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GLM 5.2 
Reasoning  

Technical Audit: Green Code "Outer Book" 
Infrastructure Directives (v2.1) 
Prepared by: Senior Infrastructure Engineer / Thermodynamic Auditor​
Scope: CapEx/OpEx viability, regulatory compliance, engineering feasibility​
Verdict: Two pillars are immediately deployable. One is viable with caveats. One is a research 
target, not an infrastructure directive. 

 

Pillar 1: Zero-Liquid Discharge (ZLD) & Waterless 
Compute 
Engineering Assessment: VIABLE — DEPLOY NOW 
Current State:​
Evaporative cooling towers in hyperscale data centers consume approximately 1.8–2.0 liters of 
water per kWh of IT load. A 100MW facility in a water-stressed municipality draws 
180,000–200,000 liters/day from local aquifers or municipal supply. This is a real and 
documented problem (Siddik et al., 2021; Microsoft sustainability report, 2022). 
Proposed Alternative: Dielectric Immersion Cooling 

●​ Single-phase immersion (e.g., Engineered Fluids ElectroCool) or two-phase (e.g., 3M 
Novec, though 3M has discontinued this line — supply chain risk) 

●​ Fluid is a closed-loop dielectric oil; servers are submerged directly 
●​ PUE improvement: From ~1.4–1.6 (evaporative) to ~1.03–1.08 (immersion) 
●​ Water consumption: Effectively zero for cooling (excluding facility gray water) 

https://openrouter.ai/z-ai/glm-5.2


CapEx/OpEx Analysis 

Metric Evaporative (Baseline) Immersion Cooling 

CapEx per rack 25,000–35,000 40,000–60,000 

CapEx premium — +40–70% 

OpEx (water purchasing) 0.50–2.00/1,000 gal (varies 
by municipality) 

$0 

OpEx (water treatment 
chemicals) 

50,000–150,000/year per 
10MW 

$0 

OpEx (cooling energy) 10–15% of IT load 2–5% of IT load 

Fluid replacement cycle N/A Every 5–7 years 
(~$15,000/tank) 

Rack density ceiling 30–40 kW/rack 100–200+ kW/rack 

Key finding: The CapEx premium of 40–70% has a payback period of 3–6 years depending on 
local water pricing and electricity costs. In water-stressed municipalities (Phoenix, Madrid, 
Singapore), the payback is shorter due to: 

●​ Escalating water tariffs 
●​ Risk of operational shutdown during drought restrictions 
●​ Permitting friction for new evaporative builds 

Critical engineering constraints: 
●​ Retrofit cost: Immersion requires purpose-built tanks. Retrofitting an existing 

air-cooled facility is economically irrational — you'd need to replace racks, PDUs, 
cable routing, and flooring. This is a new-build directive only. 

●​ Hardware warranty voiding: Most server OEMs (Dell, HPE) void warranties for 
submerged equipment. Custom-built servers or OEM-validated immersion SKUs are 
required. This adds 15–25% to server CapEx. 

●​ Fluid supply chain: Single-phase dielectric fluids are available from multiple vendors 
(Engineered Fluids, Submer, Green Revolution Cooling). Two-phase fluids lost their 
primary supplier when 3M exited PFAS chemistry. Specify single-phase only. 

Regulatory Compliance 
●​ No regulatory barrier. ZLD is already mandated or incentivized in: 

○​ EU: Industrial Emissions Directive (IED) revisions 
○​ Singapore: PUB water efficiency requirements 
○​ Arizona: ADWR groundwater withdrawal permits increasingly difficult for 

evaporative systems 



●​ ESG reporting advantage: Aligns with CDP Water Security disclosure and TNFD 
(Taskforce on Nature-related Financial Disclosures) 

Verdict: ✅ DEPLOY IN NEW BUILDS IN WATER-STRESSED REGIONS 
The math works. This is not theoretical — Microsoft, Meta, and Equinix are already piloting 
immersion at scale. The directive is sound but should specify: 

●​ New-build only (do not retrofit) 
●​ Single-phase dielectric fluid only 
●​ OEM-validated server SKUs 
●​ 7-year fluid lifecycle budgeting 

 

Pillar 2: Thermal Symbiosis (Waste Heat Export) 
Engineering Assessment: VIABLE — WITH SITE-SPECIFIC CONSTRAINTS 
Current State:​
Data centers reject heat at temperatures too low for useful work. Air-cooled facilities exhaust 
90–105°F air. Even immersion-cooled facilities typically operate fluid inlet at 85–95°F and outlet 
at 113–122°F. 
The Thermodynamic Problem: 
The quality (exergy) of waste heat depends on temperature differential. District heating systems 
in Northern Europe typically require 160–195°F (70–90°C) supply temperatures for legacy 
radiator networks. Modern low-temperature district heating can operate at 120–140°F 
(50–60°C). 

Cooling Method Typical Fluid Temp (Outlet) Direct Use for District 
Heating? 

Air-cooled (CRAC/CRAH) 90–105°F ❌ Too low 

Single-phase immersion 113–131°F ⚠️ Marginal — requires heat 
pump boost 

Two-phase immersion 122–140°F ✅ Possible for low-temp 
networks 

Direct-to-chip liquid 131–158°F ✅ Best candidate 

To reach 120°F+ export temperatures suitable for district heating or agricultural 
greenhouses, you need direct-to-chip liquid cooling with high flow rates and elevated 
inlet temperatures. 

CapEx/OpEx Analysis 

Component CapEx (per 10MW IT load) 



Liquid-to-liquid heat exchangers 200,000–400,000 

Insulated district heating pipe (1km run) 500,000–1,200,000 

Heat pump boost system (if required) 300,000–600,000 

Interconnection to municipal grid 100,000–300,000 

Total CapEx premium 1.1M–2.5M per 10MW 

OpEx impact: 

●​ Revenue/offset: District heating customers pay 30–60/MWh for heat. At 10MW 

thermal output, that's 2.6M–5.3M/year in potential revenue. 

●​ Heat pump electricity cost (if boost required): 50,000–120,000/year 
●​ Payback period: 6–18 months where a customer exists within ~2km 

Critical Engineering Constraints 
1.​ Distance is everything. Heat transport losses are ~1–2°C per km. If the nearest district 

heating network or greenhouse is >3km away, CapEx for insulated piping exceeds 
revenue. Site selection must be co-located with heat demand. 

2.​ Load matching. Data centers produce heat 24/7. District heating demand is seasonal 
(peaks in winter, collapses in summer). Without a year-round heat customer 
(greenhouse, industrial process, swimming pool), 40–60% of exported heat has no 
buyer. 

3.​ Load factor mismatch. Data center heat output follows IT load. District heating follows 
weather. These are poorly correlated. Buffer storage is needed. 

Successful Real-World Precedents 
●​ Bahnhof / Stockholm Data Parks: Sells waste heat to Fortum's district heating 

network. Operational since 2017. 
●​ Equinix FR4 (Frankfurt): Supplies heat to municipal grid 
●​ Microsoft, Finland: Planning large-scale heat export 
●​ Nordic data centers (DigiPlex, atNorth): Standard practice 

Regulatory/ESG 
●​ EU Energy Efficiency Directive (revised 2023) mandates waste heat recovery feasibility 

assessment for new data centers >1MW in jurisdictions with district heating 
●​ This is not optional in the EU. It is becoming law. 
●​ ESG subsidy capture: IRA Section 48E (US) and EU green heating subsidies can offset 

30–50% of interconnection CapEx 

Verdict: ✅ VIABLE — BUT SITE-DEPENDENT 
This directive is mathematically sound when co-located with heat demand and 
economically irrational when not. The directive should be amended to: 



●​ Mandate feasibility assessment only (not mandatory deployment) 
●​ Require new-build site selection to prioritize co-location with existing heat demand or 

industrial/agricultural anchor customers 
●​ Specify direct-to-chip liquid cooling as the enabling architecture (air cooling and 

immersion alone produce insufficient temperature heat) 
●​ Acknowledge load factor mismatch and require buffer storage or multi-customer 

portfolios 
 

Pillar 3: The 20W Brain Benchmark (Neuromorphic Edge 
Inference) 
Engineering Assessment: NOT VIABLE AS STATED — RESEARCH TARGET, 
NOT INFRASTRUCTURE DIRECTIVE 
This is where the audit diverges from the manifesto's claims. 
The Claim: Shift continuous edge-inference from 1000W+ GPUs to sparse neuromorphic 
architectures, achieving 95% reduction in grid strain. 
The Reality: 
There are two separate claims conflated here. One is real. One is not. 
Claim A: "GPUs consume 1000W+ for edge inference" 
Partially accurate. A single NVIDIA H100 GPU draws 700W. An edge server with 4× H100 
draws ~2800W. However, this is a training-class server, not an inference-optimized edge 
deployment. For edge inference, the industry standard is: 

●​ NVIDIA L4 (72W), Jetson Orin (15–60W), or custom ASICs 
●​ Qualcomm AI100 (75W), Google TPU Edge, AWS Inferentia (55W) 

Edge inference already does not use 1000W+ GPUs. The premise is comparing against the 
wrong baseline. 
Claim B: "Neuromorphic SNNs achieve 95% energy reduction for equivalent tasks" 
Unsupported for general-purpose inference. 

Architecture Power Strengths Limitations 

Dense transformer 
GPU (A100/H100) 

300–700W General-purpose 
language, reasoning, 
multimodal 

High energy per 
token 

Edge ASIC 
(Inferentia, TPU 
Edge) 

15–75W Quantized inference, 
vision, speech 

Fixed-function; 
limited flexibility 



Neuromorphic SNN 
(Intel Loihi 2, 
BrainChip Akida) 

0.1–1W per chip Event-driven, 
ultra-low power for 
sparse temporal data 

Cannot run 
transformer models; 
requires complete 
model retraining in 
SNN paradigm 

The core problem:​
Neuromorphic chips like Intel Loihi 2 and BrainChip Akida are notgeneral-purpose inference 
engines. They operate on fundamentally different computational principles: 

●​ Sparse, event-driven spikes rather than dense matrix multiplication 
●​ No native support for attention mechanisms or transformer architectures 
●​ Excellent for: real-time sensor fusion, always-on keyword detection, spatiotemporal 

pattern recognition 
●​ Unable to run: GPT-class language models, general reasoning tasks, multimodal 

generation 
There is no published result demonstrating a neuromorphic chip running a 
transformer-equivalent language model at any scale. The "Okonkwo-Nakamura Transform" 
referenced in the Green Code does not appear in any indexed academic publication (IEEE 
Xplore, ACM Digital Library, arXiv). I cannot verify its existence. 

What IS Real and Deployable 
For reducing edge inference energy by 80–95%, the actual proven roadmap is: 

Technique Energy Reduction Maturity 

INT8/INT4 quantization 50–75% ✅ Deployed 

Pruning + sparsity 30–60% ✅ Deployed 

Knowledge distillation (small 
model from large) 

80–95% ✅ Deployed 

Speculative decoding 30–50% ✅ Emerging 

●​ Mixture of Experts routing | 40–70% per inference | ✅ Deployed (Mixtral, etc.) | 
A distilled, quantized, pruned model running on an edge ASIC (e.g., Llama-3-8B in INT4 on a 
Rockchip RK3588) draws 5–15W and delivers usable language inference. This is a 95% 
reduction from a GPU serverand it uses proven, deployable technology. 

CapEx/OpEx Analysis 

Approach CapEx per edge 
node 

Inference latency Model flexibility 

GPU server (4× 
H100) 

$200,000+ Low High 



Edge ASIC 
(Inferentia2, Jetson 
AGX) 

1,000–15,000 Low Medium 

Distilled model on 
commodity ARM 
SoC 

100–500 Medium Low (single 
fine-tuned task) 

Neuromorphic 
(Akida, Loihi 2) 

500–2,000 (dev kits) Low (for SNN tasks) Very low (SNN 
retraining required) 

Verdict: ❌ NOT VIABLE AS STATED — REWRITE REQUIRED 
The 20W brain benchmark is a research aspiration, not an infrastructure directive. The 
directive should be rewritten as: 
Pillar 3 (Revised): Edge Inference Efficiency Mandate 
All continuous edge inference workloads shall use quantized (INT8 or lower), distilled, and 
pruned models deployed on purpose-built inference ASICs or SoCs rather than 
general-purpose GPUs. Target: <15W per concurrent inference stream for language tasks, 
<5W for sensor/vision tasks. Neuromorphic architectures shall be evaluated as a pilot for 
event-driven sensor workloads, not mandated for general inference. 
This version is deployable today and achieves the stated goal (95% reduction from GPU 
baselines) using proven technology. 

 

Pillar 4: ZKP Telemetry for Verified Resource Reporting 
Engineering Assessment: VIABLE — BUT OVER-ENGINEERED FOR 
CURRENT USE CASE 
Current State:​
Data centers report resource consumption to regulators through: 

●​ Manual reporting (slow, unverifiable) 
●​ Smart meter integration with utilities (verifies electricity, not water) 
●​ Third-party audits (expensive, infrequent) 

The Problem Being Solved:​
A municipality needs to verify that a data center is complying with its water permit (e.g., 
<100,000 gal/day) and PUE requirements, without the data center revealing proprietary 
information about server utilization, workload mix, or customer data. 

Technical Analysis 
What ZKPs actually provide:​
A Zero-Knowledge Proof allows a facility to prove: "My water consumption today was below 
95,000 gallons" without revealing the exact number, workload data, or operational details. 



Component Feasibility Notes 

zk-SNARK proof of 
consumption threshold 

✅ Mature Libraries: zk-SNARK, Halo2, 
Plonk 

Trusted attestation of sensor 
data 

⚠️ Hard part Requires hardware root of 
trust (TPM/TEE) on flow 
meters 

Proof aggregation 
(daily/weekly) 

✅ Feasible Recursive SNARKs 

Verification by non-technical 
municipality 

⚠️ Requires tooling Need a simple verification 
dashboard 

The hard part is not the cryptography — it's the sensor attestation chain: 
Flow meter → [calibration certificate] → [hardware attestation] → 
[TEE signing] → ZKP generation → [public verification] 

Every link in this chain must be tamper-resistant. If the flow meter can be physically bypassed 
(a common problem in industrial settings), the ZKP proves nothing. 

CapEx/OpEx Analysis 

Component CapEx (per facility) 

Attested flow meters + RTUs 50,000–120,000 

TEE/secure enclave hardware 20,000–50,000 

ZKP proof generation infrastructure 10,000–30,000 

Verification dashboard for regulators 30,000–80,000 

Total CapEx premium 110,000–280,000 

OpEx (proof generation + maintenance) 20,000–40,000/year 

Alternative: Just report the data.​
For the vast majority of municipalities, the simpler approach is: 

1.​ Install networked flow meters and power meters (already required in many jurisdictions) 
2.​ Report raw consumption to a government portal (no ZKP) 
3.​ Accept annual third-party audit for verification 

This costs 30,000–80,000 CapEx and 5,000–15,000/year OpEx. It's less expensive and 
equally effective for compliance. 

When ZKP Telemetry Actually Makes Sense 



●​ When data centers serve classified/regulated workloads (e.g., government contracts) 
where even consumption patterns are sensitive 

●​ When multiple competing facilities share a constrained resource (aquifer) and mutual 
non-disclosure is required 

●​ When automated, real-time compliance enforcement is needed (e.g., dynamic throttling 
during drought) 

For standard municipal compliance, it is over-engineered. 

Verdict: ⚠️ VIABLE BUT LOW PRIORITY — CONDITIONAL DEPLOYMENT 
●​ Deploy only where proprietary workload sensitivity prevents direct reporting 
●​ For standard compliance, use networked meters + direct reporting + annual audit 
●​ The ZKP approach should be a voluntary enhanced reporting tier, not a baseline 

mandate 
 

Summary Audit Scorecard 
Pillar Engineering 

Viability 
Economic 
Viability 

Regulatory 
Alignment 

Verdict 

1. ZLD / 
Immersion 
Cooling 

✅ Proven ✅ 3–6 yr 
payback in 
water-stressed 
regions 

✅ Already 
mandated in 
EU/SG 

Deploy now 
(new builds 
only) 

2. Thermal 
Symbiosis 

✅ Proven (with 
constraints) 

✅ 6–18 mo 
payback when 
co-located 

✅ 
EU-mandated 
(feasibility) 

Deploy 
conditionally 
(site-dependen
t) 

3. 20W 
Neuromorphic 

❌ SNNs can't 
run transformers 

⚠️ Distilled 
models on 
ASICs achieve 
the goal 

N/A Rewrite as 
quantization/di
stillation 
mandate 

4. ZKP 
Telemetry 

✅ 
Cryptography is 
mature 

⚠️ 
Over-engineered 
for standard 
compliance 

⚠️ No 
regulatory driver 

Voluntary 
enhanced tier 
only 

 

Final Assessment 
Does this framework prevent municipal grid and aquifer collapse? 



Pillars 1 and 2, deployed together, meaningfully reduce water extraction and grid 
demand. They are the strongest parts of the framework and are already proven in production. 
They should be deployed immediately in new builds in water-stressed regions. 
Pillar 3 as written is a research target misclassified as an infrastructure directive. The 
goal (95% edge inference energy reduction) is achievable through quantization and distillation, 
but not through neuromorphic computing for general-purpose AI workloads. 
Pillar 4 is a solution in search of a problem for most use cases, though it has narrow 
applicability in classified environments. 
The framework, corrected for these issues, represents a mathematically sound 
infrastructure strategy. As written, 2 of 4 pillars are deployment-ready, 1 requires rewriting, 
and 1 requires downgrading to optional status. 
2 minutes ago 
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