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1. The Cooling Tower Plume: The Physical Reality of
Al Heat

Across Northern Virginia, Phoenix, Dublin, and Taiwan, the most prominent
physical manifestation of the artificial intelligence boom is not silicon compute
clusters; it is the massive, dense plumes of water vapor rising from hyperscale
cooling towers.

Data center cooling is constrained by basic thermodynamics. Rejecting heat through
water evaporation operates under the latent heat of vaporization of water (h_fg =
2.43 x 1076 J/kg at 30°C):

The Absolute Latent-Heat Ceiling: Converting 100% of a 100-megawatt IT
load (8.64 x 10*12 J/day) into pure evaporative heat dissipation requires
vaporizing:

M evap = (100 MW x 24 h x 3.6 x 1076 J/kWh) / (2.43 x 1076 J/kg)
=3.555 x 1076 kg/day
~ 939,279 Gallons/Day = 0.94 M gal/day.

Annualized, pure latent heat evaporation accounts for 342.8 M gallons/year. No
100 MW facility can physically evaporate more than 0.94 M gallons/day
through IT heat dissipation alone without violating the First Law of
Thermodynamics.

The Operational Facility Reality (Blowdown & Drift): Evaporative towers
accumulate dissolved minerals as pure water evaporates. To prevent
calcification and scale, towers must bleed concentrated mineral wastewater
(blowdown) and replace it with fresh municipal makeup water. At typical Cycles
of Concentration (CoC = 2.5 to 5.0), makeup water is governed by:

M _makeup =M _evap x (CoC / (CoC - 1)).

° At CoC =5.0: M_makeup =0.94 x 1.25=1.175 M gal/day = 1.18 M gal/
day (428.9 M gal/year).

° At CoC =3.0: M_makeup = 0.94 x 1.50 =1.410 M gal/day =~ 1.41 M gal/
day (514.7 M gal/year).

° At CoC=2.5: M_makeup = 0.94 x 1.667 = 1.567 M gal/day = 1.57 M gal/
day (571.8 M gal/year).

Thus, a standard 100 MW evaporative hyperscale campus consumes 1.18 M to
1.57 M gallons of potable water every day (429 M to 572 M gallons/year).
Mega-campuses scaling to 350-500 MW consume upwards of 4 to 5 million
gallons daily.

The Municipal Tap Conflict: Over 57% of all data center cooling water is
drawn directly from municipal drinking water pipes and local aquifers.

Municipal Population Equivalency: Using verified USGS/EPA data for
domestic per-capita municipal water consumption (60 to 75 gallons/person/day),
a 100 MW campus consumes the exact annual drinking and domestic water
allocation of 21,000 to 26,000 human residents:



(1,567,000 gal/day) / (75 gal/person/day) =~ 21,000 citizens,
(1,567,000 gal/day) / (60 gal/person/day) = 26,000 citizens.

In water-stressed basins such as the Colorado River basin and Central Arizona,
municipal authorities and utility boards are placing moratoria on data center
construction. The expansion of Al is colliding directly with human water security.

2. The Thermodynamic Culprit: Transient
Serialization Churn

Why do Al data centers generate so much heat? Conventional wisdom blames
transistor density and matrix multiplication tensor cores. But physics demonstrates
that a vast fraction of server heat generation originates not from useful neural
inference, but from transient software churn:
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Under modern multi-agent and document-centric architectures, servers expend up to
45% of active CPU cycles continually serializing binary memory into JSON, XML,
or Protobuf representations, transmitting them over TCP/IP loopback, and parsing
them back into heap objects.

Every memory bus traversal burns energy:

* DDR5 DRAM bus writes consume 15 to 30 pJ per bit.

* Serializing a 10 MB application state document across 10,000 micro-agent
requests per second dumps hundreds of watts of parasitic thermal energy
directly into the server chassis.

* Under Landauer’s Principle (dE =k B T In(2)), erasing transient computational
state and collecting heap garbage generates continuous, irreversible
thermodynamic entropy.



Heat never generated is water never evaporated. By eliminating serialization churn,
ATESO attacks the water crisis at its thermodynamic origin.

3. ATESO Zero-Reconstruction Architecture:
Eliminating the Evaporative Need

The ATESO Magma Runtime replaces transient document construction with zero-
reconstruction resident state. Application state resides permanently in contiguous,
capability-addressed binary memory mapped directly to hardware accelerators.
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High-Delta-T Exudate Enables 100% Dry Cooling

Conventional data centers exhaust cooling water at relatively low temperatures
(30°C to 38°C). Because the thermal approach to ambient summer air (35°C to
42°C) is negative or minimal, they are physically incapable of rejecting heat through
dry radiators; they must rely on the latent heat of evaporation via cooling towers.

ATESQO’s resident state architecture enables high-density direct-to-chip (D2C) liquid
cooling:

1. Because CPU and memory churn are eliminated, peak thermal spikes are
smoothed.

2. Coolant can be operated at elevated supply temperatures (40°C to 45°C),
yielding an exhaust exudate temperature of 55°C to 65°C.

3. At 55°C-65°C, the temperature differential (AT) between coolant and ambient
desert air (35°C—42°C) is a robust 15°C to 25°C.

4. Heat is rejected purely through closed-loop ambient dry coolers (fin-fan heat
exchangers)—evaporating exactly zero gallons of water.



Rigorous Boundary: The High-Ambient Adiabatic Trim

To maintain scientific integrity, ATESO does not claim 0 gallons under extreme
ambient conditions without qualification. During peak desert heat waves (>43°C /
>110°F), dry coolers experience thermal approach compression. Facilities may
engage an optional adiabatic misting trim on radiator intake air:

* Operating Envelope: <300 ambient spike hours/year during extreme peak
summer temperatures (>43°C).

* Partial Trim Duty: Adiabatic misting provides sensible pre-cooling of intake
air by 5°C—8°C (rather than evaporating the full 100 MW thermal load),
operating at an average ~70.9% duty factor across the 300-hour window
(equivalent to 212.6 hours of full-rate evaporative heat dissipation at 1.309M
gal/day).

* Water Consumption During Trim: Capped at <11.6 million gallons/year for a
100 MW facility (average 38,667 gal/hour during active misting; annualized
WUE < 0.05 L/kWh).

* Net Water Conservation: Compared to conventional evaporative cooling
towers (which consume 429M to 572M gallons/year at 1.18M—1.57M gal/day),
this represents a 97.3% to 98.0% reduction in campus water consumption.

* Baseline Operation Across Temperate Zones: 100% closed-loop dry rejection
(0 gallons evaporated).

4. Multi-Node Thermal Networks: Industrial Heat
Repurposing

Rather than venting high-temperature thermal energy into the atmosphere, ATESO
nodes are engineered to entangle into Multi-Node Thermal Networks.

At an exudate temperature of 55°C to 65°C, data center heat ceases to be
environmental waste; it becomes valuable industrial thermodynamic enthalpy:

[THE THERMAL DISTRICT RECOVERY NETWORK]
ATESO High-Density Liquid Loop (55°C — 65°C Coolant)
——> District Hydronic Heating (Urban Residential Tap)

——> Industrial Food Drying & Controlled-Environment
Agriculture

——> Low-Temperature ORC (Organic Rankine Cycle)
Auxiliary Generation

L—> Thermally-Driven Adsorption Desalination

* District Heating Integration: 60°C liquid effluent can be pumped directly into
municipal district heating systems, heating residential water supplies and
commercial facilities during winter months, offsetting municipal gas
consumption.



* Desalination & Purification: Low-grade thermal energy can drive adsorption
desalination systems, purifying brackish groundwater or sea water without
electrical grid parasitics.

S. Planetary Impact Analysis: The Water Balance

Sheet

Scaling the ATESO Resident Envelope across the projected global Al infrastructure
footprint reveals massive ecological preservation:
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Per-Server Empirical Metrics

+ Standard 1U/2U Hyperscale Server (800 W IT load): Consumes 308.9 to 411.8
gallons of potable water annually through cooling tower evaporation and

blowdown.

* ATESO Resident Node: Consumes 0.0 gallons of evaporative water in standard
operations; <8.3 gallons under extreme adiabatic trim.

6. Conclusion: The Code-Water Equivalence

The environmental crisis of artificial intelligence is fundamentally a software

architecture failure.

Every line of inefficient code, every redundant JSON serialization cycle, every
unmarshaled string in an autonomous agent feedback loop creates physical heat that

must be extracted by evaporating clean planetary drinking water.

"Software architecture is hydrology.
Every redundant serialization cycle evaporates clean



drinking water.

Heat never generated is water never evaporated."

ATESO establishes a new thermodynamic mandate for the artificial intelligence
industry: by eliminating software reconstruction churn, elevating coolant delta-T,
and deploying closed-loop dry rejection, computing can scale indefinitely without
competing with human beings for water.
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