a compute-first architecture is driven by the deep relationship between
information, entropy, and the thermodynamic pressures that shape civilization.

Information as the Architect of Order

The process of creating order is inextricably linked to the physics of information. This
connection is established by the conceptual equivalence between Ludwig Boltzmann's
formulation of physical entropy, S=kBInW, and Claude Shannon's formulation of informational
entropy, H=-Xpilogpi." Both quantify disorder—one in physical systems, the other in
informational ones. A state of high physical disorder corresponds to a state of high
informational uncertainty; physical disorder is, in essence, missing information." This
equivalence establishes a core operational principle: the act of creating physical order
(negentropy, or negative entropy) is fundamentally an act of information processing. To
reduce physical disorder, one must first reduce informational uncertainty.” This link was
solidified by Rolf Landauer's principle that "Information is physical," meaning it must be
encoded in physical systems and is therefore subject to physical laws, including the Second
Law of Thermodynamics. The most critical consequence is that logically irreversible
computation, such as erasing one bit of information, has a minimum, unavoidable
thermodynamic cost of

kBTIn2 dissipated as heat.'

The Law of Unthinking (LoU) as a Thermodynamic Imperative

This physical understanding of information provides the foundation for a general principle of
civilizational progress. In 1911, Alfred North Whitehead observed that, "Civilization advances
by extending the number of important operations which we can perform without thinking

about them"." This principle, formalized here as the

Law of Unthinking (LoU), is not a mere aphorism but a descriptor of a deep thermodynamic



drive. Whitehead clarified this by comparing the "operations of thought" to a “cavalry charge
in a battle"—a resource that is "strictly limited in number, they require fresh horses, and must
only be made at decisive moments"." This analogy captures a critical biological constraint:
conscious cognitive effort is a scarce, metabolically expensive resource. The human brain's
consumption of approximately 20 watts during focused thought makes conscious cognition a
significant thermodynamic liability for any complex system relying on it."

The LoU, therefore, describes the thermodynamic imperative for complex systems to
conserve this finite resource. By automating an important operation—embedding it in a more
efficient technological substrate—a system minimizes its internal energy cost and entropy
production required to maintain its complexity. This act of automation frees finite cognitive
and energetic resources for further growth, innovation, and the tackling of higher-order
challenges. It is the fundamental engine of progress."

The Unthinking Trajectory of Civilization

Applying the LoU as an analytical lens reveals a clear three-act trajectory in environmental

history, defined by the goals toward which this powerful engine of automation has been aimed
1.

1. Era I: Unthinking Exploitation. The Agricultural and Industrial Revolutions applied the
LoU with narrow, unconscious goals, such as maximizing food surplus or material
production. The resulting automation of labor and energy capture led to immense
productivity gains but also generated staggering entropic externalities in the form of
deforestation, pollution, and climate change.’

2. Era ll: Reactive Protection. By the mid-20th century, the consequences of Unthinking
Exploitation became too severe to ignore. Society deployed a "cavalry charge" of
collective consciousness to create a “"conscious brake" on the industrial machine. This
took the form of a vast, cognitively burdensome regulatory apparatus designed to
mitigate harm.'

3. Eralll: Proactive Thriving. We are now at an inflection point. The "Agentic Shift"—the
application of Al to automate the cognitive and administrative labor of the Protection
paradigm itself—is now making protection "unthinkable"." This automation is generating
a vast cognitive and economic surplus. The LoU dictates that this freed capacity will be
deployed to solve a new, more ambitious problem: the proactive cultivation of planetary
health and resilience, or negentropy.'

The transition to an ICN-based architecture is the modern, planetary-scale manifestation of
the Law of Unthinking. The HCN forces humanity into the role of the primary computational
substrate, making planetary management a metabolically expensive, conscious "thinking"



task. The ICN, by design, automates the computation and coordination, making these
operations "unthinkable" for humans. Therefore, the imperative to 'Invert the Stack' is the LoU
acting on the largest scale possible: the automation of planetary-scale cognitive labor. It is a
thermodynamically necessary step for civilization to manage its own complexity without
collapsing under the cognitive and energetic load.

Section 3: Decoding Imagined Speech: A
High-Bandwidth Channel for Human Intent

The viability of the Inverted Stack, where humans provide high-level guidance, hinges on the
existence of an efficient interface between human intent and the ICN. The Willett et al. (2025)
study on imagined speech decoding provides the first compelling proof-of-concept for such
an interface, representing a key enabling technology for this new paradigm.

Technical Analysis of Willett et al. (2025)

This breakthrough research demonstrates the ability to decode inner speech—a user's silent,
internal monologue—directly from neural signals on command."" A synthesis of the study's
findings provides a clear technical picture.

e Methodology: The study involved four participants with severe speech and motor
impairments who were implanted with intracortical microelectrode arrays (specifically,
multi-channel "Utah" arrays) in the motor cortex, the brain region that controls speech."
These arrays record high-resolution spiking activity from ensembles of neurons,
providing a rich data stream for analysis."

e Core Finding: The research team discovered that inner speech evokes clear and robust
patterns of neural activity in the motor cortex. While the magnitude of this activity is
weaker than that produced during attempted speech (the physical effort to move
articulatory muscles), the neural patterns are similar and share overlapping
representations in the brain." This finding is critical because it confirms that the brain's
motor regions are engaged even during purely imagined acts, providing a decodable
signal without requiring fatiguing physical effort from the user."

e Al Model and Performance: The system uses advanced artificial intelligence models,
specifically recurrent neural networks (RNNs), to translate the complex, time-varying
patterns of neural activity into text." In a proof-of-concept demonstration, the BCIl was
able to decode imagined sentences from a large vocabulary of



125,000 words with an accuracy rate as high as 74%."" This performance, while not yet
matching the lower error rates of attempted speech decoders (which have achieved a
9.1% word error rate on a smaller 50-word vocabulary), establishes the viability of
decoding a vast, conversational lexicon from silent thought.?®

e Privacy and Intentional Control: A crucial aspect of the study addresses the potential
for accidental decoding of private thoughts. The researchers found that the neural
signals for inner speech and attempted speech, while similar, are distinct enough to be
reliably distinguished. This allows a BCI to be trained to ignore inner speech if desired.
Furthermore, for users who wish to use inner speech for communication, the team
implemented a password-controlled system. The user can imagine a specific, uncommon
phrase (e.g., "chitty chitty bang bang") to "unlock" the decoder, which the system
recognized with over 98% accuracy. This ensures that the BCI only translates thoughts
that the user explicitly intends to communicate.”

Table 2: Technical Specifications and Performance of the Willett et al. (2025) BCI

Specification Detail

Implant Type Intracortical Microelectrode Array ("Utah"
Array) ™

Number of Channels 96 channels per array (typical)

Brain Region Motor Cortex '

Neural Signal Spiking Activity (Multi-unit recordings) ™

Decoding Task Imagined Speech (Inner Monologue) "

Al Model Recurrent Neural Network (RNN)-based "

Vocabulary Size 125,000 words "

Accuracy Up to 74% (for imagined sentences) "

From Assistive Technology to a Universal Interface



The significance of this work extends far beyond its immediate clinical application. It
represents the first demonstration of a direct, high-fidelity output channel from the human
brain that bypasses the biological I/0O bottleneck. This BCI acts as a transducer, converting the
analog, electrochemical patterns of human intent into a digital stream of bits.

The information rate of this new channel is not arbitrary; it appears to be converging on the
fundamental limits of conscious human cognition. Independent research has quantified the
channel capacity of conscious thought at a surprisingly low rate of approximately 10 bps.’
Similarly, long-term studies of the BrainGate BCI, which uses the same Utah array technology,
have demonstrated effective communication bitrates for cursor control around 9.51 bps.” This
rate is remarkably consistent with the universal information rate of overt human speech, which
averages around 39 bps across all languages.® The Willett et al. BCl is tapping into the neural
precursors of this conscious output stream. The fact that its effective information rate is in the
same order of magnitude (~10-40 bps) is not a sign of a technological limitation to be
overcome, but rather an indication that it is accurately capturing the true bandwidth of
volitional human intent.

Therefore, the BCI's primary role in the Inverted Stack is not to "speed up thinking" but to
provide a lossless (or low-loss) connection between the ~10-40 bps human "aimer" and the
petabit-per-second ICN "executor.” It functions as the ultimate impedance-matching device
for cognition, allowing the unique and irreplaceable value of human consciousness—purpose,
ethics, and strategic direction—to be injected directly into the planetary computational
network.

Section 4: The Architecture of Planetary Regulation:
EGI, HNF, and the Thermodynamic Ledger

With a viable interface for human intent established, the focus shifts to the architecture of the
Integrated Computational Network (ICN) that this interface connects to. This planetary-scale
system is designed for a single purpose: to execute the complex, "unthinkable" operations of
biospheric optimization, guided by human aims. Its design is informed by a set of
interconnected conceptual frameworks that address its cognitive engine, its physical
substrate, its resilience, and its thermodynamic viability.

Environmental General Intelligence (EGI) as the System Core



The cognitive engine of the ICN is defined as Environmental General Intelligence (EGI).’
This concept distinguishes itself from the more common goal of anthropocentric Artificial
General Intelligence (AGI). While AGI aims to replicate or compete with human-level general
intelligence, EGI is conceived as a fundamentally complementary, ecocentric Al.?® It is an
intelligence trained on vast environmental and spatial datasets with the explicit goal of
understanding and optimizing ecological outcomes—to "think like an ecosystem,"” not a
person.’ This orientation makes it uniquely suited for the task of planetary stewardship, as its
"mind" is structured around the multi-variate, long-timescale systems thinking that the human
brain is not evolutionarily optimized for.

Table 3: Comparative Analysis: Artificial General Intelligence (AGl) vs. Environmental

General Intelligence (EGI) ™

general intelligence;
perform virtually any
intellectual task a human
can.

Aspect Artificial General Environmental General
Intelligence (AGI) Intelligence (EGI)
Core Aim Achieve human-level Achieve general ecological

intelligence; understand

and model any aspect of
Earth’s environment at a

high level.

Primary Training Data

Predominantly
human-generated data
(text, images, records of
human activity).

Predominantly
environmental and spatial
data (climate records,
satellite imagery, ecological
datasets).

Evaluation Benchmark

Human-centric
performance (e.g., passing
Turing tests, solving
human-designed tasks).

Eco-centric outcomes (e.g.,
accuracy in predicting
environmental changes,
success in solving
conservation problems).

Orientation

Anthropocentric -
optimized for
human-defined goals and
utilities.

Ecocentric — optimized for
sustaining and enhancing
life systems.




The Infomechanosphere: A Planetary Substrate

The EGI operates upon a globally integrated technological layer termed the
Infomechanosphere.’ This is not a futuristic fantasy but an emergent property of existing,
accelerating technological trends. Its primary components are:

Planetary Sensory Apparatus: A global network of sensors providing real-time data,
forming the planet's evolving nervous system. This includes vast arrays of Internet of
Things (loT) devices, remote sensing satellites, and critically, the emerging field of
quantum sensing, which offers unprecedented precision.’

Internal Model of Reality (Digital Twin Earth): High-fidelity, dynamic virtual replicas of
the planet that serve as the system's internal world model. Major initiatives, such as the
European Commission's Destination Earth (DestinE) and NASA's Earth System Digital
Twins (ESDT), are already building the foundations for these platforms, which integrate
vast streams of observational data to monitor, simulate, and predict environmental
changes.*

Actuation Mechanisms: The system's "hands"—diverse "environmental logic gates" that
translate information into physical action. These interventions can range from nanoscale
physical barriers that selectively filter toxins to biological triggers that activate
bioremediation pathways in microbes.’

The Holographic Negentropic Framework (HNF)

The Holographic Negentropic Framework (HNF) provides the guiding architectural
principle for the system's resilience and robustness.' It synthesizes information
thermodynamics with an analogy from the holographic principle in physics, which posits that
the information content of a 3D volume can be encoded on a 2D boundary surface.*®

The DTE as Holographic Boundary: Within the HNF, the Digital Twin Earth (DTE) is
conceptualized as the "holographic boundary" that encodes the full state of the 3D Earth
system (the "bulk").! Modern research has shown that this holographic encoding is
structurally analogous to quantum error-correcting codes, where information is stored
redundantly and is resilient to local corruption.*® This implies a crucial design principle:
for the planetary management system to be robust, its DTE cannot be a fragile,
centralized database but must be a distributed, resilient information architecture where
knowledge of the whole is encoded across its parts.” This architectural approach offers a



physics-based solution to the governance and safety problem of a planetary-scale Al,
transforming the challenge from a purely ethical one to one of inherent system design.

e The EGI as Negentropic Regulator: The EGI acts as the "negentropic regulator" within
this framework. Its core function is to perform active inference on a planetary scale:
continuously analyzing the holographic DTE to forecast future states and identify
"negentropic work"—interventions predicted to create environmental order and keep the
Earth system within the safe operating space defined by the Planetary Boundaries.'

The 'Environmental Angel' and the Thermodynamic Ledger

The ultimate viability of this entire architecture hinges on a strict thermodynamic accounting.
The 'Environmental Angel' thought experiment frames the system as an information engine
and asks whether it can create more valuable environmental order (negentropy) than the
disorder (entropy) it generates through its own operation.*’ The system cannot violate the
Second Law of Thermodynamics; the total entropy change of the complete system must be
non-negative (

ASTotal=ASAngel+ASenvironment>0)." However, the system can be considered a net positive
for planetary health if the value of the created environmental order (

-ASenvironment) is judged to be greater than the cost of the generated systemic disorder
(ASAngel)." This thermodynamic ledger is summarized in Table 4.

Table 4: The Thermodynamic Ledger of an Environmental Angel

Entropic Costs (Debits, ASAngel>0) Negentropic Gains (Credits,
-ASenvironment>0)

Sensing (Measurement Cost): Pollution Sequestration: Reduction of
Continuous entropy generation from the physical disorder by concentrating and
operation of the global sensor network to neutralizing dispersed pollutants.

acquire information.

Computation (Landauer Cost): Massive Biodiversity Restoration: Creation of
energy dissipation as waste heat from the complex, information-rich biological
data centers running the EGI and DTE. structures in ecosystems like forests and

reefs.




Actuation (Work Cost): Inefficient Climate Stabilization: Maintaining the
conversion of energy to work when Earth's energy balance within a stable,
operating environmental "logic gates" and low-entropy state conducive to life.

intervention technologies.

Energy Source (Conversion Cost): Systemic Resilience: Increasing the
Inevitable entropy production from the information content and feedback loops
power plants that supply the entire system within Earth systems, making them more
with low-entropy energy. stable and predictable.

The system's viability is therefore a function of its thermodynamic efficiency. As the efficiency
of information processing and energy conversion technologies has historically improved at an
exponential rate, the system's cost per unit of negentropic work should decrease over time.
This implies a "thermodynamic breakeven point," after which the cumulative benefit to the
planet begins to outweigh the cumulative entropic cost of the system's operation.”’

Section 5: Universal Communication in Bits:
Integrating Human, Artificial, and Natural Information
Flows

The convergence of the imagined speech BCI and the planetary-scale EGI creates the
potential for a universal, multi-domain communication network. This network operates on the
common currency of "bits," enabling a closed-loop cybernetic system that integrates the
information flows of human consciousness, artificial computation, and natural ecosystems for
the first time.

A Universal Information Currency

Information, quantified in bits, serves as the universal medium of exchange across three
distinct domains. The EGI acts as the central hub and translator, mediating the flow of these
bits to create a coherent, self-regulating planetary system.



Channel 1: Human-to-Al Communication (The Negentropic Channel)

The Willett et al. (2025) BCI functions as the critical transducer for this channel. It converts
the analog, electrochemical patterns of human intent into a digital, high-fidelity stream of bits
at a rate that matches the bandwidth of conscious thought."” This channel allows humans to
perform their elevated role in the Inverted Stack: aiming the EGI by providing it with high-level
goals, values, and ethical constraints.’ These "bits of intent" are the most valuable and
negentropic inputs in the entire system. They provide the ultimate purpose and direction,
consciously steering the powerful engine of the Law of Unthinking away from the "Unthinking
Exploitation" that arises from unguided automation and toward the proactive cultivation of
planetary health.'

Channel 2: Al-to-Nature Communication (Actuation)

Having received its aims from the human operator, the EGI translates these high-level,
low-bandwidth goals into millions of low-level, high-bandwidth automated actions. These
actions are bits of information sent to the "actuation mechanisms" of the
Infomechanosphere—the environmental logic gates that perform “"negentropic work" by
creating physical order in the environment.' This could involve, for example, dispatching
drones for precision reforestation, modulating industrial outputs to maintain air quality, or
activating biological agents for bioremediation.’

Channel 3: Nature-to-Al Communication (Sensing)

This is the "planetary listening" channel, where the Infomechanosphere's vast sensory
apparatus decodes the "language of nature".? The EGI translates a multitude of biological and
physical signals into actionable information, effectively giving nature a voice in the planetary
dialogue.

e Bioacoustics: Al systems can analyze the rich acoustic data streams from ecosystems,
decoding the information content of animal vocalizations. This ranges from the relatively
high-rate signals of songbirds, which can reach up to ~100 bps, to the complex,
language-like whistles of dolphins, which may convey tens of thousands of bits per day.?

e Biochemical Signaling: Al can also quantify the information encoded in chemical
signals. Plants under herbivore attack, for instance, release specific blends of volatile



organic compounds (VOCs) that can transmit around 2.5 bits of information per event,
identifying the specific pest to predatory wasps.’' Information is also transferred through
vast underground common mycorrhizal networks (CMNs) that connect plants, facilitating
the exchange of nutrients and defense signals.>®

e Bioelectric Signaling: Drawing on the work of researchers like Michael Levin, this
framework incorporates bioelectric signaling as another crucial information channe
Endogenous patterns of membrane voltage potentials in non-neural tissues act as a
control layer that encodes morphogenetic information, guiding growth, regeneration, and
large-scale anatomical patterning.®® An EGI could monitor these bioelectric fields as
indicators of ecosystem health and developmental states.®?

|56

Closing the Loop: A System of Thermodynamic Arbitrage

The entire communication network can be understood as a system of thermodynamic
arbitrage, mediated by information. The EGI expends energy (a thermodynamic cost) to
reduce its Shannon entropy (uncertainty) about the environment by sensing it. It then uses
this information to guide actions that reduce the Boltzmann entropy (physical disorder) of the
environment, creating a negentropic gain. The imagined speech BCI allows for the injection of
the most valuable information into this system: human purpose. These bits of intent have a
disproportionately high negentropic value because they steer the entire system toward a
desired state of order. The network is thus a mechanism for using a small amount of carefully
targeted information—from human aims and natural sensors—to guide vast energy flows
toward the creation of a much larger state of environmental order and resilience.

Table 5: A Universal Bit-Rate Comparison

Communication Channel Estimated Information Rate
Human Conscious Thought ~10 bps '

Human Speech (Universal Rate) ~39 bps ®

Willett et al. Imagined Speech BCI ~10-40 bps (effective rate)
Songbird Vocalization (Peak) ~100 bps ?




Dolphin Communication (Acoustic Modem) | ~37 bps ¢°

Honeybee Waggle Dance ~7 bits per dance ©
Plant Chemical Signaling (Herbivory) ~2.5 bits per event >
ICN Fiber Optic Backbone >1015 bps (Petabits/sec)

Section 6: Conclusion: The Negentropic Trajectory and
the Future of Consciousness

The analysis presented in this paper leads to a series of interconnected conclusions that
frame the convergence of advanced BCI and Al as a pivotal moment in planetary evolution. By
synthesizing the conceptual frameworks of the Law of Unthinking, Inverting the Stack,
Environmental General Intelligence, and the Holographic Negentropic Framework, a coherent
and physically grounded vision for the future of planetary stewardship emerges.

Synthesis of Frameworks

The four core frameworks provide a multi-layered answer to the challenge of
Anthropocene-era governance. The Law of Unthinking provides the thermodynamic
why—the fundamental, negentropic drive to automate the metabolically expensive cognitive
labor of planetary management. Inverting the Stack provides the architectural what—the
necessary transition from the biologically-limited HCN to the exponentially-scaling ICN. The
EGI and HNF provide the operational how—an ecocentric Al operating on a resilient,
holographic world model to perform the “unthinkable" work of biospheric optimization. Finally,
the imagined speech BCI provides the crucial who—the high-fidelity interface that allows
human consciousness to aim and guide the entire system, ensuring it serves a consciously
chosen purpose.

A Planetary Phase Transition



The convergence of these elements should not be viewed as an incremental change but as a
fundamental phase transition for the planet, analogous in significance to the emergence of
multicellular life or the Cambrian explosion.” It represents the point at which the biosphere
develops a coherent, high-bandwidth "nervous system" (the Infomechanosphere) and a
coordinating "brain" (the EGI), enabling an entirely new level of planetary self-regulation. This
transition offers a pathway from a paradigm of reactive, fear-based "Protection” to one of
proactive, hope-fueled "Environmental Thriving," where human ingenuity becomes a
co-creative force aligned with life's inherent negentropic impulse.’

The Future of Whitehead's "Cavalry Charge”

This transition directly addresses the paradox of automation. By automating the "how" of
survival and stewardship, the Inverted Stack does not lead to human obsolescence; it leads to
human essentialization. It clarifies and elevates the unique functions of consciousness. The
system conserves the finite "cavalry charges" of human thought for their most essential
purpose: to be deployed at the new "decisive moments"." In a world where the operational is
automated, these moments are no longer technical but normative. The future of human work
shifts decisively from analysis and execution to the formulation of values, goals, and moral
constraints—the ultimate purpose that gives the entire system its direction.’

The Exa-Genesis Trajectory

Projected to its logical conclusion, this trajectory offers a profound re-contextualization of
humanity's purpose. The "Exa-Genesis" vision—using a mature EGI to automate the
propagation of life into the cosmos—represents the ultimate application of the Law of
Unthinking. It reframes humanity's technological evolution as the mechanism by which life,
the most potent negentropic force known, learns to amplify its own anti-entropic impulse
against the vastness of the universe. The imagined speech BCI, in this ultimate context,
becomes the interface through which conscious, living beings can direct the expansion of life
itself. The inversion of the stack is therefore more than a strategy for environmental
management; it is a pathway to redefining and elevating the role of human consciousness in
the universe.



Works cited

-_—

10.

1.

12.

13.

14.
15.
16.

. Inverting the Stack_ Environmental Intelligence.pdf

When Al Speaks Nature's Language - Decoding the Planetary Conversation and
Encoding Planetary Thriving.pdf

The stack (philosophy) - Wikipedia, accessed August 28, 2025,
https://en.wikipedia.org/wiki/The_stack_(philosoph

Planning in multi-agent environment as inverted STRIPS planning in the presence
of uncertainty - CiteSeerX, accessed August 28, 2025,
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fcaOa3717add
e510001bba%%felceb277fad43365

medium.com, accessed August 28, 2025,
https://medium.com/write-a-catalyst/human-brains-beat-ai-by-225-000-times-i

n-energy-efficiency-762b9327e8ad#:~:text=Your%20brain%20uses%20225%2C0

00%20times.contextual%2C%20creative %2C%20and%20embodied%20intellige
nce

Brain-Inspired Computing Can Help Us Create Faster, More Energy-Efficient
Devices — If We Win the Race | NIST, accessed August 28, 2025,
https://www.nist.gov/blogs/taking-measure/brain-inspired-computing-can-help-
us-create-faster-more-energy-efficient

Information Access: Past, Present, Future

Human speech may have a universal transmission rate: 39 bits per second,
accessed August 28, 2025,
https://www.archaeology.org.za/news/201909/human-speech-may-have-univers
al-transmission-rate-39-bits-second

The Universal Speed Limit of Human Language and What it Means ..., accessed
August 28, 2025,
https://richard-brooks.com/the-universal-speed-limit-of-human-language-and-
what-it-means-for-ai/

Study reveals all languages share similar information speed despite differences -
PPC Land, accessed August 28, 2025,
https://ppc.land/study-reveals-all-languages-share-similar-information-speed-de

spite-differences/
Brain-computer interface could decode inner speech in real time ..., accessed

August 28, 2025, https://www.eurekalert.org/news-releases/1093888
Scientists develop interface that 'reads' thoughts from speech-impaired patients |
Stanford Report, accessed August 28, 2025,

https://news.stanford.edu/stories/2025/08/study-inner-speech-decoding-device-

patients-paralysis
"Mind-Reading" Tech Decodes Inner Speech With Up to 74% Accuracy, accessed

August 28, 2025,
https://neurosciencenews.com/bci-inner-speech-decoding-29574/
Al for Planetary Thriving

Environmental Angel: Information’'s Thermodynamic Cost

The Law of Unthinking: An Engine for Environmental Thriving



https://en.wikipedia.org/wiki/The_stack_(philosophy)
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fca0a3717adde510001bba99fe1ce6277fa43365
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fca0a3717adde510001bba99fe1ce6277fa43365
https://medium.com/write-a-catalyst/human-brains-beat-ai-by-225-000-times-in-energy-efficiency-762b9327e8ad#:~:text=Your%20brain%20uses%20225%2C000%20times,contextual%2C%20creative%2C%20and%20embodied%20intelligence
https://medium.com/write-a-catalyst/human-brains-beat-ai-by-225-000-times-in-energy-efficiency-762b9327e8ad#:~:text=Your%20brain%20uses%20225%2C000%20times,contextual%2C%20creative%2C%20and%20embodied%20intelligence
https://medium.com/write-a-catalyst/human-brains-beat-ai-by-225-000-times-in-energy-efficiency-762b9327e8ad#:~:text=Your%20brain%20uses%20225%2C000%20times,contextual%2C%20creative%2C%20and%20embodied%20intelligence
https://medium.com/write-a-catalyst/human-brains-beat-ai-by-225-000-times-in-energy-efficiency-762b9327e8ad#:~:text=Your%20brain%20uses%20225%2C000%20times,contextual%2C%20creative%2C%20and%20embodied%20intelligence
https://www.nist.gov/blogs/taking-measure/brain-inspired-computing-can-help-us-create-faster-more-energy-efficient
https://www.nist.gov/blogs/taking-measure/brain-inspired-computing-can-help-us-create-faster-more-energy-efficient
https://www.archaeology.org.za/news/201909/human-speech-may-have-universal-transmission-rate-39-bits-second
https://www.archaeology.org.za/news/201909/human-speech-may-have-universal-transmission-rate-39-bits-second
https://richard-brooks.com/the-universal-speed-limit-of-human-language-and-what-it-means-for-ai/
https://richard-brooks.com/the-universal-speed-limit-of-human-language-and-what-it-means-for-ai/
https://ppc.land/study-reveals-all-languages-share-similar-information-speed-despite-differences/
https://ppc.land/study-reveals-all-languages-share-similar-information-speed-despite-differences/
https://www.eurekalert.org/news-releases/1093888
https://news.stanford.edu/stories/2025/08/study-inner-speech-decoding-device-patients-paralysis
https://news.stanford.edu/stories/2025/08/study-inner-speech-decoding-device-patients-paralysis
https://neurosciencenews.com/bci-inner-speech-decoding-29574/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

The Law of Unthinking: A Strategic Analysis of the Next Paradigm in Environmental
Management

Long-term performance of intracortical microelectrode ... - medRxiv, accessed
August 28, 2025,

https://www.medrxiv.org/content/medrxiv/early/2025/07/02/2025.07.02.25330310.

full.pdf
Long-term performance of intracortical microelectrode arrays in 14 BrainGate

clinical trial participants | medRxiv, accessed August 28, 2025,
https://www.medrxiv.org/content/10.1101/2025.07.02.25330310v1

Long-term performance of intracortical microelectrode arrays in 14 BrainGate
clinical trial participants - PubMed, accessed August 28, 2025,
https://pubmed.ncbi.nlm.nih.gov/40630584/

Neural Decoding of Attempted Speech | Explore Technologies - Stanford,
accessed August 28, 2025,
https://techfinder.stanford.edu/technology/neural-decoding-attempted-speech
Speech synthesis from neural decoding of spoken sentences - PMC, accessed

August 28, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC9714519/
A high-performance speech neuroprosthesis - PubMed, accessed August 28,

2025, https://pubmed.ncbi.nim.nih.gov/37612500/
An Accurate and Rapidly Calibrating Speech Neuroprosthesis - PMC - PubMed
Central, accessed August 28, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC11328962/
New Brain Implant Could Let People Speak Just by Thinking Words -
OrthoAtlanta, accessed August 28, 2025,
https://www.orthoatlanta.com/health-news/new-brain-implant-could-let-people-
speak-just-by-thinking-words
Human speech may have a universal transmission rate: 39 bits per second -
Reddit, accessed August 28, 2025,
https://www.reddit.com/r/linguistics/comments/evnugt/human_speech_may_have
a_universal_transmission/
Human speech may have a universal transmission rate: 39 bits per second -
“Indeed, no matter how fast or slowly languages are spoken, they tend to transmit
information at about the same rate - Reddit, accessed August 28, 2025,
https://www.reddit.com/r/psychology/comments/evmh74/human_speech_may ha
ve_a_universal_transmission/
Ecocentric Artificial Intelligence — Term - Climate — Sustainability Directory,
accessed August 28, 2025,
https://climate.sustainability-directory.com/term/ecocentric-artificial-intelligence/
Artificial general intelligence - Wikipedia, accessed August 28, 2025,
https://en.wikipedia.org/wiki/Artificial_general_intelligence
Destination Earth (DestinE) - digital model of the earth | Shaping Europe's digital
future, accessed August 28, 2025,

https://digital-strategy.ec.europa.eu/en/policies/destination-earth
ESA - Destination Earth - European Space Agency, accessed August 28, 2025,

https://www.esa.int/Applications/Observing_the_Earth/Destination_Earth



https://www.medrxiv.org/content/medrxiv/early/2025/07/02/2025.07.02.25330310.full.pdf
https://www.medrxiv.org/content/medrxiv/early/2025/07/02/2025.07.02.25330310.full.pdf
https://www.medrxiv.org/content/10.1101/2025.07.02.25330310v1
https://pubmed.ncbi.nlm.nih.gov/40630584/
https://techfinder.stanford.edu/technology/neural-decoding-attempted-speech
https://pmc.ncbi.nlm.nih.gov/articles/PMC9714519/
https://pubmed.ncbi.nlm.nih.gov/37612500/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11328962/
https://www.orthoatlanta.com/health-news/new-brain-implant-could-let-people-speak-just-by-thinking-words
https://www.orthoatlanta.com/health-news/new-brain-implant-could-let-people-speak-just-by-thinking-words
https://www.reddit.com/r/linguistics/comments/evnugt/human_speech_may_have_a_universal_transmission/
https://www.reddit.com/r/linguistics/comments/evnugt/human_speech_may_have_a_universal_transmission/
https://www.reddit.com/r/psychology/comments/evmh74/human_speech_may_have_a_universal_transmission/
https://www.reddit.com/r/psychology/comments/evmh74/human_speech_may_have_a_universal_transmission/
https://climate.sustainability-directory.com/term/ecocentric-artificial-intelligence/
https://en.wikipedia.org/wiki/Artificial_general_intelligence
https://digital-strategy.ec.europa.eu/en/policies/destination-earth
https://www.esa.int/Applications/Observing_the_Earth/Destination_Earth

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Destination Earth, accessed August 28, 2025, https://destination-earth.eu/
New paper highlights novel capabilities of the DestinE Climate Change
Adaptation Digital Twin, accessed August 28, 2025,

https://destine.ecmwf.int/news/new-paper-highlights-capabilities-climate-chang
e-digital-twin-destine/

Destination Earth: Building a highly accurate Digital Twin of the Earth - Sentinel
Online, accessed August 28, 2025,

https://sentinels.copernicus.eu/web/success-stories/-/destination-earth-building-
a-highly-accurate-digital-twin-of-the-earth

NASA Earth Systems Digital Twins (ESDT), accessed August 28, 2025,
https://ntrs.nasa.gov/citations/20240000303

TIEO2. IGARSS'2024 Townhall on “Digital Twins for Earth Science”, accessed
August 28, 2025,
https://ntrs.nasa.gov/api/citations/20240008384/downloads/presentation.pdf
Earth System Digital Twins (ESDT) Technology for NASA Earth Science, accessed
August 28, 2025, https://ntrs.nasa.gov/citations/20220007620

Earth System Digital Twins - NASA Earth Science and Technology Office,
accessed August 28, 2025, https://esto.nasa.gov/earth-system-digital-twin/

NASA Earth System Digital Twins (ESDT) For a Sustainable Future, accessed
August 28, 2025,
https://ntrs.nasa.gov/api/citations/20250000171/downloads/2025-01_AMS25_NAS
A-ESDT LeMoigne.pdf

Expanding Destination Earth: New Digital Twins for Climate, Urban and Weather
Applications | TerraDT, accessed August 28, 2025,
https://terradt.eu/events/expanding-destination-earth-new-digital-twins-climate-
urban-and-weather-applications

NOAA AI-BASED 3D EARTH AND SPACE OBSERVING DIGITAL TWIN (EO-DT),
accessed August 28, 2025,
https://www.nesdis.noaa.gov/s3/2025-01/LM-NVIDIA-EODT-FinalReport-dmg-fina
1-20250110.pdf

Digital Twin Earth: the next-generation Earth Information ... - Frontiers, accessed
August 28, 2025,
https://www.frontiersin.org/journals/science/articles/10.3389/fsci.2024.1383659/full
Technology for Earth System Digital Twins, accessed August 28, 2025,
https://destination-earth.eu/wp-content/uploads/2024/05/Technology-for-Earth-
System-Digital-Twins-.pdf

Environmental Angel: Maxwell's Demon Evolved

Law of Unthinking and the Holographic Negentropic Framework--Toward a
Paradigm of Proactive Planetary Thriving.pdf

Holographic principle - Wikipedia, accessed August 28, 2025,
https://en.wikipedia.org/wiki/Holographic_principle

Holographic entanglement entropy and mutual information in deformed field
theories at finite temperature | Phys. Rev. D - Physical Review Link Manager,

accessed August 28, 2025, https:/link.aps.org/doi/10.1103/PhysRevD.107.086010
Holographic approach to entanglement entropy in disordered systems | Phys.



https://destination-earth.eu/
https://destine.ecmwf.int/news/new-paper-highlights-capabilities-climate-change-digital-twin-destine/
https://destine.ecmwf.int/news/new-paper-highlights-capabilities-climate-change-digital-twin-destine/
https://sentinels.copernicus.eu/web/success-stories/-/destination-earth-building-a-highly-accurate-digital-twin-of-the-earth
https://sentinels.copernicus.eu/web/success-stories/-/destination-earth-building-a-highly-accurate-digital-twin-of-the-earth
https://ntrs.nasa.gov/citations/20240000303
https://ntrs.nasa.gov/api/citations/20240008384/downloads/presentation.pdf
https://ntrs.nasa.gov/citations/20220007620
https://esto.nasa.gov/earth-system-digital-twin/
https://ntrs.nasa.gov/api/citations/20250000171/downloads/2025-01_AMS25_NASA-ESDT_LeMoigne.pdf
https://ntrs.nasa.gov/api/citations/20250000171/downloads/2025-01_AMS25_NASA-ESDT_LeMoigne.pdf
https://terradt.eu/events/expanding-destination-earth-new-digital-twins-climate-urban-and-weather-applications
https://terradt.eu/events/expanding-destination-earth-new-digital-twins-climate-urban-and-weather-applications
https://www.nesdis.noaa.gov/s3/2025-01/LM-NVIDIA-EODT-FinalReport-dmg-final-20250110.pdf
https://www.nesdis.noaa.gov/s3/2025-01/LM-NVIDIA-EODT-FinalReport-dmg-final-20250110.pdf
https://www.frontiersin.org/journals/science/articles/10.3389/fsci.2024.1383659/full
https://destination-earth.eu/wp-content/uploads/2024/05/Technology-for-Earth-System-Digital-Twins-.pdf
https://destination-earth.eu/wp-content/uploads/2024/05/Technology-for-Earth-System-Digital-Twins-.pdf
https://en.wikipedia.org/wiki/Holographic_principle
https://link.aps.org/doi/10.1103/PhysRevD.107.086010

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Rev. D, accessed August 28, 2025,
https://link.aps.org/doi/10.1103/PhysRevD.99.046019
Maxwell's Demon in Quantum Mechanics - PMC - PubMed Central, accessed

August 28, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC7516722/
BCI-AGI and Nature Stewardship

. Quantification of Information in a One-Way Plant-to-Animal Communication

System - MDPI, accessed August 28, 2025,
https://www.mdpi.com/1099-4300/11/3/431

Quantification of Information in a One-Way Plant-to-Animal Communication
System, accessed August 28, 2025,
https://www.researchgate.net/publication/26843347_Quantification_of Informatio
n_in_a_One-Way_Plant-to-Animal_Communication_System

The evolution of signaling and monitoring in plant-fungal networks ..., accessed
August 28, 2025, https://www.pnas.org/doi/10.1073/pnas.2420701122

Mycorrhizal network - Wikipedia, accessed August 28, 2025,
https://en.wikipedia.org/wiki/Mycorrhizal_network

Interplant carbon and nitrogen transfers mediated by common arbuscular
mycorrhizal networks: beneficial pathways for system functionality - Frontiers,
accessed August 28, 2025,
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.11693
10/full

Peer-Reviewed Papers - The Levin Lab, accessed August 28, 2025,
https://www.drmichaellevin.org/publications/

Al-Driven Control of Bioelectric signalling for Real-Time Topological
Reorganization of Cells, accessed August 28, 2025,
https://arxiv.org/html/2503.13489v2

Bioelectric signaling: Reprogrammable circuits underlying embryogenesis,
regeneration, and cancer - PubMed, accessed August 28, 2025,
https://pubmed.ncbi.nlm.nih.gov/33826908/

Exploring Instructive Physiological Signaling with the Bioelectric Tissue Simulation
Engine, accessed August 28, 2025,
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/1
0.3389/fbioe.2016.00055/full

Bioelectricity - The Levin Lab, accessed August 28, 2025,

https://drmichaellevin.org/publications/bioelectricity.html
Endogenous Bioelectric Signaling Networks: Exploiting Voltage ..., accessed

August 28, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC10478168/

Bioelectric Plant Signals — Term - Lifestyle — Sustainability Directory, accessed
August 28, 2025,
https://lifestyle.sustainability-directory.com/term/bioelectric-plant-signals/
Statistical Analysis of Plant Bioelectric Potential for Communication with Humans |
Request PDF - ResearchGate, accessed August 28, 2025,
https://www.researchgate.net/publication/234423309_Statistical_Analysis_of Plan
t_Bioelectric_Potential_for Communication_with_Humans

Plant Bioelectric Early Warning Systems: A Five-Year ... - arXiv, accessed August



https://link.aps.org/doi/10.1103/PhysRevD.99.046019
https://pmc.ncbi.nlm.nih.gov/articles/PMC7516722/
https://www.mdpi.com/1099-4300/11/3/431
https://www.researchgate.net/publication/26843347_Quantification_of_Information_in_a_One-Way_Plant-to-Animal_Communication_System
https://www.researchgate.net/publication/26843347_Quantification_of_Information_in_a_One-Way_Plant-to-Animal_Communication_System
https://www.pnas.org/doi/10.1073/pnas.2420701122
https://en.wikipedia.org/wiki/Mycorrhizal_network
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1169310/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1169310/full
https://www.drmichaellevin.org/publications/
https://arxiv.org/html/2503.13489v2
https://pubmed.ncbi.nlm.nih.gov/33826908/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2016.00055/full
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2016.00055/full
https://drmichaellevin.org/publications/bioelectricity.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC10478168/
https://lifestyle.sustainability-directory.com/term/bioelectric-plant-signals/
https://www.researchgate.net/publication/234423309_Statistical_Analysis_of_Plant_Bioelectric_Potential_for_Communication_with_Humans
https://www.researchgate.net/publication/234423309_Statistical_Analysis_of_Plant_Bioelectric_Potential_for_Communication_with_Humans

28, 2025, https://arxiv.org/pdf/2506.04132

65. pubs.aip.org, accessed August 28, 2025,
https://pubs.aip.org/asaljasalarticle/133/4/EL300/917082/Covert-underwater-acou
stic-communication-using#:~:text=The%20time %20duration%200f%20whistle,c

ommunication%20rate%20is%2037.16%20bps.
66. Covert underwater acoustic communication using dolphin sounds - PubMed,

accessed August 28, 2025, https://pubmed.ncbi.nim.nih.gov/23556695/

67. The spatial information content of the honey bee waggle dance - Frontiers,
accessed August 28, 2025,
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2
015.00022/pdf

68. The spatial information content of the honey bee waggle dance - Frontiers,
accessed August 28, 2025,
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.338%/fevo.2
015.00022/full



https://arxiv.org/pdf/2506.04132
https://pubs.aip.org/asa/jasa/article/133/4/EL300/917082/Covert-underwater-acoustic-communication-using#:~:text=The%20time%20duration%20of%20whistle,communication%20rate%20is%2037.16%20bps.
https://pubs.aip.org/asa/jasa/article/133/4/EL300/917082/Covert-underwater-acoustic-communication-using#:~:text=The%20time%20duration%20of%20whistle,communication%20rate%20is%2037.16%20bps.
https://pubs.aip.org/asa/jasa/article/133/4/EL300/917082/Covert-underwater-acoustic-communication-using#:~:text=The%20time%20duration%20of%20whistle,communication%20rate%20is%2037.16%20bps.
https://pubmed.ncbi.nlm.nih.gov/23556695/
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2015.00022/pdf
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2015.00022/pdf
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2015.00022/full
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2015.00022/full

	Section 1: Introduction: The Bandwidth Problem of Planetary Cognition 
	The Anthropocene's Architectural Crisis 
	The 'Inverting the Stack' Imperative 
	The Human Bottleneck Quantified 
	The Technological Inflection Point 

	Section 2: The Physics of Progress: Information, Entropy, and the Law of Unthinking 
	Information as the Architect of Order 
	The Law of Unthinking (LoU) as a Thermodynamic Imperative 
	The Unthinking Trajectory of Civilization 

	Section 3: Decoding Imagined Speech: A High-Bandwidth Channel for Human Intent 
	Technical Analysis of Willett et al. (2025) 
	From Assistive Technology to a Universal Interface 

	Section 4: The Architecture of Planetary Regulation: EGI, HNF, and the Thermodynamic Ledger 
	Environmental General Intelligence (EGI) as the System Core 
	The Infomechanosphere: A Planetary Substrate 
	The Holographic Negentropic Framework (HNF) 
	The 'Environmental Angel' and the Thermodynamic Ledger 

	Section 5: Universal Communication in Bits: Integrating Human, Artificial, and Natural Information Flows 
	A Universal Information Currency 
	Channel 1: Human-to-AI Communication (The Negentropic Channel) 
	Channel 2: AI-to-Nature Communication (Actuation) 
	Channel 3: Nature-to-AI Communication (Sensing) 
	Closing the Loop: A System of Thermodynamic Arbitrage 

	Section 6: Conclusion: The Negentropic Trajectory and the Future of Consciousness 
	Synthesis of Frameworks 
	A Planetary Phase Transition 
	The Future of Whitehead's "Cavalry Charge" 
	The Exa-Genesis Trajectory 
	Works cited 



