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INTRODUCTION: Lunergy is a proposed utility to deliver continuous, utility-grade

SYSTEM ARCHITECTURE OVERVIEW
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FSP GENERATION

Fission Surface Power provides
continuous baseload power
independent of illumination.
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Vertical Solar Array Technology
supplements power when
illumination is available.
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PTC SUBSYSTEM

Power Transformation & Conditioning | S

regulates power quality and
steps up to 210 kV DC.
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ENERGY STORAGE (ESS)
Hybrid storage with Regenerative
Fuel Cells (RFC) for capacity and
Li-ion batteries for transients
and grid support.
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MWPT DELIVERY
Microwave beams deliver power

! to distant or PSR customers.

Rectennas convert RF to DC.
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POWER NODE (SERVICE UNIT)
Local interface to the HVDC
backbone providing conversion,
protection, metering and

wired or wireless distribution,
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COMMAND, CONTROL & SAFETY
Continuous monitoring, health
management, and autonomous
operations with Earth oversight.

STAGE 0
PRE-DEPLOYMENT

i

Design, test, and integrate
subsystermns on Earth.
Validate performance and
mission readiness.
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MISSION OUTCOME

POWER NODE -~ .

| SERVICE UNIT

ZONE 1 - RIDGE / NEAR-FIELD
Wired DC Distribution to Local Customers

STAGE 1
DEPLOYMENT & EMPLACEMENT

L2

Robatic systems deliver and
emplace FSP units, HVDC
backbone, ESS, and initial
Power Nodes to establish
the first service zone,
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STAGE 2
NOMINAL OPERATIONS (IOC)

Celiver ~100 kWe coentinuously.

EMS manages dispatch, storage,

and loads across service zones.
Power Modes provide wired and
MWPT delivery with load prioritization.
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MWPT Delivery to Rernote or PSR Customers

OPERATIONAL PHASES

SOLAR SUPPLEMENT (VSAT)

' ZONE2-DISTANT/PSR |

LUNERGY CONOPS

Continuous Power. Anywhere on the Lunar South Pole.

1

=4 Waste heat from FSP is transported via
heat pipes/fluids to high-radlative-capacity
1 radiators located in nearby PSRs.

FSP COOLING - RADIATORS |
IN NEARBY PSRs

Wired and/or MWPT to Industrial Customers

+ Continuous baseload power from FSP

= High-efficiency 210 kV HVDC backbone

* Hybrid wired and MWPT distribution

= Modular Power Nodes define service zones
« Hybrid energy storage for resilience

+ Future thermal energy utilization

* Robotic operations with Earth oversight

« Scalable from ~100 kWe to 200 kWe+ and beyond

oower (100 kWe, Phase 1) using Fission Surface Power (FSP), a10 kv DC (HVDC)
nackbone and Microwave Power Transmission(MWPT) to serve both ridge and
nermanently shadowed region (PSR)customers.

KEY CHARACTERSTICS
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THERMAL ENERGY UTILIZATION (FUTURE PHASES)

Byproduct heat from FSP can be captured and
deliverad for ISRU process heating, volatiles
=emoed  Extraction, and habitat thermal management.
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STAGE 3
GROWTH & EXPANSION .

Add FSP units, ESS capacity.
HVDC segments, and Power Nodes.
Expand service zones, increase
capacity (2200 kWe+), and extend
MWPT coverage.

FUTURE PHASES
THERMAL UTILIZATION

Capture and deliver thermal energy
far ISRU and industrial processes,
improving efficiency and creating a
secondary revenue stream.

Electrical Power (210 kV DC)
Local DC Distribution
------- MWPT (Microwave)

== == == Thermal Energy (Heat Transfer)
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ESS (RFC + Li<ion)

Power Node (Service Unit)
Customer [(Wired)
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Rectenna (Receiver)
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Lunergy establishes a scalable, resilient, and efficient power utility for the lunar south pole—
enabling sustained human and robotic operations today and supporting the growth of a lunar economy tomorrow.

QLUNERGY

POVWERING THE FUTURE QM THE MOON

Siting Rationale: Shackleton Crater Rim

1) The first consideration to drive siting at Shackleton is the solar resource. Literature and topology studies identify persistent illumination zones on the
Shackleton rim where average annual illumination exceeds 80% over multiyear cycles, with maximum continuous shadow intervals on the order of three
to five days rather than the equatorial 14.5-day lunar night (Nasa LOLA, 2023).

2) The second is the In-Situ Resource Utilization (ISRU) feedstock. The permanently shadowed regions at the Shackleton interior contain confirmed
water-ice deposits, providing the feedstock for the propellant production, life support, and industrial chemistry that drive Tier 1 and Tier 2 demand. ISRU
operations cannot be relocated to the equator; they must be sited where their feedstock exists.

3) The third is the demand co-location. The Artemis Base Camp, the published manifests of NASA Commercial Lunar Payload Services (CLPS) class commercial
landers, the SpaceX Moon Base Alpha plan, and the published trajectories of all major commercial lunar proposals concentrate at the lunar south pole. Co-
locating Lunergy with this concentrated demand minimizes both transmission loss and customer integration cost. The HVDC backbone is sized for a 5 km
Phase 1 service radius, extensible to 100 km in Phase 2, with MWPT extending service into permanently shadowed regions and to mobile assets without
additional buried cable.

1 — Early habitat & pilot ISRU

Phase

2 — Scaling ISRU & mining

3 — Industrial build-out (Gen 2)

4 — Mature operations (Gen 3)

Center for Space Resources

Years
1-4
5-9

10-16

17-30
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Phased Deployment Schedule

Capacity

1 block, 200 kWe

0 blocks, ~1.1 MWe

11 blocks, ~2.2 MWe

20 blocks, ~4.7+ MWe

_+_

Tariff

$350/kWh

$175/kWh

100-75/kWh

60-50/KkWh

Lockheed Martin concept for a lunar nuclear reactor (100 kWe?) [4][5]

This proposal has a mass less than 15 MT. Note that the last US nuclear reactor
flown in space was SP 10A, in 1965

Proposed microwave wireless transmission device for power beaming
to remote sites [3]

Primary Power Generation DETs

TEST NAME TEST OBJECTIVE TEST ARTICLE POTENTIAL FACILITIES
SYSTEM: MWWPT POWER SUPPLY
Measure Voltage and Assum? LR-1 PLANET (Planetary Lunar and
reactor is 20 k\We . .
LR-1 Lunar Current produced, Asteroid Natural Environments
. follow on from 3SR-1
Power Supply | under simulated lunar 20 kWe (Kratsios Testbed) scheduled for customer
Production vacuum, temperatures access, mid-2024: Testing in these
and dust 2026), (NASA 1 can raise TRL (Hayward, 2023)
March 2026) yward,
TRANSMITTER SUBSYSTEM
Anechoic chambers measures
Measure beam node . . .
Phased Arra structure, transmission beam forming and dispersion; IEEE
Anerture y distaﬂce’dis ersion. and Phased Array standards include ANSI/IEEE 5id
pertre persian, Aperture 149-1979: IEEE Standard Test
Transmission | power transmitted in
. Procedures for Antennas (IEEE
earth environment
2022)
Earth-based test range, adjusted
Phased Array Phased Array for atmospheric dispersion;

Transmitter
effective range

measure transmission

Transmitter

PLANET or similar measure
transmission under simulated
lunar conditions

Mass of Phased
Array
Transmitter

Measure system mass
after estimating with
numerical modeling

Phased Array
Transmitter
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A Few Basic Concepts: Energy Density and Population Potential

Energy Flux Density

Energy Density and Energy Flux Density are Keys to Successful Development of the near Solar System and Ensure
Growing Relative Potential Population Density.

Energy sources must offer high power-to-weight ratio, ability to withstand delivery, years of maintenance-free
service, steady supply, increased surplus energy of the system (thermodynamic efficiency), durability in the
Lunar environment, and modularity.

Energy Density can be measured in kWe/kg. Energy Flux Density is a different construct. Itis a measure of the
organization of the energy supplied. One day, a high-temperature fusion plasma lunar reactors will have higher
energy flux density than nuclear fission power plants with the same power output.

Energy Density and Energy Flux Density

Energy Density and Energy Flux Density are the Keys to Successful Development of the near Solar System
and Ensure Growing Relative Potential Population Density. The Moon currently supports no human
populations with in-site resources or development. Large amounts of power will be needed quickly for
construction of tunnel and underground spaces, as well as the Lunar economy in general.

Relative Potential Population Density is a measurement of the amount of land, with physical improvements,
that can support a given number of people. Energy sources must be sufficient to support a growing
scientifically and industrial population. [2]

We propose that Lunergy’s architecture is a step towards growing mankind’s relative potential population
density, a key metric for a successful lunar physical economy.

Headline Financial Metrics — V33 Base Case

After-Tax

Internal Rate of Return 16.87% 25.84%

NPV at WACC (10.99%) $3.32 B $6.09 B
Levelized Cost of Energy (DOE/EIA discounted) $73.60/KWh —
Payback Period Year 13 —

Equity IRR (post-debt-service) 15.68% 23.67%
Min DSCR (debt years 3-17) 4.56 X —

Tax Shield NPV — $2.77 B

Terminal Value (Year 30, 10x EBITDA - $455M) $42.6 B $42.6 B

P(IRR > WACC), 10K-iter Monte Carlo 85.5% 85.5%

Total Revenue (30-year) $77.4 B $77.4 B

CLOSING SUMMARY: Lunergy represents a fundamental shift in how lunar surface
power is conceived: from a mission-specific support function to shared civil
infrastructure. Sustained lunar activity will require more than independent landers,
habitats, and science payloads operating on isolated power systems. A durable lunar
economy depends on common utilities that reduce duplicated mass, simplify
mission design, and enable operators to focus on exploration, science, construction,
resource extraction, and industrial output rather than power generation.
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