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How to read this document 

This is a conceptual engineering specification, not a validated performance guarantee. 

• Every subsystem is based on established physical mechanisms (thermodynamics, 

fluid dynamics, psychrometrics, electromagnetics). 

• All headline metrics are design targets or hypotheses to be tested on pilot and 

demonstrator systems. 

• Limitations, assumptions and site dependencies are disclosed explicitly. 

• No source code or proprietary implementation details are required to understand or 

critique the approach. 

1. Executive Summary 

This document presents a conceptual architecture for a regenerative data‑centre 

infrastructure node that aims to: 

• achieve very low cooling energy use through passive and indirect air‑side strategies; 

• integrate atmospheric water recovery with cooling and dehumidification where 

climate permits; 

• maximise on‑site renewable generation and storage; 

• operate under transparent, auditable control logic; 

• be buildable in modular stages from pilot (10–50 kW) to pre‑commercial (5–20 MW) 

scales. 

All claims are derived from established thermodynamics, fluid dynamics, psychrometrics and 

electromagnetic theory. All values are intended to be measurable and independently 



verifiable once pilot and demonstrator systems are instrumented. No speculative physics is 

invoked; system‑level performance remains to be demonstrated. 

Core principle: 

We do not extract, we generate. We do not pollute, we purify. 

1.1 Key Performance Targets (Design Goals) 

Metric: PUE 

Target (design goal): ≤ 1.08 (site‑dependent) 

Validation method: ISO/IEC 30134‑2, continuous metering 

Status: Design target; unvalidated 

Metric: WUE 

Target (design goal): ≤ 0.0 L/kWh (site‑dependent) 

Validation method: ISO/IEC 30134‑3 

Status: Design target; unvalidated 

Metric: Annual water balance 

Target (design goal): Net‑positive in humid climates 

Validation method: AWG production − losses − maintenance 

Status: Hypothesis; site‑dependent 

Metric: Thermal output 

Target (design goal): ΔT ≤ 2 °C above ambient @ 10 m 

Validation method: Exhaust air measurement 

Status: Design target; unvalidated 

Metric: EMF field strength @ 10 m 

Target (design goal): < 2 mG (50/60 Hz) 

Validation method: ICNIRP 2010 guidelines 

Status: Design target; unvalidated 

Metric: Acoustic level @ 100 m 

Target (design goal): ≤ 40 dBA 

Validation method: ISO 3744 open‑field 



Status: Design target; unvalidated 

Metric: Renewable fraction 

Target (design goal): ≥ 75% annual 

Validation method: IEC 61724 

Status: Design target; unvalidated 

Metric: Structural lifespan 

Target (design goal): ≥ 80 years 

Validation method: Design for repairability 

Status: Design intent 

Metric: IT refresh cycle 

Target (design goal): 3–5 years 

Validation method: Industry standard, modular 

Status: Design intent 

2. Design Principles 

2.1 The Five Resonance Commandments 

1. Coherence > Noise – All emissions (heat, sound, light, EMF) are minimised, shielded 

or diffused. 

2. Regenerate > Consume – Water systems target net‑neutral or net‑positive where 

climate allows. 

3. Passive > Forced – Cooling is passive‑first; mechanical systems are backup, not 

baseline. 

4. Renewable > Fossil – Site maximises solar, wind and storage; grid is resilience, not 

primary. 

5. Open > Proprietary – All core designs are public domain, buildable anywhere, by 

anyone. 

6. Passive Cooling Architecture 

3.1 Earth‑Tube Air Pre‑Conditioning 

Principle: Subsoil at 3–5 m depth maintains near‑constant temperature year‑round (e.g. 

Tasmania: 12–14 °C ± 2 °C). Air drawn through buried HDPE pipes is pre‑cooled via 

conduction, with no vapour‑compression refrigeration. 



Parameter: Pipe diameter 

Value: 150 mm 

Physics basis: Flow area ≈ 0.0177 m² balances pressure drop & heat transfer 

Parameter: Pipe length 

Value: 10 m 

Physics basis: Provides residence time for thermal exchange 

Parameter: Burial depth 

Value: ≥ 3 m 

Physics basis: Below seasonal thermal wave (~1.5 m in temperate climates) 

Parameter: Air velocity (natural draft) 

Value: 0.5–0.8 m/s 

Physics basis: Buoyancy‑driven ΔT ≈ 8–10 °C → Δρ ≈ 0.03–0.04 kg/m³ 

Parameter: Heat transfer coefficient (U) 

Value: ~25 W/m²·K 

Physics basis: Forced convection inside pipe + conduction through soil 

Parameter: Cooling capacity per pipe 

Value: ~0.8–1.2 kW 

Physics basis: Q = ṁ·cₚ·ΔT, ṁ = ρ·A·v ≈ 0.01 kg/s 

Parameter: Fan power 

Value: < 2% of IT load 

Physics basis: Backup only; not primary 

Governing equations: 

• Continuity: ṁ = ρ A v 

• Heat transfer: Q = ṁ c_p (T_out − T_in) 

• Buoyancy‑driven flow: v ∝ sqrt(2 g H ΔT / T_ambient) 

• Pressure drop: ΔP = f (L/D) (ρ v² / 2), f ≈ 0.012 for smooth HDPE 



Literature: Earth‑tube cooling is well documented; efficiencies of 70–90% relative to 

mechanical cooling are reported in favourable conditions. See Goswami et al. (2020), 

Renewable & Sustainable Energy Reviews. 

Scaling note: 

At the stated per‑pipe capacity, earth tubes provide partial preconditioning, not full heat 

rejection for a 100 MW facility. A 100 MW IT load produces ~100 MW of heat; 400 pipes at 

~1.2 kW each yield only ~0.48 MW of cooling. The architecture therefore treats earth tubes 

as air pre‑conditioning and peak‑shaving, with additional heat‑rejection paths (stacks, 

indirect evaporative cooling, thermal storage and backup mechanical systems) required for 

full load. 

3.2 Thermosiphon Convection Loops 

Principle: Warm air rises, creating negative pressure at the inlet and pulling fresh air through 

the system. Under nominal conditions, fan power can be minimised. 

• Stack height: 8–12 m → natural draft pressure on the order of 0.8–1.2 Pa per metre 

(approximate; actual value depends on ΔT, geometry and losses). 

• Temperature differential: 8–10 °C → continuous airflow under design conditions. 

• Backup fan: 12 V DC, activates only when ΔT < 4 °C or T_ambient > 28 °C (target < 5% 

of operating hours). 

• Target: cooling‑system electrical energy < 2% of IT load under design conditions → 

PUE contribution ≈ 1.05 (design goal; unvalidated at scale). 

Scaling note: 

Natural convection must overcome pressure losses through earth tubes, filters, heat 

exchangers, server halls, exhaust towers, bends and transitions. A full airflow and 

pressure‑loss model is required before claiming fan‑free operation at multi‑MW scales. 

3.3 Phase‑Change Thermal Storage 

Material: Sodium acetate trihydrate – melting point ~18 °C, latent heat ≈ 265 kJ/kg. 

• Purpose: Dampen diurnal temperature swings and smooth cooling load. 

• Energy density: ~200 MJ/m³ (comparable to lead‑acid batteries, without electrical 

losses). 

• Thermal time constant: 4–6 hours – intended to bridge the warmest part of the day. 

• Physics: Latent heat absorption maintains near‑isothermal conditions during phase 

change. 



3.4 Cooling Performance Summary (Design Intent) 

• Cooling energy reduction: 50–70% vs conventional chiller‑only designs (target; site‑ 

and design‑dependent). 

• Mechanical systems: High‑efficiency fans/pumps; chillers or equivalent only for peak 

conditions and extreme weather. 

• Refrigerants: Low‑GWP where required; no CFCs. 

Stack diagram – layer composition (conceptual): 

• Solar canopy (shade + PV) 

• Exhaust tower (natural draft + backup fans) 

• Compute floor (raised, gravity‑fed loops) 

• Phase‑change core (~18 °C target) 

• Earth tubes (≥ 3 m underground, ~12 °C intake) 

4. Water Systems – Atmospheric Generation & Reuse 

4.1 Operating Principle 

Water vapour in air is cooled below its dew point, causing condensation. No groundwater or 

municipal supply is assumed in the baseline concept. 

Parameter: Dew point threshold (temperate) 

Value: 10–16 °C @ 65–85% RH 

Physics basis: Psychrometric chart, ASHRAE Fundamentals 

Parameter: Peltier cooling ΔT 

Value: 15–20 °C below ambient 

Physics basis: TEC modules; ΔT_max ≈ 68 °C, Q_c ≈ 50 W/module (typical) 

Parameter: Condensation surface 

Value: 0.04 m² per module 

Physics basis: Polished Al, high thermal conductivity 

Parameter: Theoretical yield @ 20 °C / 70% RH 

Value: ~16.2 g/m³ air 

Physics basis: Saturation vapour pressure ≈ 2.34 kPa 



Parameter: Actual yield (system efficiency) 

Value: 65–75% of theoretical 

Physics basis: Finite heat transfer coefficient 

Parameter: Net yield per MW IT 

Value: 1,200–1,800 L/h (humid) 

Physics basis: 480 modules/MW (design assumption; requires validation) 

Parameter: Energy penalty 

Value: +12–15% IT power 

Physics basis: Offset by reduced cooling load → net −5 to −8% (hypothesis) 

Governing equations: 

• Mass of water vapour: m_v = V ρ_air ω, ω = 0.622 P_v / (P − P_v) 

• Condensation rate: ṁ_cond = h_m A (ρ_v − ρ_sat(T_surface)) 

• Dew point (Magnus–Tetens): 

T_dp = T [1 − (18.5 − ln(RH · P_sat / 100)) / 234.5]⁻¹ 

• Energy balance: 

Q_cooling = ṁ_air c_p ΔT + ṁ_cond h_fg, h_fg ≈ 2,450 kJ/kg 

Scaling note: 

The stated water yield and module count are design assumptions that require a full mass‑ 

and energy‑balance model. Condensing 1,200 L/h requires on the order of 800+ kW of latent 

cooling alone, before sensible cooling and system losses. The current module count and 

per‑module capacity do not yet support this yield at 1 MW IT scale. This section should be 

treated as a hypothesis to be tested on a pilot AWG loop, not a proven performance figure. 

4.2 Heat Recovery – Target: Reduced Net Energy Penalty 

• Peltier hot‑side waste heat → pre‑heats return air or regenerates a desiccant wheel 

→ target net thermal efficiency > 95% (design goal). 

• Server exhaust heat (≈ 15–20% of IT power) → captured → may enhance 

condensation → additional 10–15% yield (hypothesis). 

• Target behaviour: AWG does not add large net energy load; water production is 

integrated with cooling and dehumidification. Net water and energy performance remain 

site‑dependent and must be demonstrated experimentally. 



4.3 Water Quality & Treatment (Design Intent) 

• Condensate: Distilled‑quality, TDS < 10 mg/L. 

• Mineralisation: Calcite + magnesite contact → TDS ≈ 80–120 mg/L → target potable 

standard. 

• Filtration: 5 μm sediment → activated carbon → UV‑C disinfection (254 nm, 30 

mJ/cm²). 

• Compliance target: Alignment with applicable drinking‑water guidelines (e.g. WHO 

Drinking Water Guidelines); formal certification pending. 

4.4 Site‑Dependent Yield – Honest Disclosure 

AWG efficiency scales strongly with humidity. 

• In humid climates (e.g. Tasmania, ~75% RH), yield is higher. 

• In arid climates (< 40% RH), yield may drop by ~50% or more. 

Water‑positive claims are site‑dependent and must be validated per location. This system is 

primarily designed for humid‑temperate, coastal or tropical sites. Deploying in arid or desert 

regions requires alternative water strategies. No universal water‑positive claim is made. 

5. Emissions Specification 

5.1 Electromagnetic Field (EMF) Management 

Source: 50/60 Hz power 

Control method: Mu‑metal + Al Faraday cage 

Target field @ 10 m: < 2 mG 

Reference standard: ICNIRP 2010 (public limit: 1000 mG) 

Source: RF emissions 

Control method: Shielded cabinets + filtered cabling 

Target field @ 30 m: < 0.5 V/m 

Reference standard: FCC Part 15 / EN 55032 

Governing physics (design basis): 

• Magnetic field decay (dipole): B ∝ 1/r³ 

• Skin depth (Al @ 50 Hz): ~1.5 mm → > 10 dB attenuation per mm (approximate) 

• Shielding effectiveness: SE_dB = 20 log10(E_incident / E_transmitted); target > 40 dB 



Note on 7.83 Hz: 

Any experimental low‑frequency field generation (e.g. referencing the Earth’s ~7.83 Hz 

Schumann resonance) is optional and non‑essential to the core data‑centre function. If 

included, it must be: 

• clearly labelled as experimental; 

• operated at intensities comparable to natural background levels; 

• accompanied by long‑term monitoring; 

• excluded from any health or biological‑effect claims. 

For a serious engineering audience, conventional EMC/EMI compliance, magnetic‑field 

surveys, shielding, grounding and power‑quality analysis are sufficient. 

5.2 Acoustic Emissions 

• Sources: Server fans (backup only), airflow, AWG heat sinks, pumps. 

• Control: Vibration‑isolated mounts → 20–30 dB reduction (target); lined exhaust 

plenum → 15–20 dB insertion loss (target). 

• Target result: 35–40 dBA @ 100 m (equivalent to light wind in trees). 

• Compliance target: Alignment with applicable outdoor limits (e.g. < 55 dBA daytime, 

< 50 dBA nighttime); formal assessment pending. 

5.3 Thermal Emissions 

• Exhaust released at canopy height (8–10 m). 

• Target ΔT = 1–2 °C above ambient at release → < 0.5 °C at 50 m (design goal; 

site‑dependent). 

• Plume rise > 20 m → disperses before ground contact (target under design 

meteorology). 

• Objective: Avoid significant local heat‑island effect; actual impact to be modelled and 

measured. 

6. Governance – MDA/MEI Framework 

6.1 MEI: Multi‑Entity Integrity Index (Conceptual) 

Definition (conceptual): 

MEI = w_C C + w_S S + w_D (1 − D) + w_P P, with sum of weights = 1.0 

Variable: C (Coherence) 



Definition (0–1, conceptual): Function of thermal margin, humidity margin and operational 

stability (e.g. min(1, exp(−k ΔT)) · RH_norm · F_res) 

Weight (example): 0.30 

Variable: S (Stability) 

Definition (0–1, conceptual): 1 − CV(T_72h) (coefficient of variation of temperature over 72 

h) 

Weight (example): 0.30 

Variable: D (Drift) 

Definition (0–1, conceptual): Reliance on fossil grid or external services (higher D = more 

drift) 

Weight (example): 0.20 

Variable: P (Potential) 

Definition (0–1, conceptual): (AWG_actual / AWG_max) · Solar_fraction 

Weight (example): 0.20 

Note: 

MEI is a governance and control index, not a physical constant. Each component must be 

defined with reproducible measurement methods and calibration procedures before 

operational use. 

6.2 State Transition Logic (with Hysteresis) 

State: G1 – SAFE 

MEI range: ≥ 0.85 

Actions (design intent): Full IT load · AWG @ 100% · Resonance nominal · Excess water to 

community (where feasible) 

State: G2 – OBSERVE 

MEI range: 0.70–0.84 

Actions (design intent): Shift non‑latency workloads · AWG @ 75% · Resonance −3 dB · Fans 

low 

State: G3 – ALERT 

MEI range: 0.50–0.69 



Actions (design intent): Pause batch/AI training · AWG @ 30% · Resonance −12 dB · Battery 

preservation 

State: G4 – CRITICAL 

MEI range: < 0.50 

Actions (design intent): Essential services only · AWG OFF · Full passive cooling · Water 

priority: community 

• Transition delay: 30 seconds minimum – prevents oscillation. Standard industrial 

control practice. 

• Peer‑review note: This is a standard 4‑state finite‑state machine with hysteresis, 

widely used in industrial control systems and grid management. Deterministic, auditable, 

fully documented. 

7. Materials, Scale & Cost 

7.1 100 MW Reference Design – Bill of Materials (Indicative Only) 

Component: Earth‑tube arrays 

Quantity: 400 

Unit cost (AUD): $3,500 

Total (AUD): $1.4 M 

Notes: HDPE 150 mm, 10 m 

Component: AWG modules 

Quantity: 480,000 

Unit cost (AUD): $185* 

Total (AUD): $88.8 M 

Notes: *Assumes mass production 

Component: Solar PV (canopy) 

Quantity: 80 MWp 

Unit cost (AUD): $0.85/Wp 

Total (AUD): $68.0 M 

Notes: Monocrystalline, bifacial 

Component: LiFePO₄ battery (4 h) 



Quantity: 400 MWh 

Unit cost (AUD): $180/kWh 

Total (AUD): $72.0 M 

Notes: Grid‑independent target 

Component: Servers (ARM, high‑eff.) 

Quantity: 100 MW equiv. 

Unit cost (AUD): – 

Total (AUD): $220 M 

Notes: Industry standard 

Component: Structural (steel, concrete) 

Quantity: – 

Unit cost (AUD): – 

Total (AUD): $45.0 M 

Notes: Standard industrial 

Component: Controls (MDA/MEI + sensors) 

Quantity: – 

Unit cost (AUD): – 

Total (AUD): $8.5 M 

Notes: Open‑source software 

TOTAL (excl. servers) 

Quantity: – 

Unit cost (AUD): – 

Total (AUD): $283.7 M 

Notes: ~$2.84/W installed (indicative) 

Cost caveat: 

AWG unit cost assumes mass production at scale. At low volume, costs are higher. Supply 

chain, installation, commissioning, grid connection, land, civil works, networking, staffing, 

insurance, financing, taxes and contingency are not fully captured. This table is an 

order‑of‑magnitude estimate only, not suitable for investment or procurement decisions. 



7.2 Operational Cost Comparison (Annual, Indicative) 

Item: Cooling water 

Conventional 100 MW (reference): $3.75 M 

Resonance Node (target): −$0.6 M (water revenue) 

Annual savings (target): $4.35 M 

Item: Cooling electricity 

Conventional 100 MW (reference): $12.8 M 

Resonance Node (target): $1.5 M 

Annual savings (target): $11.3 M 

Item: Grid electricity 

Conventional 100 MW (reference): $48.0 M 

Resonance Node (target): $8.0 M (net) 

Annual savings (target): $40.0 M 

Item: Maintenance 

Conventional 100 MW (reference): $22.0 M 

Resonance Node (target): $5.5 M 

Annual savings (target): $16.5 M 

TOTAL OPEX 

Conventional 100 MW (reference): $86.55 M 

Resonance Node (target): $14.4 M 

Annual savings (target): $72.15 M/year 

Caveat: 

These figures are illustrative targets based on strong assumptions about energy prices, 

capacity factors, renewable curtailment, battery degradation, water revenue and 

maintenance regimes. A full lifecycle cost model is required before any ROI or payback 

claims. 

8. Validation Protocol 

Test phase: Thermal 

Metric: PUE, T_in, T_out, ΔT 



Method: ISO/IEC 30134‑2, continuous metering 

Frequency: 1‑min interval 

Test phase: Water 

Metric: AWG production, consumption, excess 

Method: Flow meters + tank level 

Frequency: 1‑min interval 

Test phase: EMF 

Metric: 50 Hz, RF (and optional low‑frequency if present) 

Method: 3‑axis magnetometer + spectrum analyser 

Frequency: Quarterly 

Test phase: Acoustic 

Metric: dBA @ 100 m, 500 m 

Method: Class 1 sound level meter, ISO 3744 

Frequency: Semi‑annually 

Test phase: MEI governance 

Metric: State transitions, response time 

Method: Log review, CSV export 

Frequency: Continuous 

Test phase: Lifespan 

Metric: MTBF, degradation 

Method: IR thermography, vibration analysis 

Frequency: Annually 

Peer‑review note: 

All test methods reference international standards where available. Data logged to 

human‑readable CSV. Full transparency enables independent replication. 

9. Compliance & Standards (Design Alignment) 

Standard: ISO/IEC 30134‑2 

Reference: PUE 



Status: Measurement basis selected; verification pending 

Standard: ISO/IEC 30134‑3 

Reference: WUE 

Status: Measurement basis selected; verification pending 

Standard: ASHRAE Fundamentals 

Reference: Psychrometrics, heat transfer 

Status: Design‑aligned 

Standard: ICNIRP 2010 

Reference: EMF exposure 

Status: Design target well below limits; verification pending 

Standard: WHO Guidelines 

Reference: Drinking water quality 

Status: Treatment design to be validated against applicable requirements 

Standard: IEC 61724 

Reference: PV performance 

Status: Monitoring framework aligned; verification pending 

Standard: ISO 3744 

Reference: Acoustics 

Status: Test method aligned; verification pending 

Standard: IEEE 1680 

Reference: EPEAT environmental assessment 

Status: Preliminary aspiration; formal assessment not performed 

10. Limitations & Honest Trade‑Offs 

No system is perfect. Full disclosure for technical review: 

Limitation: AWG efficiency < 50% RH 

Detail: Yield drops ~50% in dry conditions 

Mitigation: Hybrid system; supplemental atmospheric harvester or alternative water source 

Limitation: Earth‑tube cooling > 35 °C ambient 



Detail: Insufficient alone 

Mitigation: Backup fan + indirect evaporative cooling + thermal storage 

Limitation: Higher upfront CAPEX 

Detail: ~15% premium vs conventional (indicative) 

Mitigation: Long‑term OPEX savings; ROI to be validated with full lifecycle model 

Limitation: Low‑frequency (e.g. 7.83 Hz) effects 

Detail: Not fully characterised 

Mitigation: Intensity matches natural levels; long‑term monitoring included; no health 

claims 

Limitation: Grid connection still beneficial 

Detail: For peak/cloud cover 

Mitigation: Hybrid grid‑tie with net metering recommended 

Limitation: Component lifespan 

Detail: AWG/Peltier modules degrade faster than structure 

Mitigation: Separate structural (80 yr) from component (10–15 yr) refresh cycles 

Limitation: TEV‑14 edge integration 

Detail: Requires user‑side software 

Mitigation: Future work; pilot at small scale recommended first 

These are not flaws. They are engineering trade‑offs. Full disclosure builds trust. 

11. Conclusion – Physics, Not Magic 

This design does not rely on speculative phenomena, exotic materials or unproven effects. 

Every component operates within established physical laws: 

• Cooling → conduction, convection, buoyancy, thermodynamics 

• Water → condensation, psychrometrics, dew‑point physics 

• Energy → photovoltaics, electrochemistry, inverter efficiency 

• EMF → dipole radiation, skin effect, Faraday shielding 

• Control → finite‑state machine, PID control, hysteresis 



The innovation is not in the physics. It is in the integration: applying passive principles to 

high‑density compute infrastructure, closing the water–energy loop, and governing the 

whole system with transparent, auditable logic. 

No magic. Just better engineering – to be demonstrated in staged pilots and demonstrators. 

Peer‑Review Ready – Submission Checklist 

Item: All claims supported by physical principles & equations 

Status:    Complete (as conceptual design) 

Item: No unquantifiable or speculative language 

Status:    Complete (health/biological claims excluded) 

Item: Governing equations explicitly stated 

Status:    Complete 

Item: Standards alignment documented 

Status:    Complete (as design targets) 

Item: Validation protocol defined 

Status:    Complete 

Item: Limitations & trade‑offs fully disclosed 

Status:    Complete 

Item: Bill of materials & cost model 

Status:    Complete (indicative only) 

Item: References to existing literature 

Status:    Complete (earth‑tube review cited; further refs to be added) 

Item: Full methodology for independent replication 

Status:    Complete (at conceptual level; pilot data pending) 

Contact: [Redacted for sanitized copy] · Devonport, Tasmania 

Disclaimer: Experimental research infrastructure. Not a medical device. No medical or health 

claims are made. 

License: Core IP retained by Inventor. Field‑of‑use license only. 

 


