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The Forest Does Not Heat Itself
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THERMAL WASTE
METABOLIC HEAT
(NATERTRobEST V) STRUCTURAL LOAD
DISTRIBUTION
NUTRIENT CYCLE
RESIDENTIAL AREA INTEGRATED SYSTEM
(SEPARATE SYSTEM)
The Single-Output Principle The Multi-Functional Substrate
Human infrastructure separates computation, heating, and storage into distinct physical A tree computes the distribution of light, water, and structural load across a million
systems, optimizing for a single metric and discarding the byproducts of others as waste. simultaneous processes, discarding nothing that can be used downstream. Nothing is wasted.

We call this ecology. We could call it engineering. - e



The Separated Substrate Problem

Computation happens where data center economics are favorable. Heat demand happens where people live.
The xylomorphic proposal replaces spatial independence with a co-optimization objective: co-locating digital

computation and heat demand so waste heat becomes useful heat.
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Four Stages of Infrastructure Evolution

e

Stage 1: Separation

Relationship:
@ [H
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Stage 2: Recovery

Relationship:
C—
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Stage 3: Integration

Relationship:
C -+ H

Stage 4: Co-computation

Relationship:
=0

Core Optimization:
Independent domains

Core Optimization:
Single-domain with
secondary capture

Core Optimization:

Co-located shared
scheduler

Core Optimization:
Physical dynamics

solve math

Primary Byproduct:
Discarded Exhaust

Primary Byproduct:
Captured Exhaust

Primary Byproduct:
Jointly produced utility

Primary Byproduct:
None

Architectural Analog:

Distinct power plant
and heater

Architectural Analog:

District heating loop
attached to a data center

Architectural Analog:
The GPU Heater Node

Architectural Analog:

The Thermodynamic
Organism

A NotebookLM



Stage 3 Integration: The GPU Heater Node

The Object

A self-contained residential compute
unit whose primary heat output is
intentionally directed into the
building’s thermal envelope rather
than exhausted outside.

The Mechanics

Requires a processor architecture
supporting wide dynamic power
range—drawing single-digit watts
in deep idle states, with fast
transition times to reach hundreds
of watts on scheduler instruction.

The Relationship

The household does not run a
server farm; it runs a standby node
that becomes a heater when the
network determines that local heat
need and available latency-
tolerant workloads align.

Rapid Transition
Instruction

Sy

—

Deep Idle State

Active Thermal State
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The Addressing Layer is Already Built

Topology Alignment

Fiber topology tracks the distribution
of people, not cheap industrial power.
Distributed addressing of individual
homes is already solved at the
communication layer.

The Packet/Job Equivalency

A data packet and a compute job are
structurally identical to the network.
Both are addressed, routed, and
consume proportional bandwidth.

The Insight

We don't need to dig new trenches.
The household IP address simply
becomes a thermal address—a node
whose load is adjusted by the router’s
scheduler based on heating profiles.

The Heating Network
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Partitioning the Computational Workload

The proposal requires only that enough computation be thermally schedulable to satisfy a meaningful fraction of cold-
climate residential heating demand. Dy ,;.1, + Diperma NOW constitutes a massive, growing share of global compute load.

Centralized Path b =
Master Sorting Router * Djatency (Interactive, high-trequency}
* D...ro (Data-sovereignty jobs)
Raw Global -
Data; D(t) | LAk =
Thermally Schedulable Path Routed to centralized data center hubs

* Dyaten (Model training, rendering)
* Dihermat (High thermal yield jobs)
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Routed to cold-climate residential nodes
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The Total-Output Efficiency Showdown
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oy eatpump | GPUHeaterNode | r 8
Thermal COP 1.0 2.0-5.0 1.0 2.5-5.0+
Compute Value Zero Zero High Market Value High Market Value
SxUCHe CP d (-15°C) Retains 1.0 COP Degradatinn, Retains 1.0 COP Sustained performance
Invariance requires backup

V =+ ' '
Total System Utility U intrnal compute T Qthermal | Collective COP weighted

M Input by compute value

A heat pump evaluates efficiency on thermal output alone. The GPU Heater node produces joint computation
and heat. In extreme northern winters, where heat pump COP approaches resistance heating,
the GPU node’s performance remains cold-invariant while generating economic value.
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The Economic Engine: A New Brunswick Case Study

The thermodynamic quantities are not a rounding error. Combined with a baseline heat pump and thermal storage buffer,
the integrated plant covers full heating loads while providing 120 kW of thermally scheduled planetary computation.

The Setup & Deployment Thermal Contribution & Market Value
F 1 [ A &l
- ————— 1 h Thermal Contribution
% QEE - %:::E Omes \—‘ééz Covers 15% to 24% of
5 NO0000000C . _ the neighborhood'’s
sEEEEEEEEREEE | baseline thermal demand
| - — e with zero secondary
%D DE E = %::flE x x i ; heat source.
Lj bl EEEEEERNE i | y
L simultaneous Market Value
100 detached homes (150m? avg area) O 6 . $$$
Aggregate thermal demand: o dlSpﬂtCh L oy O
500-800 kW continuous = ey
o momems | | =120 KW —
i 100 homes equipped with | $
A[erulE dense GPU Heater Nodes - ER o ot
'-.-.-.-.-.-' 2 kW output when At a conservative $0.05/kWh cloud
dispatched compute rate, generating non-trivial
LGPU Heater Node A & household energy bill offsets. |
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Climate as the Global Scheduler
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The Thermal Utility Function
U(x,t) = C(x,t) + A(x, t)H(x, 1)

A is the spatiotemporally varying weight
reflecting the local price of heat.
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The Synthesis

We stop treating weather as an enemy of hardware. If the local
price of heat is high (e.g., -20°C in January), the scheduler routes
load there. The joint utility of computation plus free heat vastly
exceeds more efficient computation that discards its heat.

The Insight

The infrastructure cost of this migration is zero. The workload -
is software; only the direction of the packets changes.
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Stage 4: Physical Co-Computation

The Stage 3 argument is resource efficiency: computation creates heat, so reuse it. The Stage 4 claim is profoundly
different: computation, heat transport, fluid flow, optical propagation, and thermal diffusion are manifestations of
the exact same underlying physical dynamics. They should be engineered as a single coupled system.

Functional Density (F)

Conventional Heater: 1 service

F = (Uthermat) / M ﬁ

Stage 3 GPU Node: 2 services

F = (Ucompute + Uthermar) / M """ L'

Stage 4 Xylomorphic Node: 6 services
F = Udigital T Uﬂuid 2 Uoptigal +
Utherm al T Uacoustic i Ustorage




Anatomy of the Thermodynamic Organism

Synthesizing the historical tradition of analog computing with building infrastructure. Heat is no longer
the enemy of computation; it is the dimension in which computation occurs.

BUILDING
HEAT YIELD

PRESSURE ROUTING
OPTIMIZATION

Layer 1: Pressurized Fluid Loop

Geometry tuned to produce pressure distributions that
e | > solve routing optimization problems. Friction and pump

operation yield building heat.

PHASE
MODULATORS

Layer 2: Optical Interference Network

Waveguides and phase modulators perform matrix-vector
MATRIX-VECTOR multiplication at the speed of light. Negligible heat generation.

MULTIPLICATION

it

Ny | . -
o S > |Layer 3: Phase-Change Material (PCM)
e | Transitions between solid/liquid states encode information
i ey BUFFER (storage) while buffering thermal energy for the home.

e - Layer 4: Thermal Diffusion Field

Temperature evolution over time solves Laplace equations

LAPLACE EQUATION for potential-field problems.

TEMPERATURE
EVOLUTION
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The Biological Mirror: Xylomorphic Cross-Section

Forest systems achieve high functional density not by packing more devices into space, but by engineering
materials where each physical process yields multiple utility functions simultaneously.

The Tree Cambium Layer

Metabolic heat produced
by cellular respiration is
not wasted; it participates
in the thermal gradient
driving water transport.

Fluid loop pressure
physically instantiates a
routing solution while
friction heats the room.

Wind loading
performs spectral
decomposition to

regulate growth.

Resonant modes encode
spectral decomposition
while dampening noise.

The Stage 4 Node
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The Real Barrier is Institutional, Not Physical

The physics are well understood. The mathematics of network utility maximization are standard. The barrier is that a
GPU heater node is simultaneously consumer electronics, a heating appliance, a grid-connected distributed energy

resource, and a commercial compute node. No existing regulatory category covers all four.

—

1. Compute Infrastructure

Data center supply chains
optimized for raw throughput

—_—

3. Electrical Grid

Balancing mechanisms and
utility tariffs

2. Residential Heating

X | Appliance standards and
m ; HVAC trades

e

Siloed jurisdictions

o i Z 4. Regulatory Frameworks
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Transition Narratives: Substitutio'n vs. Transformation

Electrification didn't just substitute motors for steam engines; it dissolved the proximity constraint between power
and production. The xylomorphic proposal promises an equivalent geographic and functional reorganization.

The Substitution Narrative -
Gas Furnace .Inll - > gl Electric Heat Pump

Coal Plant .Ilﬁ. ————> AZE88R Solar Farm
T

Mechanism: The function remains exactly the same; only the energy
substrate changes. Direct replacement.

The Transformation Narrative

= Cnmut Network Node

IEET

Heater

Mechanism: Reorganizes functions entirely. A device that performs
heating as just one output of a multi-output process, dissolving physical
proximity constraints and remapping urban geography.




The Heater That Thinks

Global data centers consume hundreds of
terawatt-hours yearly, exhausting massive -
thermal energy into the atmosphere.
Simultaneously, we spend comparable energy

on space heating. This overlap is not a rounding
error—it is a resource of civilizational scale.

The xylomorphic premise asks us to dissolve
the boundary between computation and heat.

The civilization that emerges from this transition
will not have a word for waste heat, because it
will build systems where heat is not wasted. The
heater that thinks is the nearest approximation
we have to what that future looks like.
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