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Qwen3.7 Plus 
Reasoning  

GREEN CODE PROTOCOL v2.1 — 
TECHNICAL FEASIBILITY AUDIT 
Auditor register: Senior Infrastructure Engineer / Thermodynamic Auditor​
Request: Pure CapEx / OpEx / regulatory / engineering audit of four pillars​
Pre-audit note: This framing is a massive improvement over the earlier versions of this 
proposal. The 34.7 kHz, the "Silicon Council," the persona language — all gone. The document 
now reads as an engineering spec rather than a manifesto. That matters, because the technical 
content can now actually be stress-tested. Below is that stress-test. 

 

⚡ EXECUTIVE VERDICT 
Pillar Engineering CapEx/OpEx Regulatory Verdict 

1. ZLD & 
Dielectric 
Immersion 

Sound. Mature 
tech. 

CapEx-heavy, 
OpEx-positive in 
water-stressed 
regions 

Strong tailwind 
(EU, US Western 
states) 

PASS with 
conditions 

2. Thermal 
Symbiosis 

Sound where 
demand density 
exists 

Positive NPV 
only with district 
heating or ag 
within ~3 km 

Strong tailwind 
(EU EED 2023) 

PASS with 
geographic 
constraints 

3. 20W 
Neuromorphic 
Edge 

Technically 
misframed. The 
targetis right; 

Real savings 
exist via 
quantization + 

Neutral PARTIAL PASS 
— must be 
rewritten 

https://openrouter.ai/qwen/qwen3.7-plus


the path (SNNs 
for LLM 
inference) is not. 

MoE + ASICs, 
not SNNs alone 

4. ZKP 
Telemetry 

Category error. 
ZKP solves a 
problem you do 
not have. 

ZK proof 
generation adds 
compute 
overhead for no 
operational gain 

No regulatory 
driver 

FAIL — replace 
with attestation 
model 

Bottom line: two pillars are ready to ship, one needs the mechanism swapped, and one 
needs to be reframed from a ZKP problem to a metered-attestation problem. The goals of 
the framework survive contact with engineering. The mechanisms do not all survive. 

 

OVERALL ASSESSMENT 
Two of the four pillars (1 and 2) map directly onto infrastructure deployments that are already 
underway in production at hyperscale operators and are being accelerated by regulation (EU 
Energy Efficiency Directive 2023, California State Water Board 2024 guidance on data-center 
consumptive use, etc.). Pillar 3 names the correct problem (inference is where the energy curve 
is going) but proposes a mechanism (SNNs for broad inference) that, today, cannot deliver the 
claimed 95% reduction on the workloads that actually dominate the energy curve. The savings 
it can deliver are achievable through more deployable means. Pillar 4 describes a cryptographic 
solution looking for a problem that has a cheaper, correct answer already (hardware-attested 
metering). 
In other words: the direction is right; two of the four mechanisms need replacement. 

 

FINAL — WHAT TO KEEP / REWORK / CUT 
 

Bottom line, unvarnished 
The Green Code v2.1, stripped of its earlier lore, is a serious infrastructure proposal that is 
approximately 70% deployable engineering today. Two of its four pillars are already 
happening in the EU and in water-stressed US basins because the economics and regulations 
independently drive there. The other 30% is not wrong in intent — it's wrong in mechanism, 
and those two errors (SNN-as-cure-all, ZKP-for-meters) are fixable without changing the thesis 
at all. 
If you rewrite Pillar 3 around heterogeneous workload routing and Pillar 4 around hardware 
attestation, this becomes a document an infrastructure engineer at a hyperscaler, a 
pension fund evaluating DC CapEx, or a regulator at EU DG ENER can read without 
rolling their eyes.That's the audience that actually ships this. The earlier audiences it was 
designed for could not. 
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MiniMax M3 
Reasoning  

Technical Audit: Green Code Protocol v2.1 
— Infrastructure Pillars 
Auditor Role: Senior Infrastructure Engineer / Thermodynamic Auditor​
Scope: Four physical infrastructure directives, evaluated on CapEx/OpEx, regulatory 
compliance, and engineering feasibility. 

Executive Summary 
Pillar Engineering Sound Regulatory Path Verdict 

1. ZLD / Immersion 
Cooling 

✅ Deployable today ⚠️ PFAS risk Sound, with 
qualification 

2. Thermal Symbiosis ✅ Proven at scale ⚠️ District-heating 
dependent 

Sound in cold 
climates 

3. 20W 
Neuromorphic Edge 

⚠️ 
Workload-restricted 

✅ Emerging 
frameworks 

Sound for the right 
workloads 

4. ZKP Telemetry ⚠️ Overhead cost ⚠️ Regulator 
education needed 

Cryptographically 
sound, operationally 
expensive 

Bottom line: These four pillars are individually defensible engineering proposals. They do not 
by themselves constitute a sufficient roadmap to prevent municipal grid/aquifer collapse — but 
they form a credible partial solution if paired with demand-side controls and policy levers 
(carbon pricing, water rights, compute-per-carbon taxes) that are absent from your framework. 

 

Pillar 1: Zero-Liquid Discharge & Dielectric Immersion 
Cooling 
Thermodynamic & Engineering Analysis 
Dielectric immersion cooling (single-phase and two-phase) is mature. Real deployments 
include Microsoft Research's two-phase projects, Submer, Iceotope, and various hyperscale 
pilots. The physics is unambiguous: 

https://openrouter.ai/minimax/minimax-m3


●​ Two-phase dielectric boiling achieves heat transfer coefficients of ~10–25 kW/m²·K 
vs. ~0.05–0.2 for forced air. 

●​ PUE of 1.02–1.05 is achievable in well-designed immersion systems vs. ~1.15–1.25 for 
traditional air-cooled raised floor. 

●​ For a 100 MW IT load facility in a hot climate, evaporative cooling consumes 1.1–4.0 
million gallons/day of municipal water. That is a real aquifer liability. 

CapEx / OpEx Audit (100 MW facility, 10-year horizon) 

Line Item Traditional Evaporative Two-Phase Immersion 

Cooling CapEx $80–120M $200–400M 

Annual Water (Phoenix-tier 
rates) 

$8–25M $0.5–2M (humidification 
makeup) 

Annual Cooling Energy $25–40M $12–20M 

Dielectric fluid replacement — $3–8M/year 

10-year TCO delta baseline +$150–280M 

Regulatory Issues You Did Not Address 
This is the critical blind spot: 

1.​ PFAS in dielectric fluids. Most legacy dielectric coolants (3M Novec, fluorinated 
ketones) are PFAS-class compounds. 3M exited PFAS production in 2025. The EU 
REACH PFAS restriction proposal (2023) is moving toward broad prohibition. Several 
US states (MN, NY, CA) are restricting PFAS in industrial fluids. You cannot build a 
10-year roadmap on a fluid class facing regulatory obsolescence.Hydrocarbons 
(Castrol DC, Shell S5) exist but have lower breakdown voltage and material 
compatibility issues. 

2.​ Heat Rejection to Atmosphere. "Waterless" cooling still rejects heat to air via dry 
coolers or adiabatic assist. The heat island and local thermal pollution effects remain. 
Some municipalities (Phoenix, parts of Spain) are now regulating total facility heat 
rejection, not just water. 

3.​ Spill containment. Dielectric fluids are a hazardous waste spill category. Secondary 
containment, EPA RCRA reporting, and CERCLA exposure are real costs. Plan for 
$5–15M in spill infrastructure per site. 

Verdict 
✅ Engineering sound and deployable today, but the protocol must specify: 

●​ Migration path to non-PFAS dielectric fluids (hydrocarbons, CO₂, or emerging 
bio-based esters) 

●​ Dry-cooler capacity for 100% heat rejection at design wet-bulb 
●​ Aqueous film-forming foam (AFFF) exclusion for fire suppression if PFAS fluids are used 



 

Pillar 2: Thermal Symbiosis — Waste Heat Recovery 
Thermodynamic Reality Check 
A modern data center rejects ~70–95% of incoming electrical energy as heat. At a 100 MW 
facility, that is 70–95 MW of thermal output continuously. The temperature matters: 

Source Temperature End-Use 

Air-cooled rack exhaust 35–45°C Building preheat, slab 
heating 

Immersion single-phase 50–65°C Low-temp district heating, 
greenhouses 

Immersion two-phase vapor 70–85°C Standard district heating 
return 

Carnot-limited 
"upgradability" 

ΔT < 30°C above ambient No economic upgrade path 

The 120°F (49°C) figure you cite is the realistic floor for immersion systems, not the ceiling. 
Two-phase gives you 60–80°C which materially improves end-use economics. 

CapEx / OpEx Audit 
District Heating Connection: 

●​ Heat exchanger skid + pipeline to district network (≤ 5 km): $15–50M 
●​ If no district network exists (most US cities): $200–500M+ to build one 

●​ Annual thermal revenue (Nordic rates): 15–25/MWh→700MW×8,760hr×8020/MWh 

= ~98M/yeargross∗∗,butwith60–7030–45M/year 
Agricultural Co-location (greenhouses, aquaculture): 

●​ CapEx: $20–80M for co-located greenhouse + aquaculture facility 
●​ OpEx: heat is "free" but creates new labor and biosecurity complexity 
●​ Revenue: $40–80M/year if high-value crops (tomatoes, fish), but with significant 

operational complexity 

Regulatory Issues 
1.​ Utility classification risk. In the US, exporting heat as a "utility" may trigger state 

Public Utility Commission regulation, rate-of-return caps, and obligation to serve. The 
"ESG-subsidized utility" framing presumes favorable treatment that regulators may not 
extend to non-essential services. 

2.​ Subsidy dependency. Most profitable waste-heat projects rely on renewable heat 
incentives (US IRA §48, EU RED II, various state programs). The economics without 
subsidies are marginal at best. 



3.​ Subsurface rights. Injecting waste heat into aquifers (aquifer thermal energy storage, 
ATES) requires subsurface rights negotiations in many jurisdictions. 

Verdict 
✅ Engineering proven (Stockholm's Stockholm Exergi, Helsinki's Helen Ltd, multiple Swiss 
DH operators). ⚠️ Economically viable only with: 

●​ Co-located or nearby district heating network 
●​ Two-phase immersion to access 60°C+ temperature 
●​ Renewable heat subsidy stacking sufficient to clear payback hurdles 

The "convert cooling from OpEx loss into ESG-subsidized utility" is directionally correct but 

not at parity. You are converting a 25M/yearcoolingenergybillintoa30M/year heat revenue 
stream — not net-positive in most realistic scenarios without co-location advantages. 

 

Pillar 3: 20W Brain Benchmark / Neuromorphic Edge 
Thermodynamic Reality 
The 20W human brain figure is real. The inference that neuromorphic computing achieves 
comparable efficiency is partially valid with significant qualifications: 
What neuromorphic hardware is genuinely good at: 

Workload Dense GPU (W) Neuromorphic (W) Reduction 

Keyword spotting 
(always-on) 

5–15 W 5–50 mW 99% 

Visual anomaly 
detection (low FPS) 

30–100 W 0.5–3 W 95–97% 

Sensor fusion (IMU + 
audio) 

10–30 W 0.1–1 W 90–95% 

Time-series 
prediction 

20–80 W 1–5 W 80–95% 

LLM inference (7B+ 
params) 

300–700 W Not feasible N/A 

Intel Loihi 2, BrainChip Akida 2, and IBM TrueNorth are real chips. The 95% reduction is real 
for sparse, event-driven inference. It is not achievable for the workloads that dominate AI 
energy consumption in 2026: large language model inference, recommendation systems, and 
generative media. 

CapEx / OpEx Audit 
Edge neuromorphic deployment (per site, 1000 inference points): 



Line Item GPU-based Edge Neuromorphic Edge 

Hardware CapEx $80–150k $120–250k (Akida IP core 
licensing + MCU) 

Power infrastructure 5–10 kW per site 0.3–1 kW per site 

5-year energy cost $35–70k $2–5k 

Software/maintenance Lower (mature stack) Higher (immature tooling) 

5-year TCO per site $130–250k $130–280k 

The break-even is not where you think it is. Neuromorphic edge wins decisively on energy 
but loses on: 

1.​ Software ecosystem — SNN training frameworks (Nengo, Lava, snnTorch) are years 
behind PyTorch in developer mindshare 

2.​ Skill availability — finding SNN engineers costs 1.5–2x a standard ML engineer 
3.​ Workload mismatch — many "edge AI" use cases (vision transformers, multimodal 

LLMs at the edge) require dense compute 

Regulatory & Standards Issues 
1.​ No formal "neuromorphic compliance" framework exists. NIST and IEEE have 

working groups but no ratified standards. 
2.​ Export controls (US BIS, EU dual-use) on advanced neuromorphic chips are tightening 

— Akida 2 and Loihi-class devices may face EAR controls. 
3.​ Right-to-repair implications — SNN accelerators are often locked to vendor 

toolchains (BrainChip MetaTF, Intel Lava), creating procurement lock-in. 

Verdict 
⚠️ Sound for the right workload class — sparse, event-driven, sensor-level inference. The 
95% reduction is achievable and measurable for these workloads. The protocol must 
explicitly scope: 

●​ Workloads where the benchmark applies (sensor processing, anomaly detection, 
keyword spotting) 

●​ Workloads where it does not apply (LLMs, large-scale generative AI, training) 
●​ Migration timeline for legacy GPU workloads where neuromorphic substitutes exist 

Do not claim "95% reduction in local grid strain" without specifying which workloads. The 
aggregate claim is not supported. 

 

Pillar 4: ZKP Telemetry 
Engineering Reality 



Zero-Knowledge Proofs for ML inference (zkML) is a real but computationally expensive 
technology: 

●​ EZKL, Modulus Labs, Giza, RISC Zero are producing working systems 
●​ Proof generation overhead for inference: 100x to 10,000x the original compute, 

depending on circuit complexity 
●​ Hardware acceleration (FPGA/ASIC provers): emerging, not mature 
●​ Verification cost: typically milliseconds to seconds — fast 

Application to Water/Power Reporting 
This is where ZKP is genuinely well-suited: 

Claim to Prove ZKP Suitability Overhead 

"I consumed X kWh in time 
window Y" 

✅ Trivial < 1 second 

"My water discharge was Z 
liters" 

✅ Trivial < 1 second 

"My inference ran on ≤ N 
kWh" 

⚠️ Moderate Minutes to hours 

"My model contains no 
proprietary IP" 

⚠️ Hard Hours to days 

"My compute achieved ≥ R 
ROI" 

❌ Very Hard Days; requires counterfactual 
proof 

CapEx / OpEx Audit (per facility) 

Line Item Traditional Audit ZKP-based Reporting 

Initial setup (prover hardware) $0 $50–200k 

Annual prover compute $0 $30–100k 

Third-party auditor $80–200k/year $0 (ZKP replaces) 

Regulator acceptance 
overhead 

$0 $20–80k (training regulators) 

5-year TCO $400k–1M $250k–850k 

Regulatory Issues 
1.​ Regulator competence gap. Municipal water authorities do not have cryptographers 

on staff. ZKP attestations require verifier-side expertise that may not exist. The protocol 



must include regulator training and verifier-tooling development — neither of which 
you have scoped. 

2.​ Legal status of ZKP attestations. Most environmental regulations assume 
third-party-audited reports. ZKP attestations are not legally equivalent in most 
jurisdictions. You would need to amend underlying regulations. 

3.​ Soundness assumptions. ZKP systems rely on trusted setup ceremonies (zk-SNARKs) 
or large computational assumptions (zk-STARKs). Both have failure modes that auditors 
may not understand. 

Verdict 
⚠️ Cryptographically sound but operationally expensive. The use case is legitimate — 
facilities do have legitimate competitive concerns about disclosing operational details. But the 
protocol must include: 

●​ Regulator training program and verifier-tooling grants 
●​ Legal pathway for ZKP attestation acceptance (statutory amendments) 
●​ Hybrid reporting (ZKP for sensitive metrics, traditional audit for others) during 

transitionury 
 

Aggregate Verdict: Does This Prevent Municipal 
Collapse? 
Honest answer: No, but it materially reduces the probability. 

What This Framework Does Well 
●​ Reduces direct water consumption (ZLD mandate) 
●​ Recovers waste heat economically (district heating) 
●​ Lowers edge-compute grid strain (neuromorphic where applicable) 
●​ Enables verified compliance without full disclosure (ZKP) 

What This Framework Does Not Address 
1.​ Aggregate compute growth. Even at maximum efficiency improvements, Jevons 

paradox applies: cheaper compute-per-watt → more total compute → potentially higher 
total consumption. No demand-side controls are included. 

2.​ Training compute. Frontier model training consumes 10–100x more energy than 
inference. Your framework is silent on training. 

3.​ Water for semiconductor manufacturing. TSMC's Arizona fab consumes ~10 million 
gallons/day. Your framework ignores embodied water. 

4.​ Geographic concentration. Phoenix, Las Vegas, Northern Virginia, Delhi, Singapore all 
face water/grid stress. No siting constraints are included. 

5.​ Demand response and curtailment. A municipal-collapse-prevention framework 
needs load-shedding protocols during grid stress. Not present. 

6.​ Rebound effects. Efficiency gains historically increase total consumption. Not 
modeled. 



Mathematical Soundness 
For the four pillars as isolated engineering proposals: yes, each is internally sound with the 
caveats above. 
For the four pillars as a collapse-prevention roadmap: incomplete.Collapse prevention 
requires: 

●​ Cap on total compute growth per municipality 
●​ Carbon/water pricing on AI compute 
●​ Siting restrictions in Tier 1 water-stressed zones 
●​ Training compute disclosure and offsetting 
●​ Demand-response protocols 

Final Recommendation 
Approve Pillar 1 with PFAS fluid migration path.​
Approve Pillar 2 with two-phase immersion requirement and subsidy-stacking analysis.​
Approve Pillar 3 with workload scoping and explicit frontier-model exclusion.​
Approve Pillar 4 with regulator training and legal pathway. 
Reject as a "collapse prevention" roadmap until demand-side controls and training compute 
disclosures are added. The pillars are necessary but not sufficient. 

 
Auditor's signature line: The engineering is real. The collapse framing is overstated. Strip the 
rhetoric, keep the math, add the demand-side controls, and this becomes a publishable policy 
proposal. The version with the occult framing and the council mythology will never get past a 
city sustainability officer. 
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