Eden Il Initiative

CORE ENGINEERING

Autonomous, Point-of-Use Chemical Sovereignty

The Eden Il Initiative engineers centralized Haber-Bosch synthesis into a
containerized, self-contained agricultural utility platform. By combining direct-drive
fluid mechanics, advanced thermal arrays, integrated energy buffering, and
ambient-pressure chemical stabilization, the system delivers continuous fertilizer
synthesis directly at the farm gate:

e Electro-Hydraulic Compression Core (HPDD): Native 600-bar direct-drive
hydraulics actuate a liquid-piston diaphragm intensifier to compress the
stoichiometric N2 + 3Hz feed directly to 150-200 bar. This bypasses multi-stage
mechanical gas compressors, eliminates cyclic mechanical surge wear, and
avoids over $2.0 million in capital equipment costs per unit.

e Wiaistite (Fe) Catalyst Bed & HYG Thermal Regulation: High-conductivity
HYG-Z-001 thermal jackets (1,500 W/m-K) maintain isothermal core regulation at
400°C-450°C, eliminating radial thermal gradients and catalyst sintering. This
enables the use of an affordable, durable WUstite-based Iron catalyst
(~$5,000/bed), permanently eliminating brittle, multi-hundred-thousand-dollar
Ruthenium beds.

e 100 kWh LFP Thermal Shield & Microgrid Buffer: Acts as an uninterruptible
power supply (UPS) to guarantee 99.5% operational uptime. The battery absorbs
high-torque inrush spikes from hydraulic intensifiers, powers auxiliary field
equipment, and maintains the 400°C bed temperature during maintenance to
protect the catalyst from destructive thermal shock.

¢ Inherent Safe-State Aqueous Absorption: Synthesized ammonia gas is
sparged in-line into recovered condensate water at ambient pressure (14.7 psi)
to produce a stabilized 20%-28% ammonium hydroxide (NH4OH) solution. The
unpressurized liquid eliminates toxic gas plume hazards and high-pressure
blast liabilities, operating strictly below federal OSHA PSM and EPA RMP
compliance thresholds.

e Precision NPK Mineral Formulation: The closed-loop system automatically
mixes locally sourced macronutrients (Phosphorus, Potassium) and essential
micronutrients (Zinc, Iron, Sulfates) directly into the aqueous stream. Integrated
with real-time LoRaWAN soil telemetry, the unit dispenses customized
micro-doses through subsurface drip lines for 100% root uptake and zero
agricultural runoff.
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Eden Il Initiative

CORE SUBSYSTEM SPECIFICATIONS

Engineering
Vector

Compression
Architecture

Synthesis Catalyst

Microgrid &
Resilience

Water
Self-Sufficiency

Chemical Phase &
Safety

Agronomic Diet

Legacy
Haber-Bosch
Baseline

Multi-stage
reciprocating
mechanical gas
COMpPressors.

Unbuffered iron or
costly Ruthenium
beds ($268Kk).

Direct
grid/intermittent
tie; high shutdown
vulnerability.

External municipal
tie or dedicated RO
skids.

Pressurized
anhydrous gas
(>250 psi).

Single-element
bulk dry
broadcasting.

The Eden Il
Advantage

600-Bar HPDD
Direct-Drive
Hydraulics

Woiistite-lron Core
+ HYG Isothermal
Bus

100 kWh LFP
Thermal & Inrush
Buffer

Native
Shock-Condensed
Feedwater

Atmospheric
Aqueous Sparging
(20%-28%)

Automated
In-Line NPK +
Micronutrient Vat
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Strategic Impact

Bypasses mechanical
compressor failure
modes; saves $2M+
CapkEx.

Slashes bed CapEx to
~$5,000; ensures
zero-strain elastic
compliance.

Provides 99.5% uptime,
hydraulic
peak-shaving, and UPS
thermal hold.

Recovers up to 99.8
MT/day of pure distilled
water; zero well draw.

Non-explosive liquid;
operates below
OSHA/EPA HazMat
audit limits.

Delivers complete,
root-targeted liquid
crop nutrition with 0%
runoff.



Eden Il Initiative

SAFETY & THERMODYNAMIC INTEGRITY

e IEC 61508 / SIL-3 Failsafe Architecture: Multi-tiered safety layers feature an
autonomous high-pressure nitrogen purge (drawn natively from the container's
air separation unit), vertical emergency rupture stacks, and an active acidic wet
scrubber that instantly neutralizes fugitive vapors without releasing an external
plume.

e Anisotropic Thermal Isolation: Directional HYG-TP-200 bulkheads

(kay > 1,500 W/m-K g k. < 80 W/m - K)
create an impermeable thermal barrier between the 400°C process bay and the

onboard compute/battery enclosure, ensuring cold-bay components remain
below 35°C even in 45°C ambient field environments.
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