@ ELI5: THE GREEN CODE
INFRASTRUCTURE AUDIT

Translation: "Can we actually build this without going broke or breaking the grid?"

THE FOUR PILLARS — LIKE YOU'RE 5

Pillar

1. No Water Cooling

2. Sell the Heat

3. Brain Chips
(Neuromorphic)

The Big Idea

- Stop boiling
water to cool
computers. Bathe
servers in special
"dry water" (dielectric
fluid) that never
evaporates.

¢ Computers get
hot. Capture that
heat (120°F = bath
temp) and sell it to
heat
homes/greenhouses.

“ Swap
power-hungry GPUs
for chips that think
like brains. 1000W
— 20W (like a
lightbulb).

The "Uh-Oh"
Problem

¢ Expensive
bathtub. Costs 3x
more to build. The
"dry water" might be
banned soon (PFAS
chemicals).

) Too cold for old
pipes. City heating
pipes need
boilingwater (180°F).
120°F only works for
new"cool pipe"
systems or
greenhouses next
door.

X Software doesn't
fit. All current Al
code
(PyTorch/TensorFlow)
is written for GPUs.
Rewriting takes
years. Chips (Loihi 2,
Akida) are still

The Verdict

"4 Works for new
buildings.>{ Too
pricey for old
onesunless water
gets very expensive.

I\ Only works if
you build next to a
greenhouseor a
brand-new city heat
network.

Physics says
YES. Economics
says WAIT 3-5
YEARS.



4. Secret Audits
(ZKP)

€. Prove you're
green without
showing your secret
sauce. Math magic

small/slow for big
models.

o Math is
slow.Proving "l used
500kWh" takes more
computer power than

"4 Great idea.
Needs dedicated
"audit chips" to be
practical at scale.

just... showing the
electric bill. Hardware
accelerators needed.

(Zero-Knowledge
Proofs) lets
regulators verify
water/power use
without seeing your
Al weights.

%L THE BOTTOM LINE (ELI5)

"The physics works. The plumbing is hard. The money only works if laws change now."

n

z) DEEP DIVE AUDIT: PILLARS 1-4 (FULL
TECHNICAL EXPANSION)

Continuing from previous cutoff. Senior Infrastructure Engineer / Thermodynamic Auditor
mode.

PILLAR 1: ZERO-LIQUID DISCHARGE (ZLD) &
WATERLESS COMPUTE — DEEP DIVE

1.1 Thermodynamic Efficiency: The Carnot Advantage



cold

Evaporative Cooling: 7'
hot

~35°C(308K) — Low grade heat, hard to reuse.

Immersion Cooling (Single-Phase): T’
hot

~50—55°C(323—328K).
Immersion Cooling (Two-Phase): T

® ot
°

e ~60—70°C(333—343K)« Sweet spot for Heat Reuse (Pillar 2).
Result: Immersion raises waste heat temperature by 156-35°C, doubling Carnot efficiency for
heat pumps / ORC (Organic Rankine Cycle) generation.

1.2 Fluid Chemistry & Regulatory Cliff Edge (Critical Path)

Fluid Class Example Thermal Viscosity PFAS Status | Viability
Cond. (cSt) 2027+
(W/m-K)
Fluorocarbo | 3M Novec 0.065 0.6-1.0 PFAS X Stranded
ns (Legacy) |7100, FC-43 (Banned Asset Risk
EU/US
tracking)
Hydrofluoro | 3M Novec 0.075 0.7-1.2 PFAS >{ High Risk
ethers 7200/7300 (Precursors)
(HFEs)
Synthetic Shell GTL, 0.14 2040 Non-PFAS ("4 Preferred
Hydrocarbo | PAO-40
ns (PAO)
Silicone Oils | Dow Corning | 0.15 50-100 Non-PFAS (74 Preferred
200 (High Temp)




Natural
Esters

Midel 7131

0.17

15-30 Biodegradab | [/ Best ESG
le/ Profile
Non-PFAS

Engineering Directive: Specify PAO / Ester / Silicone ONLY.Fluorocarbon loops = technical
debt. Viscosity penalty (PAO ~30 cSt vs Novec ~0.7 cSt) requires larger pumps / wider
channels — +5-10% pumping power. Acceptable trade-off.

1.3 CapEx Model: New Build vs. Retrofit (100 MW Campus)

Cost Category

White Space Build

Fluid Fill (Initial)

Annual Fluid Top-off
(1.5%)

PUE (Annualized)

Annual Energy
Savings (vs 1.45)

Simple Payback

Air-Cooled
(Baseline)

$7.0M/MW

$0

$0

1.45

Baseline

N/A

Immersion Retrofit

+$2.5M/MW (Tank
reinforcement,
plumbing)

=4 OM**(500kL@8
/L PAO)

$600k/yr

1.03-1.07

*~3.2M/yr+*(@0.0
7/KWh)

~2.1 Years

Immersion
New-Build

+$1.2M/MW(Integrat
ed design)

$4.0M

$600k/yr

1.02-1.05

~$3.5M/yr

~1.5 Years

Verdict: New-build immersion is a no-brainer (ROI < 2 yrs). Retrofit requires water stress
pricing > $0.02/gal or regulatory mandate to pencil out.

PILLAR 2: THERMAL SYMBIOSIS — DEEP DIVE

2.1 The Temperature Mismatch Matrix

Heat Sink Required Immersion Immersion Match? Interface
Supply Temp | Exit Temp Exit Temp Hardware
(1-Phase) (2-Phase)



Legacy
District
Heating
(3G/4G)

5th Gen
District
Heating
(5GDH /
Anergy)

Greenhouse
/
Hydroponics

Aquaculture
(RAS)

Industrial
Process
(Food/Dryin

g)

90-120°C /
195-250°F

10-30°C /
50-86°F

35-45°C/
95-113°F
(Root Zone)

15-28°C /
59-82°F

60-90°C /
140-195°F

50°C / 122°F

50°C / 122°F

50°C / 122°F

50°C / 122°F

50°C / 122°F

65°C / 149°F

65°C / 149°F

65°C / 149°F

65°C / 149°F

65°C / 149°F

(4 PERFECT

4
EXCELLENT

4
EXCELLENT

[
MARGINAL

2.2 The "Co-Location Imperative" (Site Selection Physics)

th

xPrice
th
—Pumping
parasitic
—Pipe
CapEx_amortized
e 0O
.

Thermal Revenue=

Q

Industrial
Heat Pump
(COP
2.5-3.0)
+$1.5M/MWt
h

Plate Heat
Exchanger
only
($50k/MWth)

Simple
mixing valve

Titanium HX
(corrosion)

Heat Pump
boost
needed



th

e ~1.0 MWth per MW IT (at 1.0 PUE).

e Pipe Cost: 3M—8M/km (pre-insulated steel/PERT).

e Break-even Distance: < 500 meters for 5GDH/Greenhouse. > 2 km = Negative NPV
without carbon credits > $100/tCO2e.
Strategic Implication: Pillar 2 dictates Pillar 1. You must choose 2-phase immersion (65°C+)
and site adjacent to 5GDH/Greenhouse/Ag load during site selection. Retrofitting thermal
export is economically non-viable.

2.3 Regulatory & Contractual Framework

e Heat Purchase Agreements (HPA): 15-20 year tenor required for pipe CapEx
amortization. Data centers typically sign 5-10 year leases. Mismatch.
e Solution: Special Purpose Vehicle (SPV) owns thermal infrastructure. DC signs "Heat
Supply Agreement" with SPV. SPV signs HPA with Utility/Off-taker. Isolates DC from
thermal demand risk.

PILLAR 3: 20W BRAIN BENCHMARK (NEUROMORPHIC
EDGE) — DEEP DIVE

3.1 The Hardware Landscape (2026 SOTA)

Platform

Intel Loihi
2

BrainChip
Akida
1000

Innatera
Spiking
Neural
Processor

Process

Intel 4
(7nm)

TSMC
28nm

28nm

Neurons /
Cores

1M
Neurons /
128 Cores

1.2M
Neurons /
80 NPEs

256k
Neurons

Synaptic
Ops
(SOPS)

~10 TOPS
(Sparse)

~6 TOPS
(Event)

~10 TOPS

Power

(Typical)

1-2W

0.5-1.5W

< 500 mW

SOPS/W

~5-10
TOPS/W

~4-12
TOPS/W

> 20
TOPS/W

Status

Sampling
/
Research

Productio
n (Edge)

Sampling



SynSense |22nm/ ~10k-100k | ~100 <10 mwW >10 Productio
Speck / 28nm GOPS TOPS/W n (TinyML)
DynapCN

N

NVIDIA TSMC 4nm | 1024 100 TOPS (15-25W ~4-6 Productio
Jetson CUDA /32 | (Dense TOPS/W n

Orin NX Tensor INT8)

(GPU Ref)

NVIDIA TSMC 4nm | 18,432 3,958 700 W ~5.6 Productio
H100 CUDA TOPS TOPS/W n

(Server (FP8

Ref) Dense)

3.2 The "Sparsity Tax" — Why 95% Reduction Is Harder Than It Looks

static

+P

dynamic

xActivity Factor

e GPU (Dense): Activity Factor = 1.0 (Always computes 4xB). P
dyn

[

[ ]

e dominates.

e Neuromorphic (Event-Driven): Activity Factor ~ 0.01-0.1 (Only computes on spikes).
The Catch: Static Power (P

® static

e )/Leakage.
o At 28nm (Akida/Loihi 1): Leakage is significant. Below ~10% activity, static
power dominates — SOPS/W collapses.
o Atlintel 4 /3nm (Loihi 2 / Next Gen): Leakage controlled. Sparsity gains
realized.

3.3 The Software Chasm (The Real Blocker)



Layer GPU Ecosystem Neuromorphic Gap
Ecosystem
Frameworks PyTorch, TensorFlow, | Lava (Intel), Akida High
JAX (Mature, SDK, Sinabs, Norse
AutoDiff) (Nascent, Manual
Surrogate Gradients)
Quantization PTQ / QAT to Spike Encoding Fundamental

INT8/FP8 (Standard)

(Rate / Temporal /
Population) + Weight
Quantization

Paradigm Shift

Compilation TensorRT, XLA, TVM | Custom Graph Immature
(Graph Optimization) | Mappers(Spatial/Te
mporal mapping to
Neuron Cores)
Model Zoo Hugging Face (500k+ | < 500 validated SNN | Massive

models)

Critical Path: Training SNNs at Scale.
e Surrogate Gradient Descent (SGD) works for small nets.

e Backprop-through-time (BPTT) on Spikes = Memory explosion (O(TxN)).

models (Mostly
MNIST/CIFAR/DVS
Gesture)

e Breakthrough Needed: Efficient "Continuous-Time" training or Hybrid ANN-SNN
Distillation (Train Dense ANN — Convert to SNN — Fine-tune). This is the 2027-2028
milestone.

3.4 Realistic Roadmap for "20W Edge Inference"

Year Workload Hardware Power Notes

2026 (Now) Keyword Akida, Speck, 50mW - Production
Spotting, Loihi 2 (Single 500mwW Ready Today.
Vibration Chip)
Anomaly,
Simple CV (DVS)




2027-2028

2029-2030

2030+

Multi-Modal
Sensor Fusion
(Camera + Audio
+ IMU)

LLM Edge
(Small
Language
Models < 1B
params)

Full "20W
Brain" Parity
(Visual Cortex +
Language)

Loihi 3 (Cluster),
Akida 2.0
(Multi-Chip)

Neuromorphic
+ Analog
In-Memory
Compute
(AIMC)

Heterogeneous
: Neuromorphic
+ AIMC +
RISC-V

1W - 5W

10W - 30W

< 20W

Requires Hybrid
ANN-SNN
Toolchains.

Target
Zone.Requires
AIMC crossbar
maturity.

The "Holy
Grail".

Verdict: 95% grid reduction is achievable for specific edge workloads (Sensor Fusion,
KWS, Anomaly) today. For Generative Al / LLMs at Edge? Not before 2029. The "20W
Brain" is a systems integration challenge, not a single chip spec.

PILLAR 4: ZKP TELEMETRY (ZERO-KNOWLEDGE PROOF
AUDITING) — DEEP DIVE

4.1 The Cryptographic Primitive

Goal: Prove f(Private Data)=Public Output without revealing Private Data.

Private Data: Real-time Power (kW), Water (L/min), PUE, Fluid Temps, Hash of Model

Weights.

Public Output: "PUE < 1.05 v ", "Water Use = 0 L/kWh v ", "Model Hash = H

approved

"

Circuit: Arithmetic constraints (R1CS / Plonkish) representing physics equations +
policy thresholds.

4.2 Performance Reality Check (2026 Hardware)

Proving
System

Proof Size

(1M

Prover Time

Constraints)

Verifier Time | Hardware

Suitability

Acceleration



Groth16
(Pairing)

Plonk /
Halo2
(Universal)

STARKSs
(RISC Zero /
SP1)

Nova/IVC
(Incremental

)

4.3 The "Telemetry Circuit" Complexity

~200 bytes

~1-2 KB

~100-500 KB

~1 KB

~2-5 sec
(CPU)

~10-30 sec
(CPU)

~1-5 min
(CPU)

~1-2
sec/step

Constraints per 15-min Reporting Epoch:

1. Physics Checks: PUE=

P

T

Total

9. ; WUE=

10. Energy
11. Water

13. (Range proofs: ~5,000 constraints).
14. Sensor Integrity: Merkle Tree inclusion proofs for 100+ sensor feeds (Merkle: ~10,000
constraints).
15. Model Integrity: SHA256 (Weights) == H committed (~25,000 constraints).
16. Range/Logic: Temp In < Temp Out, Flow > 0 (~1,000 constraints).
e Total Circuit Size: ~40,000 - 60,000 Constraints.
e Prover Time (GPU Accelerated - e.g., NVIDIA A100 / ICICLE):~200-500 ms.
e Verifier Time (Smart Contract / Light Client): ~5-10 ms.

~5ms

~10-20 ms

~50-100 ms

~10 ms

GPU
(ICICLE),
FPGA, ASIC

GPU
(Metal/Bosen
), ASIC

GPU/FPGA
Critical

Recursive
(Folding)

(74 Best for
Fixed
Circuits
(Telemetry)

[ Flexible,
Recursive
Aggregation

I\ Heavy.
Good for
"Prove VM
Execution"

(4 Ideal for
Continuous
Streams



Feasibility: Technically trivial for modern ZK stacks (RISC Zero, SP1, Halo2). The cost
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