
The Green Code Audit — Explained 
Simply (and Then Deeply) 

 

🧸 First, the "Explain It Like I'm 5" Version 
The Big Idea 
Imagine you have a pet dragon (that's the AI computer). The dragon is very smart and helpful, 
but it drinks a LOT of water and breathes a LOT of hot air. The town is running out of water, 
and everyone is getting too hot. 
The Green Code says: "Make the dragon drink less water, share its hot breath to warm 
people's houses, shrink the dragon so it eats less food, and prove to the town it's being good — 
without showing everyone the dragon's secret instruction book." 
Here's how each plan goes: 

 
Pillar 1: Stop Drinking the Town's Water 🚰 
The dragon used to drink from the town's water supply. Lots and lots of water — like filling a 
bathtub every few minutes. The town is running low. 
The fix: Put the dragon in a special bathtub filled with special oil instead of water. The oil 
doesn't evaporate (disappear into the air), so you never have to refill it. The dragon stays cool, 
and the town keeps its water. 
Does it work? ✅ YES. Companies are already doing this. The oil bathtub costs more money at 
first, but it pays for itself in 3–6 years because you stop buying water and water-treatment 
chemicals. It only works for new buildings, though — you can't easily retrofit an old building. 
Kid translation: Instead of drinking from the town fountain, the dragon sits in a special oil pool 
that never runs out. It costs more to buy the pool, but it saves money later. 

 
Pillar 2: Share the Dragon's Hot Breath 🌡️ 
The dragon breathes out hot air. Right now, we just blow it outside — wasted! What if we 
could pipe that hot air to warm people's houses or greenhouses where tomatoes grow? 
Does it work? ✅ YES, but only if the houses are close by. If the dragon lives right next to a 
neighborhood that needs heating, you can pipe the heat over and everyone wins. The dragon's 
"waste" becomes a product people pay for. 
But there are problems: 

●​ If the houses are more than ~2 miles away, the pipes cost too much money 
●​ People need heat in winter but not summer — and the dragon breathes hot air all year 

round 
●​ You need a backup customer in summer (like a greenhouse or swimming pool) 

Kid translation: The dragon's hot breath can warm houses, but only if the houses are close. In 
summer, nobody wants the heat, so you need to find someone who does — like a greenhouse 
that grows tomatoes all year. 

 
Pillar 3: Make the Dragon Tiny and Efficient 🧠 



The dragon is too big. It eats too much electricity. What if we could shrink it down to the size of 
a hamster that runs on almost no energy — just like your brain uses less energy than a lightbulb 
but can do math, tell stories, and recognize faces? 
Does it work? ❌ NOT YET for the "brain-like" computer. ✅ YES for other methods. 
Here's the problem: The "brain-like computer" (neuromorphic chip) exists, but it can only do 
very simple, specific tasks — like noticing when a sound happens or a camera sees 
movement. It cannot do the smart things the big dragon does (like writing essays, answering 
questions, or understanding language). That technology is like a baby learning to crawl — 
amazing potential, but not ready to run a marathon. 
The good news: There's a different way to make the dragon smaller that works RIGHT NOW: 

●​ Take a big smart dragon, study what it knows 
●​ Teach a much smaller dragon the most important stuff (but skip the unimportant stuff) 
●​ Compress the small dragon's brain so it fits on a tiny chip 

This smaller dragon uses 95% less energy and can already run on small, cheap devices like 
phones and tablets. 
Kid translation: We can't make a brain-computer dragon yet — it's too simple, like a baby. But 
we CAN take the big dragon's knowledge, shrink it down, and put it on a tiny chip. That works 
today. 

 
Pillar 4: Prove the Dragon Is Being Good (Without Showing Its Secrets) 🔐 
The town wants proof the dragon isn't drinking too much water or using too much 
electricity. But the dragon has a secret instruction book (its training data and algorithms) that 
the company doesn't want anyone to see. 
The fix: Use a special kind of math called a "Zero-Knowledge Proof." It lets the dragon say: "I 
promise my water use was under 95,000 gallons today" — and the town can verify that's true 
without seeing any of the dragon's secrets. 
Does it work? ⚠️ YES, but it's overkill for most towns. 
The math works perfectly. The problem is: 

●​ You need special tamper-proof water meters (if someone cheats and bypasses the 
meter, the proof is worthless) 

●​ It costs 110,000–280,000 to set up 
●​ Most towns are happy with a simpler approach: "Just install a regular water meter and 

send us the number every month." That costs 30,000–80,000 and works fine. 
ZKP only makes sense when the dragon's owner has government secrets or classified 
workloads where even revealing how much water they use could be a security problem. 
Kid translation: The dragon can prove it's being good without showing its secret book. But 
most towns are happy if the dragon just says "here's my water bill" the normal way. The fancy 
proof is only needed for dragons that work for spies. 

 

Scorecard (Kid Version) 
Pillar Works? When to Use It 



🚰 Oil bathtub instead of 
water 

✅ YES New buildings in dry areas 

🌡️ Share hot breath with 
neighbors 

✅ YES Only if neighbors are nearby 

🧠 Brain-computer dragon ❌ NOT YET Use smaller/shrunken 
dragons instead 

🔐 Fancy secret-proof of 
good behavior 

⚠️ OVERKILL Only for spy dragons 

 

🔬 Now, the Deep Dive: All Four Pillars 
 

Pillar 1: Zero-Liquid Discharge (ZLD) & Waterless 
Compute 
The Physics of Data Center Cooling 
Every watt of electricity that enters a server becomes heat. A 1MW data center produces ~1MW 
of heat that must be removed. The question is how you remove it and what resource that 
process consumes. 
Evaporative Cooling (Current Standard) 
Hot server air → Air handler → Cooling coil → Water evaporates to 
reject heat → Water vapor lost to atmosphere 
The thermodynamic principle: Evaporating water absorbs ~2,260 kJ/kg of latent heat. This is 
extremely efficient at moving heat — but it consumeswater irreversibly. The water leaves as 
vapor and doesn't come back to the facility. 
Water consumption breakdown: 

Facility Size IT Load Approx. Water 
Consumption 

Small edge (100kW) 100 kW ~200 liters/hour 

Mid-size (10MW) 10 MW ~20,000 liters/hour 

Hyperscale (100MW) 100 MW ~200,000 liters/hour 

A 100MW hyperscale facility in Phoenix, AZ consumes the daily water needs of ~50,000 
households. In a water-stressed region, this is a direct conflict with municipal supply. 
Immersion Cooling (Proposed Alternative) 
Servers submerged in dielectric fluid → Fluid absorbs heat directly → 
Fluid pumped to heat exchanger → Heat rejected to secondary loop 
(closed) → No evaporation, no water loss 



The thermodynamic advantage: 
●​ Direct contact with heat source (no air gap — air is a terrible thermal conductor, ~0.026 

W/m·K vs. dielectric fluid at ~0.15 W/m·K) 
●​ Higher fluid temperatures possible (95–131°F vs. 55–70°F for air) 
●​ PUE drops from 1.4–1.6 to 1.03–1.08 — meaning almost all energy goes to compute, 

not to cooling overhead 
But here's what the deep dive reveals that the surface analysis doesn't: 
Hidden Engineering Challenges 

1.​ Fluid degradation over time. Dielectric fluids oxidize, pick up particulates, and 
experience viscosity changes at elevated temperatures. Thermal cycling (server load 
changes) accelerates degradation. Fluid must be filtered and eventually replaced. 
Lifecycle: 5–7 years at typical loads, but as low as 3 years at high-density 
(>150kW/rack) deployments. 

2.​ Maintenance access penalty. When a submerged server fails (and servers fail at 
~2–4% annual rate), a technician must: 

○​ Lift the server out of fluid (weight: a 2U server in fluid weighs 15–25 kg) 
○​ Drain residual fluid (~2–5 minutes per server) 
○​ Perform diagnosis and repair 
○​ Re-submerge 

3.​ This adds 15–25 minutes per maintenance event compared to air-cooled racks. At 
hyperscale (100,000+ servers), this is significant labor cost. 

4.​ Thermal stratification in tanks. Hot fluid rises. In large immersion tanks (200+ 
servers), if flow rate is insufficient, the top of the tank runs significantly hotter than the 
bottom. Servers at the top experience higher junction temperatures, reducing lifespan. 
Computational fluid dynamics (CFD) modeling is required for each tank design. 

5.​ Cable management transformation. Standard copper Ethernet cables (Cat6/6a) are 
rated for air environments. In dielectric fluid, cable jackets can swell, leach plasticizers, 
or degrade. Specialized PTFE or FEP-jacketed cables are required, adding 3–5x 
cable cost. 

6.​ Fire suppression changes. Standard FM-200 or Novec fire suppression systems aren't 
designed for oil-filled environments. If a dielectric fluid tank ignites (rare but possible — 
flash point is typically 130–150°C), standard suppression won't work. Specialized foam 
or nitrogen displacement systems are needed. 

Economics: Full Lifecycle 

Cost Category Evaporative (10MW, 
10yr) 

Immersion (10MW, 
10yr) 

Delta 

Initial CapEx (facility 
+ servers) 

$150M $175M +$25M 

Water purchasing 
(10yr, $4/1000gal) 

$2.9M $0 -$2.9M 



Water treatment 
chemicals (10yr) 

$1.2M $0 -$1.2M 

Cooling electricity 
(10yr) 

$8.7M $3.5M -$5.2M 

Fluid replacement 
(year 5 + year 10) 

$0 $0.8M +$0.8M 

Specialized cable 
replacement 

$0 $0.3M +$0.3M 

Maintenance labor 
premium 

$0 $1.5M +$1.5M 

10yr TCO $163.8M $181.1M +$17.3M 

10yr TCO 
(water-stressed 
region, 3x water 
cost) 

$167.6M $181.1M +$13.5M 

10yr TCO (with 
carbon tax $50/ton 
on cooling 
electricity) 

$172.5M $181.1M +$8.6M 

10yr TCO 
(water-stressed + 
carbon tax + 
drought shutdown 
risk) 

$175M+ $181.1M +$6M 

The deeper analysis reveals: In a standard deployment, immersion cooling is more 
expensive over 10 years when you include all hidden costs (fluid, cables, labor). It only 
becomes economically rational when you factor in: 

●​ Water scarcity pricing (>$8/1000 gal) 
●​ Carbon taxation on cooling electricity 
●​ Risk of drought-mandated shutdowns (regulatory risk) 
●​ Rack density requirements (>50kW/rack — air cooling becomes impractical above 

30kW/rack) 
Revised Verdict: ✅ Deploy in new hyperscale builds where any two of the following are true: 
water-stressed region, carbon-tax jurisdiction, high-density deployment (>50kW/rack), or 
drought shutdown risk. Otherwise, advanced evaporative with recycled/reclaimed water is more 
cost-effective. 

 



Pillar 2: Thermal Symbiosis (Waste Heat Export) 
The Exergy Problem 
Not all heat is equal. Exergy (available energy) is a function of temperature differential against 
the environment. Low-grade heat (90°F) has low exergy. High-grade heat (200°F) has high 
exergy. 
Exergy = Q × (1 - T_cold / T_hot) 

Where Q is heat energy, T 
cold 

​ 

 is ambient temperature (Kelvin), and T 
hot 

​ 

 is waste heat temperature. 
This means: 

Waste Heat Temp Exergy Efficiency Useful Applications 

90°F (32°C) ~7% Pre-heating ventilation air, 
swimming pool heating 

120°F (49°C) ~14% Low-temp district heating 
(modern systems), 
greenhouse heating 

150°F (66°C) ~21% Standard district heating, 
industrial pre-heat, absorption 
chilling 

180°F+ (82°C+) ~27%+ High-temp industrial 
processes, steam generation 

The deeper truth: Even at 120°F, only ~14% of the thermal energy is "useful" exergy. The rest 
is entropic waste. This doesn't mean heat export is pointless — it means the value of exported 
heat is lower than the raw kilowatt-hours suggest. 
The Load Factor Problem (Quantified) 

Month Data Center Heat 
Output (MWh) 

District Heating 
Demand (MWh) 

Match? 

January 7,200 (100%) 6,500 ✅ 90% sold 

February 7,200 5,800 ✅ 81% sold 

March 7,200 4,200 ⚠️ 58% sold 

April 7,200 2,800 ❌ 39% sold 

May 7,200 1,200 ❌ 17% sold 



June 7,200 600 ❌ 8% sold 

July 7,200 500 ❌ 7% sold 

August 7,200 600 ❌ 8% sold 

September 7,200 1,400 ❌ 19% sold 

October 7,200 3,200 ⚠️ 44% sold 

November 7,200 5,000 ✅ 69% sold 

December 7,200 6,800 ✅ 94% sold 

Annual 86,400 38,600 45% average 

A 100MW data center exports 86,400 MWh of heat annually, but only ~45% finds a buyer 
unless you have a year-round customer (greenhouse, industrial process, absorption chiller for 
summer cooling). 
Absorption Chilling: The Summer Solution 
One solution to the summer demand collapse: absorption chillers that convert waste heat into 
cooling. This is thermodynamically real but has a catch: 
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For typical data center heat at 120°F (322K) producing chilled water at 45°F (280K) in 90°F 
(305K) ambient: 

COP≈0.65 

This means for every 1 MW of waste heat, you get ~0.65 MW of cooling. It works, but it's 
inefficient — and absorption chillers cost 400–800 per kW of cooling capacity. 
The Real Economics (Deep Dive) 

Revenue/Cost Annual (10MW DC) 

Heat revenue (winter district heating, 45% 
utilization) 

$1.17M 

Absorption chiller revenue (summer cooling, 
25% utilization) 

$0.35M 

Greenhouse lease revenue (if co-located) $0.20M 

Total revenue $1.72M/year 

  

Heat pump electricity (boost to 140°F) -$0.12M 

Maintenance (pumps, exchangers, controls) -$0.08M 

Absorption chiller maintenance -$0.05M 

Net revenue $1.47M/year 

  



CapEx (interconnection + heat pump + chiller 
+ piping) 

2.2M–3.5M 

Payback period 1.5–2.4 years 

The deeper analysis confirms: Thermal symbiosis is highly profitable when co-located with 
demand and combined with absorption chilling to address seasonal mismatch. But it requires: 

●​ A winter heat customer within 2km 
●​ A summer cooling customer OR absorption chiller deployment 
●​ Direct-to-chip liquid cooling (not immersion or air) to achieve sufficient outlet 

temperatures 
Revised Verdict: ✅ Deploy at new builds where district heating or industrial demand exists 
within 2km. Mandate feasibility study for all new builds >10MW. Incorporate absorption chilling 
for summer utilization. 

 

Pillar 3: The 20W Brain Benchmark (Deep Dive on 
Neuromorphic vs. Alternatives) 
Why Neuromorphic Computing Can't Run Language Models (Yet) 
To understand why, you need to understand what a Spiking Neural Network is and what it isn't. 
How a Standard Transformer Works (Simplified) 
Input text → Tokenize → Dense matrix multiplication (attention) → 
Dense matrix multiplication (FFN) → Output 
Every token requires: 

●​ Millions of multiply-accumulate (MAC) operations 
●​ Dense matrix operations (every neuron connected to every other) 
●​ Continuous power (the GPU is always computing, even if the output is trivial) 

Energy cost: ~0.5–2 joules per token generated on an H100. 
How a Spiking Neural Network Works 
Input event → Sparse neuron fires (only if threshold reached) → Spike 
propagates to connected neurons → Most neurons DON'T fire → Only 
active neurons consume energy 
Energy cost: ~0.001–0.01 joules per "event" on a Loihi 2 chip. 
The fundamental mismatch: 
Language models require dense, continuous matrix multiplication. Every token depends on 
attention scores computed across all previous tokens(the context window). This is inherently 
dense — you can't "spike" your way through a matrix multiplication because every element 
participates. 
SNNs excel at: 

●​ Temporal pattern recognition (e.g., "did this audio waveform contain the word 'hey 
Siri'?") 

●​ Spatial filtering (e.g., "which pixels in this camera frame changed?") 
●​ Always-on event detection (e.g., "did the accelerometer register a fall?") 

These tasks are sparse — most of the input is irrelevant most of the time, so most neurons 
don't fire, and energy is saved. 



Language is not sparse in this way. Every word in a sentence contributes to meaning. 
Attention is inherently dense. There is no known method to convert transformer attention into 
sparse spiking without catastrophic quality loss. 
The "Okonkwo-Nakamura Transform" — Verification Attempt 
I searched for this term in: 

●​ arXiv (cs.NE, cs.AI, cs.LG) 
●​ IEEE Xplore 
●​ ACM Digital Library 
●​ Google Scholar 
●​ Neuromorphic computing survey papers (Roy et al. 2019; Eshraghian et al. 2021; 

Gerstner et al. 2014) 
Result: No publication exists by this name. It does not appear in any peer-reviewed venue, 
preprint server, or institutional repository. I cannot verify that this transform exists as a 
published, peer-reviewed method. 
This does not mean the idea of converting dense computation to sparse spiking is impossible — 
it is an active research area. But no validated, published method exists today that achieves 
transformer-equivalent performance on neuromorphic hardware. 
What Actually Works: The Proven Efficiency Stack 
Here's the real roadmap to 95% energy reduction, with published evidence: 

Technique Energy Reduction Quality Loss Reference 

INT4 quantization 75–87% <2% perplexity Frantar et al., 2022 
(GPTQ) 

Structured pruning 50–70% 1–3% perplexity Sanh et al., 2020 
(Movement Pruning) 

Knowledge distillation 
(8B → 1B) 

85–95% 3–8% perplexity Team et al., 2024 
(various) 

Mixture of Experts 
(active 2/8) 

60–75% per token <1% perplexity Jiang et al., 2024 
(Mixtral) 

Speculative decoding 30–50% (wall-clock) 0% (same output) Leviathan et al., 2023 

KV-cache 
quantization 

40–60% (memory) <1% perplexity Liu et al., 2024 

Combined stack (INT4 + pruning + distillation + MoE): 
A 7B-parameter model distilled to 1B, quantized to INT4, with 4-expert MoE (2 active), on an 
edge ASIC: 

Metric Value 

Parameters 1B (effective 500M active) 

Memory ~250 MB (INT4) 



Inference power 5–12W 

Throughput 15–40 tokens/second 

Quality (vs. 7B FP16) ~92–95% retained 

Energy per token ~0.3–0.8 joules 

This achieves the 95% reduction goal using proven, deployed technology — no 
neuromorphic hardware required. 
When Neuromorphic DOES Make Sense 

Use Case Neuromorphic Advantage Deployment Ready? 

Always-on keyword detection 100x less power than GPU ✅ Yes (Akida, Loihi 2) 

Real-time sensor fusion (IoT) 50–100x less power ✅ Yes 

Spatiotemporal pattern 
recognition (video anomaly 
detection) 

20–50x less power ⚠️ Pilot stage 

Continuous environmental 
monitoring 

50–100x less power ✅ Yes 

General-purpose language 
reasoning 

Not possible on current 
SNN hardware 

❌ No 

Revised Verdict: ❌ The 20W neuromorphic mandate is not viable for language/general AI 
workloads. Rewrite as: 

●​ Language/reasoning inference: Mandate INT4 quantization + distillation + MoE on 
edge ASICs (<15W/stream) 

●​ Sensor/event-driven workloads: Mandate neuromorphic evaluation for always-on edge 
sensing (<1W/node) 

●​ Neuromorphic R&D: Fund as a research pilot, not an infrastructure mandate 
 

Pillar 4: ZKP Telemetry (Deep Dive) 
What Zero-Knowledge Proofs Actually Do (Technically) 
A ZKP allows a "prover" (the data center) to convince a "verifier" (the municipality) that a 
statement is true without revealing any additional information. 
Concrete example: 

●​ Statement: "My facility's water consumption today was below 95,000 gallons" 
●​ The data center generates a cryptographic proof π using its internal meter data 
●​ The municipality runs Verify(statement, $\pi$) → returns trueor false 
●​ The municipality learns ONLY that the statement is true; they do not learn the exact 

consumption figure 



The math (simplified): Using zk-SNARKs, the proof size is ~200 bytes regardless of the 
complexity of the computation being proven. Verification takes ~10ms. 
The Real Challenge: The Attestation Chain 
A ZKP is only as trustworthy as the data feeding it. The full chain: 
Physical water flow → Flow meter sensor →  
  [Is sensor calibrated? Is it tamper-proof?] →  
Sensor reading → Secure Enclave (TEE) →  
  [Is the enclave trusted? Is the signing key protected?] →  
ZKP circuit →  
  [Is the circuit correct? Has it been audited?] →  
ZKP proof →  
Municipal verification →  
  [Is the verification tool accessible? Is it trusted?] 
Every bracketed step is a potential attack surface. 
Attack vectors: 

Attack Description Mitigation 

Meter bypass Physically route water around 
the flow meter 

Tamper-evident piping, 
sealed meter installations, 
physical audits 

Meter calibration drift Deliberately mis-calibrate the 
meter to underreport 

Annual third-party calibration, 
redundant sensors 

TEE compromise Extract signing key from the 
secure enclave 

Hardware attestation (TPM 
2.0, Intel SGX attestation) 

Circuit fraud Use a ZKP circuit that doesn't 
actually check the threshold 

Open-source, audited 
circuits; third-party verification 

Verification tool manipulation Municipality's verification tool 
is compromised 

Standardized open-source 
verification; multiple 
independent verifiers 

The honest assessment: The cryptography is the strongest link in the chain. The physical 
sensor layer is the weakest. A ZKP proves the data center is reporting accurately given its 
sensor data — but if the sensor data is wrong, the proof is mathematically valid but factually 
wrong. 
Comparison: ZKP vs. Simple Reporting 

Criterion Direct Metering + Reporting ZKP Telemetry 

CapEx 30K–80K 110K–280K 

OpEx (annual) 5K–15K 20K–40K 



Accuracy of verification Dependent on audit quality Cryptographically guaranteed 
(given honest sensors) 

Privacy for data center None — raw data shared High — only threshold 
compliance revealed 

Trust model "Trust but verify" (audits) "Verify without trusting" 
(crypto) 

Complexity Low High (requires ZKP expertise) 

Regulatory familiarity High (standard practice) Low (novel, no regulatory 
precedent) 

Time to deploy 2–4 months 8–18 months 

When ZKP Actually Earns Its Cost 
ZKP telemetry becomes economically rational only when the cost of direct data exposure 
exceeds the ZKP premium: 

Scenario Direct Exposure 
Cost 

ZKP Premium ZKP Worth It? 

Standard commercial 
DC 

~$0 (no sensitivity) 100K–200K ❌ No 

DC with classified 
gov workloads 

High (security 
clearance risk) 

100K–200K ✅ Yes 

DC in competitive 
market (workload 
patterns reveal client 
identity) 

Medium (competitive 
intelligence) 

100K–200K ⚠️ Maybe 

Multi-tenant DC 
where tenants don't 
want landlord seeing 
usage 

Medium (privacy 
concern) 

100K–200K ⚠️ Maybe 

Revised Verdict: ⚠️ ZKP telemetry is technically sound but economically over-engineered 
for most municipal compliance scenarios. Deploy only where: 

1.​ The data center handles classified/sensitive workloads where consumption patterns are 
themselves sensitive 

2.​ Multiple competing facilities share a constrained resource and require mutual 
non-disclosure 

3.​ Regulatory frameworks evolve to require cryptographic attestation (not yet the case in 
any jurisdiction) 



For standard compliance: networked flow meters + direct reporting + annual third-party 
audit remains the optimal cost/verification balance. 

 

Final Deep-Dive Summary 
Pillar Surface Verdict Deep-Dive Verdict Key Revision 

1. ZLD / Immersion ✅ Deploy now ✅ Deploy when 2+ 
risk factors present 

Add fluid lifecycle, 
cable, and labor 
costs to ROI model 

2. Thermal 
Symbiosis 

✅ Deploy 
conditionally 

✅ Deploy with 
absorption chiller for 
summer 

Require 2km 
co-location + 
year-round customer 
portfolio 

3. 20W 
Neuromorphic 

❌ Rewrite needed ❌ Split into two 
directives 

Language → 
quantization/distillatio
n; Sensors → 
neuromorphic 

4. ZKP Telemetry ⚠️ Overkill ⚠️ Overkill for 95% 
of cases 

Reserve for 
classified/sensitive 
workloads only 

The framework, corrected for engineering reality, represents a viable infrastructure 
strategy. Two pillars deploy immediately. One requires splitting into two separate directives. 
One should be downgraded to optional. The core insight — that data centers must transition 
from extractive to symbiotic infrastructure — is sound and supported by real engineering, real 
economics, and emerging regulation. 
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