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ABSTRACT

Permanent lunar infrastructure is increasingly discussed as a prerequisite for sustained human
activity beyond Earth and as a platform for a broader cislunar research architecture. This manuscript
presents a student concept paper, not a validated mission design: it does not report original experimental,
mission-operation, financial, or market data. Instead, it develops a science-led systems framework
for a permanent lunar base in which research remains the principal mission and commercial activity
is deliberately bounded to functions that support scientific continuity, safety, and infrastructure
resilience. The proposed architecture organizes the lunar base around planetary science, far-side
radio astronomy, partial-gravity human research, deep-space technology demonstration, and cislunar
operations. It integrates protected habitat clusters, clean laboratories, greenhouse modules, power and
communications infrastructure, mobility corridors, landing and cargo zones, and staged in situ resource
utilization. Helium-3 is treated as a long-term research option rather than a near-term business driver,
while lunar semiconductor and advanced-materials production are framed as staged research and pilot
manufacturing activities that require future validation of cleanliness, yield, quality assurance, supply
chains, and market demand. The central conclusion is that a permanent lunar base is most credible when
planned as a scientific outpost whose continuity is strengthened by limited services, selective high-value
manufacturing, international governance, and transparent milestone gates. Future studies should quantify
mass budgets, power flows, dust and plume hazards, radiation shielding, greenhouse performance, ISRU
energy balance, manufacturing quality, and techno-economic sensitivity.

Keywords: lunar base; cislunar economy; lunar science; in situ resource utilization; Helium-3; lunar
manufacturing; semiconductor production; space policy; systems engineering

INTRODUCTION

Humanity’s return to the Moon marks a transition
from short-duration exploration toward the possibility
of sustained extraterrestrial presence. A permanent
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lunar base would not simply extend earlier lunar surface
missions; it would require a durable institutional,
engineering, and operational model capable of
supporting repeated science, crew health, logistics,
safety, and resource-management decisions. Current
Moon-to-Mars planning and international lunar-research
initiatives make the topic timely, while also showing
why permanent presence should be evaluated through
evidence-based milestones rather than calendar optimism
1, 2).

This paper argues that the most credible organizing
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purpose is scientific. The Moon offers unique
environmental conditions for planetary geology, low-
frequency radio astronomy, human adaptation research
in partial gravity, technology demonstration for deep-
space missions, and testing of cislunar infrastructure.
NASA’s Moon to Mars architecture similarly frames the
Moon as both a scientific destination and a preparation
platform for deeper exploration (1). Figure 1 summarizes
the manuscript’s organizing logic by placing the science
mission at the center and treating infrastructure, resource
use, commercial services, governance, and validation
studies as supporting layers. By contrast, many proposed
commercial rationales depend on immature technology,
uncertain markets, and transportation costs that may
remain high for decades.

The conclusion is not that commerce is unimportant.
A permanently occupied lunar research base could benefit
from commercial logistics, power, communications,
mobility, instrument hosting, construction services, local
resource use, and limited high-value manufacturing. The
critical distinction is that commercial activity should
support and stabilize the science mission rather than
become the unsupported foundation for settlement. This
framing is especially appropriate for a student journal
concept paper because the paper can map a plausible
architecture while clearly identifying the empirical work
needed before claims of feasibility or profitability are
justified.

Framework for a Permanent Lunar Base

CONCEPTUAL APPROACH AND SCIENTIFIC
RATIONALE

Because no  historical precedent exists for a
permanently occupied lunar research base that also hosts
commercial production, the present study is a conceptual
systems analysis. It synthesizes published agency, policy,
and technical literature and uses scenario reasoning to
identify plausible architectures and decision gates. It does
not present original field measurements, prototype-test
results, cost estimates, or market forecasts. Quantitative
values, where mentioned, should be interpreted as
planning envelopes for future sensitivity analysis rather
than as verified engineering baselines.

The framework uses five planning layers. The first
layer is mission purpose: planetary science, astronomy,
human research, and technology demonstration. The
second layer is infrastructure: habitats, power, life
support, laboratories, communications, mobility, and
construction. The third layer is resource use: water,
oxygen, regolith-derived materials, metals, and possible
long-term Helium-3 research. The fourth layer is
economic support: public anchor funding, commercial
services, selective high-value manufacturing, and
data or intellectual-property markets. The fifth
layer is governance: safety, resource use, scientific
access, environmental stewardship, and international
coordination.

Science Drivers
planetary geology

radio astronomy
human research

Base Infrastructure
habitats, labs, power,
communications, mobility

Resource Use
water/oxygen tests

regolith processing

local construction

Permanent Lunar
Science Base

Governance & Safety
resource rules
science protection
risk controls

Commercial Support
logistics, cargo, power,
data and instrument
services

Future Validation
mass, energy, dust,
market and legal
studies

Figure 1. Science-led conceptual framework for a permanent lunar base. The diagram places scientific research as the central
mission purpose and shows how habitats, power, communications, mobility, resource use, manufacturing pilots, governance,
and commercial services function as supporting layers. It is a conceptual planning model and not a validated engineering

design or business forecast.
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Table 1. Scope and boundary conditions for the concept paper, defining what is evaluated conceptually and what must be reserved

for future quantitative validation.

Category Treatment in this manuscript

Why this boundary matters

Science value Primary planning driver

Engineering design Conceptual architecture and
subsystem requirements

Business case Qualitative and scenario-based

reasoning
Helium-3 Long-term research contingency
Semiconductors Staged research and pilot
manufacturing pathway
Governance Policy architecture and risk framing

Provides public value even before large lunar commercial markets
exist.

Detailed CAD, thermal models, mass budgets, and reliability block
diagrams are future work.

No mature market currently validates lunar surface services or
lunar-manufactured exports.

Fusion demand, extraction scale, and economics remain speculative.

Full lunar fabrication requires cleanliness, metrology, supply chains,
and quality assurance not yet demonstrated.

Treaty interpretation, resource rules, safety zones, and scientific-

access norms continue to evolve.

Scientific rationale

The strongest near- and medium-term justification for
a permanent lunar base is scientific. The lunar surface
preserves geological records that have not been erased
by plate tectonics, liquid water, or dense atmospheric
weathering. Repeated drilling, sample curation,
geochronology preparation, volatile preservation, and
traverses from a permanent facility could produce
scientific returns that are difficult to obtain through short
robotic visits alone.

A second scientific driver is far-side radio astronomy.
The lunar body shields the far side from terrestrial radio
interference, making it attractive for low-frequency
observations that are difficult from Earth because of
the ionosphere and human-made radio noise. Concepts
such as the Lunar Crater Radio Telescope and FarView
array illustrate the promise of far-side observatories
but also show why electromagnetic quiet zones and
relay communications would need to be planned before
intensive surface development (3, 4).

A third driver is human research in partial gravity.
Lunar gravity, approximately one-sixth of Earth’s, is
neither Earth-normal gravity nor microgravity. Long-
duration residence would help determine how human
musculoskeletal, cardiovascular, neurovestibular,
immune, and behavioral systems respond to partial
gravity and isolation. NASA’s Human Research Program
identifies altered gravity, radiation, isolation, distance
from Earth, and closed environments as major human-
spaceflight risks, and partial-gravity health effects
remain a major uncertainty for future lunar and Mars
missions (5, 6).

Finally, the Moon is a practical proving ground for
Mars-relevant technologies. Dust mitigation, closed-loop
life support, surface fission or hybrid power, autonomous
robotics, regolith-based construction, teleoperation,
ISRU, fault-tolerant habitats, and long-delay logistics
can be tested under operational pressure rather than as
isolated demonstrations.

ENGINEERING ARCHITECTURE FOR A
SCIENCE-LED LUNAR BASE

A permanent lunar base should be developed as
a networked system rather than as a single isolated
structure. The preferred concept is a hub-and-spoke
architecture. The primary hub would host habitats, clean
laboratories, life-support systems, medical facilities,
greenhouses, power distribution, communications, and
local command functions. The spokes would include
landing and cargo zones, ISRU test fields, surface
mobility corridors, remote geophysical stations, naviga-
tion beacons, and far-side astronomy installations.

Site selection is the first engineering decision with
long-term consequences. A south-pole hub is attractive
because high-standing terrain may receive extended
illumination and because nearby permanently shadowed
regions may contain water ice and other volatiles.
However, polar topography, low sun angles, landing
hazards, communications geometry, traffic congestion,
and dust transport make site selection a detailed systems
problem rather than a simple preference. A mature lunar
strategy may therefore require multiple linked sites
instead of one monolithic base.
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Table 2. Scientific drivers and enabling infrastructure requirements, linking each research objective to the base systems needed to
support sustained investigation.

Scientific driver Why the Moon is valuable Enabling infrastructure

Ancient regolith and impact records may preserve
early Solar System history.

Drilling, sample curation, geochemistry labs,
traverses, and contamination control.

Planetary science

Far-side radio The lunar body shields instruments from terrestrial ~ Protected quiet zones, low-noise power, relays,

astronomy radio noise.

Partial-gravity

physiology reproduced in Earth orbit.

Deep-space technology The lunar surface combines vacuum, dust,
radiation, thermal cycling, and logistics constraints. systems, ISRU pilots, and maintenance

demonstration

Cislunar infrastructure

Long-duration exposure to 1/6 g cannot be

The Moon is reachable from Earth but
operationally distinct from low Earth orbit.

and deployable antenna fields.

Medical lab, exercise systems, dosimetry,
behavioral monitoring, and longitudinal studies.

ECLSS, robotics, surface mobility, power

operations.

Cargo handling, navigation, communications,
surface services, and relay networks.

Surface zoning should be treated as an industrial-
safety requirement. The protected habitat and clean-
science core should be separated from high-dust and high-
energy operations. Landing pads, propellant transfer,
regolith processing, mining tests, oxygen extraction,
and metals processing should be placed with sufficient
separation or shielding so that plume ejecta, dust
transport, vibration, and contamination are less likely to
compromise crew safety or sensitive instruments. Figure
2 illustrates this principle as a functional zoning concept
rather than a site-specific construction plan.

Habitation, life support, and crew health

Human habitation is the operational and ethical core
of the base. Early habitat clusters should include private
crew quarters, common areas, exercise equipment,
hygiene systems, medical and telemedicine facilities,
maintenance bays, spare-parts storage, suitports,
airlocks, and a radiation storm shelter. Early crew
sizes of four to eight are practical for planning; larger
populations should depend on demonstrated logistics,
power, emergency, and medical capacity.

Radiation, micrometeorites, and thermal cycling

Solar Array Ridge
extended illumination
power + storage

Greenhouse + Utilities
food, water cycling,
thermal management

Landing & Cargo
Zone
plume/dust setback

power/comms

robotic off-load

dust/plume buffer

Protected Core
Habitats + clean labs
medical + storm shelter

ISRU / Mining Tests
volatile prospecting
regolith processing

controlled rover
corridors

Far-Side / Quiet
Science
low-noise instruments
protected operations

Figure 2. Conceptual zoning for a lunar south-pole hub. The diagram illustrates why a concept for a lunar research base
should separate protected crew and clean-science areas from dusty, high-energy, or traffic-intensive operations such as
landings, cargo handling, ISRU tests, and mining demonstrations. The sketch is not to scale and is not a construction drawing.
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require shielding strategies that may combine
prefabricated modules, water-wall shielding, regolith
berms, covered trenches, or later sintered shells. Dust
should be treated as a controlled contaminant. Apollo
experience and subsequent studies describe lunar
dust as abrasive, adherent, mechanically damaging,
and potentially harmful to health (7, 8). Suitports,
dust vestibules, replaceable seals, robotic exterior
maintenance, electrostatic cleaning, and strict separation
between external and internal zones should be baseline
design features.

Power, greenhouses, transportation, and communi-
cations

Reliable power is the enabling subsystem for life
support, thermal control, communications, laboratories,
greenhouse lighting, rover charging, ISRU, and manu-
facturing. Solar arrays are important, especially
near favorable polar illumination, but they should be
complemented by storage and compact fission or other
continuous baseload options. NASA’s Kilopower and
fission surface power work illustrates the rationale
for modular nuclear energy in long-duration surface
operations (9, 10).

Greenhouses should be treated as controlled-
environment  life-support  facilities rather than
glass domes. Early systems should prioritize fresh

Habitats
crew health

thermal control

charging + heat

Framework for a Permanent Lunar Base

food, crew well-being, water recycling, crop-yield
research, and biological reliability, not immediate
calorie independence. Transportation should combine
unpressurized utility rovers, pressurized science
rovers, autonomous cargo haulers, construction robots,
hardened landing pads, and marked traffic corridors.
Communications should integrate direct-to-Earth links,
relay satellites, local beacons, and eventually higher-
throughput lunar networks (11). Figure 3 summarizes the
resulting subsystem couplings and highlights why future
mass-flow and reliability validation are necessary.

RESOURCE UTILIZATION,
MANUFACTURING, AND
ECONOMIC SUPPORT

ISRU is often described as the key to sustainable
lunar settlement, but it should be understood as a chain of
operations rather than a single technology. Prospecting,
excavation, beneficiation, processing, purification,
storage, quality control, maintenance, safety, and
integration with base operations must all work reliably.
The strongest early ISRU business case may be local
use: reducing delivered mass from Earth and improving
safety rather than exporting materials to terrestrial
markets.

Water ice and other polar volatiles are high-priority

Greenhouses
food research
water cycling

/ crop 02 + food

Power

Integrated Base

ISRU

solar + storage energy Control water + water, oxygen,
fission backup demand c_m ':o oxygen regolith products
monitoring +
scheduling

samples + repairs

Mobility + Labs

rovers, samples,
field science

waste streams

Waste Recovery

air, water,
nutrients

Figure 3. Coupled power, life-support, greenhouse, ISRU, mobility, laboratory, and recovery loops. The diagram shows that
energy, water, oxygen, waste recovery, crew time, mobility, and maintenance are interdependent rather than separate design
problems. Relationships are conceptual and require future mass-flow, energy-flow, and failure-mode validation.
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Table 3. Core system architecture and validation needs, summarizing major subsystems and the evidence required before each

could be scaled for sustained use.

System Conceptual role

Key validation need

Habitat core
shelter, and maintenance.

Clean science zone

Power system
supporting all critical loads.

Greenhouse/ECLSS
research, and crew well-being.

Transportation/mobility
traverses, and emergency rescue.

ISRU/construction
shielding, and spare parts.

Crew living, medical care, command, storm
Sample curation, life sciences, geology,
materials research, and instrument support.
Solar, storage, and baseload generation
Fresh food, air and water coupling, biomass

Cargo movement, construction, science

Water/oxygen/materials pilots, landing pads,

Pressure integrity, radiation shelter performance, fire
safety, emergency procedures, and crew habitability.

Contamination control, vibration limits, cleanroom
performance, and sample-chain protocols.

Critical-load availability under eclipse, dust, faults,
and maintenance scenarios.

Crop yield per kWh and liter of water, microbial
stability, and safe integration with habitat atmosphere.

Rover reliability, dust effects, rescue range, precision
landing support, and cargo offload performance.

Energy balance, feedstock variability, quality control,
robotic maintenance, and operational safety.

targets because water can support crew life, radiation
shielding, thermal control, oxygen production, and
eventually  propellant  demonstrations. = However,
accessible concentration, physical form, extraction
energy, and retention losses must be validated through
ground truth. Oxygen extraction from regolith is also
strategically important, with studied methods including
hydrogen reduction, carbothermal reduction, molten
regolith electrolysis, and molten salt electrolysis (12-14).
Construction materials may be the first broad ISRU use
because sintered regolith, berms, landing pads, roads,
and shielding do not need to be exported.

Helium-3

Helium-3 is often invoked as a future lunar energy
resource because trace quantities are implanted in the
regolith by the solar wind. Its distribution depends on
regolith maturity, depth, titanium content, solar-wind
exposure, and retention efficiency (15,16). A cautious plan
should treat Helium-3 as a long-term research option.
Early work should map concentrations, test small-scale
release and gas-capture methods, and explore whether
recovery can occur as a byproduct of high-throughput
regolith processing. It should not be presented as a near-
term revenue anchor because commercial Helium-3
fusion demand, extraction scale, processing cost, and
transport economics remain unproven.

Manufacturing and semiconductor research
Lunar manufacturing should begin with local-use
products and small, high-value pilots. Plausible early

outputs include sintered regolith pads, shielding blocks,
simple spare parts, structural elements, specialty
glass, optical or photonic components, radiation-hard
packaging, and semiconductor substrates. Space-based
optical fiber and semiconductor studies suggest that non-
terrestrial environments may be valuable for selected
high-value materials, but most evidence comes from
orbital microgravity rather than the lunar surface (17,18).
Lunar gravity, dust, radiation, limited crew time, and
incomplete supply chains introduce different constraints.

A full terrestrial-style chip fabrication plant on
the Moon is not a credible early objective. Modern
semiconductor fabrication requires ultrapure water,
gases, chemicals, photoresists, masks, lithography tools,
metrology, stable power, vibration control, cleanrooms,
replacement parts, and extensive workforce expertise.
A defensible lunar chip-production plan would therefore
proceed in stages: materials characterization, substrate
preparation, packaging experiments, radiation-hard
component testing, photonic or sensor-device pilots,
and only later more complex semiconductor processes
if product quality and demand justify them. Figure 4
presents this staged pathway and emphasizes validation
gates for cleanliness, yield, quality assurance, and
demand.

Economic support model

A permanent lunar base is unlikely to be credible as
either a purely public program or a purely commercial
venture. A hybrid model is more defensible: governments,
universities, and international science agencies act
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regolith srell eesEns pads + photonic parts certification
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Caution: a full lunar semiconductor fabrication plant would require cleanrooms, ultrapure inputs, lithography,
metrology, stable power, maintenance logistics, and a proven market.

Figure 4. Staged research pathway for lunar manufacturing and semiconductor-related production. The sequence begins with
Earth-based analog testing and lunar materials characterization, then moves toward local-use products, specialty devices,
and only later a scale decision. Advancement should depend on measured cleanliness, energy balance, yield, certification,
supply-chain feasibility, and customer demand.

Table 4. ISRU and manufacturing portfolio for staged evaluation, distinguishing local-use products from speculative export
products and identifying the main evidence still required.

Resource or product

Near-term purpose

Major constraint

Recommended treatment

Water ice/volatiles

Regolith oxygen

Sintered regolith

structures

Helium-3

Specialty materials

Semiconductor-related
products

Life support, shielding,
electrolysis, propellant
demonstrations.

Breathing oxygen and oxidizer
production.

Landing pads, roads, berms,
shielding, and foundations.

Scientific mapping and
possible byproduct recovery
research.

Optical, photonic, glass,
substrate, and space-rated
materials.

Substrates, packaging, testing,
radiation-hard devices, and
niche components.

Ground truth, excavation in
extreme cold, purification, and
energy cost.

High-temperature reactors, power
demand, feedstock variability, and
reactor lifetime.

Mechanical strength, thermal
cracking, dust control, and quality
standards.

Trace abundance, huge processing
scale, and absent mature fusion
market.

Yield, process control, certification,
and market demand.

Cleanliness, ultrapure inputs,
metrology, supply chain, and
reliability.

Prospect and test before
planning large-scale extraction.

Pilot at small scale with
measured kWh per kg output.

High-priority local-use
demonstration.

Long-term option; not early
revenue.

Pilot only after product-quality
evidence.

Research line before any
fabrication claim.
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as anchor tenants for public-value research, while
commercial providers compete to supply launch, landing,
communications, power, mobility, construction, payload
hosting, data services, and selected manufacturing pilots.
NASA’s Commercial Lunar Payload Services program
illustrates the service-procurement logic of buying
commercial lunar delivery rather than owning every
element of the transport chain (19).

Because this paper does not include original financial
data, revenue should be discussed qualitatively or as
future scenario work. Candidate revenue streams include
instrument hosting, remote lab access, sample curation,
communications and navigation services, cargo handling,
rover support, power-as-a-service, construction services,
ISRU-derived local products, training, licensing, and
limited high-value manufacturing. Bulk exports are
unlikely in early decades because they must overcome
transport cost, certification, reliability, and market
substitution. Commercial expansion should therefore
follow demonstrated infrastructure performance, product
quality, and customer demand.

Framework for a Permanent Lunar Base

GOVERNANCE, RISK MANAGEMENT AND
PHASED DEVELOPMENT

A permanent lunar base would operate within a legal
and geopolitical environment that is still evolving. The
Outer Space Treaty prohibits national appropriation of
celestial bodies while permitting peaceful exploration
and use, and it makes states internationally responsible
for national space activities whether conducted by
governmental or non-governmental entities (20). The
Artemis Accords provide an operational template for
transparency, interoperability, emergency assistance,
scientific data release, space-resource use, deconfliction,
and debris mitigation among participating states (21).
National legislation such as the U.S. Commercial
Space Launch Competitiveness Act of 2015 also affects
resource-use expectations for entities under U.S.
jurisdiction (22). Figure 5 connects these governance
constraints with the hybrid funding and risk-control logic
proposed in this manuscript.

Governance should protect science as well as safety.

4 N 4

Public Science Commercial Governance &
Anchor Support conteicts ¥ Risk
demand
agencies cargo > safety zones
universities communications elrce o orde
. . . rules +
international power services limits i .
missions radio quiet rules
instrument hosting
\_ open data ) \_ ) \_conflict resolution /

Y 4 I

Outcome: sustained science-led lunar operations with bounded
commercial feedback, transparent decision gates, and managed
environmental risk.

Figure 5. Hybrid funding, governance, and risk-control logic. The figure shows how public science institutions can serve as
anchor tenants, commercial providers can supply bounded services, and governance rules can set safety, resource, radio-
quiet, and deconfliction limits. Commercial services are treated as support mechanisms for a science-led mission rather than

as the primary justification for permanent habitation.
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Table 5. Integrated risk and governance matrix, pairing major operational hazards with conceptual mitigation strategies and

governance concerns.

Risk or governance issue Primary consequence

Mitigation or policy response

Power interruption

Dust intrusion Equipment wear, health risk, seal

damage, and sample contamination.

Radiation event

Cargo delay or failure
delays, and schedule risk.

Scientific interference
sites, or sample integrity.

Resource-rights dispute
partnership instability.

Market underperformance

Loss of life support, thermal control,

communications, and science operations.

Crew health hazard and electronics upset.

Consumables shortage, maintenance

Damage to far-side astronomy, volatile

Operational conflict, access limits, and

Commercial support below expectations.

Hybrid power, baseload redundancy, load shedding,
emergency batteries, and critical-load prioritization.

Suitports, dust vestibules, robotic exterior maintenance,
traffic zoning, and dust-count monitoring.

Storm shelter, dosimetry, shielding, forecasting, and
safe-mode procedures.

Inventory buffers, multiple providers, local production
pilots, and demand prioritization.

Protected science zones, electromagnetic rules, access
protocols, and environmental records.

Transparent extraction records, safety-zone notices,
licensing, audits, and dispute resolution.

Anchor science funding, staged pilots, diversified
services, and no dependence on one speculative product.

Far-side radio astronomy can be compromised by
unregulated transmitters, poorly shielded electronics, or
uncontrolled relay operations. Permanently shadowed
regions could be disturbed before their volatile records
are characterized. Historic sites require protection.
Transparent site maps, safety zones, electromagnetic
compatibility standards, traffic rules, dust and plume
mitigation requirements, environmental records, data-
release policies, and dispute-resolution procedures should
be part of the base architecture from the beginning.

Risk management

The lunar environment forces design for graceful
degradation. Vacuum, radiation, micrometeorites,
abrasive dust, partial gravity, thermal cycling,
communications delay, limited medical evacuation, and
long resupply timelines all increase the consequences
of subsystem failure. Redundancy is necessary but
not sufficient; resilient design also requires dissimilar
backup systems, accessible maintenance, modular
replacement, spare-parts inventories, health monitoring,
autonomous diagnostics, crew training, and clear safe-
mode procedures.

Key risks include power interruption, dust intrusion,
radiation storms, depressurization, fire, rover failure,
medical emergencies, communications outage, cargo
delays, ISRU reactor faults, legal disputes, and market

failure. A science-led base should track sustainability
metrics such as critical-load power availability, dust
levels inside clean zones, radiation dose, cargo-delivery
reliability, crew maintenance hours, greenhouse stability,
ISRU energy cost, local material quality, manufacturing
yield, and scientific output per delivered kilogram.

Phased development

The base should be expanded through milestone
gates rather than calendar optimism. The first phase is
robotic reconnaissance and infrastructure certification:
topography, illumination, thermal environment, dust
behavior, volatile accessibility, = communications
geometry, and landing hazards. The second phase is
surface utilities: power, communications, navigation
beacons, landing pads, cargo handling, and emergency
stores. The third phase is a crew-tended outpost for
habitat safety, science operations, dust protocols, rover
mobility, and medical readiness. The fourth phase is
a permanent science base with continuous crews and
recurring logistics. The fifth phase is pilot manufacturing
and ISRU scaling. The sixth phase is expanded cislunar
services only if reliability, quality, market demand,
and governance acceptance are demonstrated. Figure 6
organizes these phases as validation gates, and Table 6
identifies representative studies needed before scaling.

July 2026 Vol. 4 No. 4 American Journal of Student Research www.ajosr.org 424



Framework for a Permanent Lunar Base

Precursor Surface Crew-tended Permanent Pilot Expanded
reconnaissance utilities outpost science manufacturing cislunar
base services

Site data

resource maps

Power + comms Habitat safety Continuous Quality + yield Governed
landing logistics operations metrics scaling proven
pads tests demand

Main validation evidence: power availability, dust exclusion, crew safety, logistics reliability, ISRU
usefulness, manufacturing quality, market demand, and

governance acceptance.

Figure 6. Phased development pathway and validation gates. The pathway illustrates a milestone-gated progression from
robotic reconnaissance to expanded cislunar services. Dates are intentionally omitted because phase advancement should
depend on demonstrated evidence such as site data quality, power reliability, dust control, crew safety, logistics performance,
ISRU usefulness, manufacturing quality, market demand, and governance acceptance.

Table 6. Decision gates for future validation studies, listing the minimum evidence needed before the concept could responsibly
advance from one development phase to the next.

Decision gate

Minimum evidence before scaling

Representative future study

Site certification

Power reliability

Habitat and dust safety

Logistics reliability

ISRU value

Manufacturing value

Governance acceptance

Illumination, landing, terrain, thermal, volatile,
and communications data support design
commitments.

Critical loads survive realistic eclipse, dust, fault,
and maintenance scenarios.

Pressure integrity, radiation shelter, fire safety,
and dust exclusion meet operational limits.

Repeated cargo delivery, offload, and surface
transport can support reserves and maintenance.

Local products meet quality standards at energy
and labor costs below equivalent delivered
alternatives for local use.

Product quality, yield, certification path, and
customer demand justify operation.

Safety zones, data policies, resource records, and
environmental rules are accepted by partners and
regulators.

Integrated site model using orbital, lander, rover,
and illumination data.

Power-flow simulation with storage, fission/solar
mix, and load-shedding cases.

Radiation transport, dust intrusion, airlock/suitport,
and human-health testing.

Probabilistic launch/lander model and surface
cargo-handling test campaign.

Regolith-processing, volatile-extraction, and
construction-material energy balances.

Pilot line test with defect density, metrology,
reliability, and market sensitivity analysis.

Comparative legal/policy study and international
stakeholder review.
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CONCLUSION

This manuscript intentionally takes a moderate
position. It rejects the idea that a permanent lunar base
can be justified indefinitely by public science funding
alone, but it also rejects the assumption that lunar
settlement will soon become self-financing through
large-scale mining or manufacturing. A more plausible
pathway is hybrid: science provides the durable rationale
for permanence, while bounded commercial services
and selected high-value pilots help stabilize operations,
reduce duplicated infrastructure, and create useful
economic feedback.

The most important conceptual distinction is between
local-use economics and export economics. Water,
oxygen, regolith shielding, landing pads, construction
materials, spare parts, and roads may be valuable even if
they never leave the Moon, because their value is avoided
launch mass and improved safety. Export products face a
higher bar: they must be high value per kilogram, difficult
to produce on Earth, certifiable, reliable, and supported
by customers willing to pay for off-Earth production.
This logic makes specialty materials, photonics,
radiation-hard packaging, and semiconductor substrates
more plausible than bulk commodities in early decades,
but only as staged research and pilot manufacturing.

The limitations are substantial. This paper does not
select a specific site, provide a mass budget, design
a thermal-control system, model radiation transport,
compute an ECLSS closure rate, perform dust or
plume simulations, estimate real launch costs, validate
greenhouse yields, demonstrate ISRU output, quantify
semiconductor defect density, or calculate net present
value. It also does not offer a legal memorandum or a
complete governance treaty proposal. These omissions
are not weaknesses to hide; they are the future research
agenda required to transform a concept paper into a
decision-support model.

Future work should prioritize integrated techno-
economic sensitivity analysis. Such work should vary
launch cost, cargo reliability, power availability, storage
duration, crew time, dust mitigation effectiveness, ISRU
productivity, greenhouse yield, manufacturing yield,
market price, product certification, legal constraints,
and partnership structure. It should identify which
variables most strongly affect sustainability and which
technologies must be demonstrated before permanent
occupation or commercial scaling is justified.

In conclusion, a permanent lunar base is most credible
when planned as a science-led outpost whose continuity
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is reinforced by carefully bounded commercial activity
and international governance. Helium-3 should be
studied as a long-term option, not used as an early
revenue assumption. Lunar semiconductor production
should begin as a research and pilot program, not as a
promised full-scale chip fab. Transportation economics,
power reliability, dust control, and governance will
discipline all ambitions. In this form, the Moon becomes
not merely a destination, but a responsible platform for
science, technology, and deeper exploration of the Solar
System.
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