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ABSTRACT 

 

The establishment of sustainable human presence on the Moon requires the development of robust and adaptive 

infrastructure capable of supporting scientific, industrial, and long-term habitation activities. This review examines the 

current state and prospects of lunar infrastructure systems, encompassing power generation and storage, habitat 

construction, in-situ resource utilization (ISRU), transportation networks, life-support systems, and communication 

architectures. Emphasis is placed on the integration of local resources such as regolith and solar energy to minimize 

Earth dependence, alongside innovative technologies like additive manufacturing, autonomous robotics, and modular 

construction. Significant infrastructure is required to establish a long-term presence of humans on the lunar surface.  

 

In-situ resource utilization (ISRU) is a fundamental approach to ensure the viability of such construction. Here, we 

investigate the feasibility of constructing blast shields as one example of lunar infrastructure using unprocessed lunar 

boulders and an autonomous robotic excavator. Existing terrestrial analogs and current lunar mission proposals are 

compared to show the viability, difficulties, and technological readiness gaps. Critical design issues for resistance 

against lunar hazards, including dust contamination, radiation, heat extremes, and micrometeoroid impacts, are also 

covered in the paper. In order to develop scalable lunar infrastructure as a basis for continued exploration, scientific 

advancement, and ultimate expansion toward Mars and beyond, this article combines diverse viewpoints to identify key 

enablers, limits, and future directions. 

 

Keywords: Lunar, ISRU, Infrastructure, Architecture, Construction, Lunar Environment, Material Selection, Site 

Selection. 

 

INTRODUCTION 

 

The Moon has reemerged as a focal point for international space exploration, scientific investigation, and commercial 

development. Following decades of conceptual studies and renewed interest from governmental and private entities, the 

vision of establishing a sustained human presence on the lunar surface is transitioning from aspiration to engineering 

reality. Unlike the brief Apollo-era visits, future missions will require robust infrastructure to support long-duration 

stays, complex operations, and the growth of lunar industries. Infrastructure on the Moon is not limited to habitats but 

encompasses an integrated network of systems that enable survival, productivity, and expansion in an extreme 

extraterrestrial environment. 

 

The unique lunar environment presents both opportunities and challenges. Abundant solar energy, strategically located 

permanently shadowed regions containing water ice, and vast regolith deposits provide resources that can be harnessed 

for in-situ resource utilization (ISRU). However, the Moon also poses harsh conditions, including vacuum exposure, 

high radiation levels, micrometeoroid impacts, wide thermal fluctuations, and pervasive dust. Overcoming these 

constraints requires infrastructure that is both resilient and adaptable. 

 

Any significant infrastructure architecture now being developed for the lunar surface aims to support sustainable 

operations there. Operations needed for sustainability include construction using lunar resources, generating and 

transporting reliable electrical power, and implementing repeatable cargo transfer procedures. When building 

sustainable infrastructure, the first stages call for a supporting framework that offers. Capabilities for crew housing and 

freight transfer. This system should provide for flexible operational needs while minimizing footprint and cost. 

 

Establishing a sustainable human presence on the Moon and laying the groundwork for the first human journey to Mars 

will need permanent lunar infrastructure [1].  Frequent spacecraft landings and launches as part of initiatives like 

Artemis [2] would continuously discharge dust and other tiny particles, posing a serious threat to such infrastructure 

and the lunar environment [3, 4]. Parts of the Surveyor III lander that had been damaged by debris blasted off by the 

Apollo 12 module during touchdown were returned to Earth by the Apollo 12 astronauts, marking the first instance of 
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the severe, harmful nature of blast-debris [5].  Previous studies have recommended landing pads and blast shields to 

reduce blast damage [8, 9] because the SpaceX HLS (Human Landing System), which was chosen for the first crewed 

missions to the Moon [6], is anticipated to physically impact the environment hundreds or even thousands of meters 

away from the landing site [7]. 

 

Lunar Base Mission Architecture and Construction Planning 

 

Although numerous studies have attempted to outline a workable space mission architecture for a long-term lunar 

program, none of them have proven to be viable.  Nonetheless, the body of knowledge produced by these investigations 

has advanced the field and continues to influence the choices and tactics being made for the Artemis program. The 

majority of this research concentrated on the features of human space travel to the Moon and Mars, including landing 

and launch.  The surface operations and surface systems that will be necessary to survive and flourish on the waves for 

extended periods of time—first months, and later years of permanent presence—have received very little consideration. 

A good system architecture should be guided by the end state of a lunar base, which involves daily surface operations 

by crew, robots, and equipment to explore, conduct science, gather resources, process resources, create economic value, 

and improve human condition. This is because a fundamental aspect of systems engineering is to begin the design 

process with the basic needs and end state in mind. 

 

Surface infrastructure needs for a lunar base can be functionally categorized as follows: 

 

Table 1. Lunar Base Surface Infrastructure Function [10, 11]. 

 

Landing/Launch Radiation Protection 

Lander Servicing Meteorite Shielding 

Propellants Management Moonquake Mitigation 

Power Science Activity Stations 

Communication Resource Mining/Utilization 

Habitation Regolith Operations/Hauling 

Life Support & Consumables Logistics Management 

Transportation Excavation & Construction Services 

Extreme Access Dust Management 

Thermal Management Maintenance/Repair/De-commission 

Extra-Vehicular Activity (EVA) Waste Management 

Food Production Crew Health 
 

Lunar Environment 

 

Environmental Conditions 

 

1. Gravity 

Gravity on the Moon is 1/6 g.  This implies that a structure's gross weight-bearing capacity on the Moon will be six 

times that of a structure on Earth, and that structural dead loads will be five times lower than those on Earth.  To 

optimize the usefulness of concepts created for lunar structure design, mass-based criteria are recommended over 

weight-based ones [12]. 

 

2. Internal Air Pressurization 
In actuality, the lunar structure is a closed habitat that supports life. Earth's atmospheric pressure is typically the ideal 

habitat internal pressure; however, for safety concerns, the pressure difference between the habitat and the 

extravehicular activity suits should be kept to a minimum.  Similar to scuba diving, the creation and growth of gas 

bubbles in the blood and lungs is a hazardous consequence of fluctuating pressures.  To ensure a habitable environment 

for the astronauts, NASA programs have historically used internal pressures ranging from 34.5 kPa ~5 psi; 21,300 

kg/m
2
 on the Moon to 101.4 kPa ~14.7 psi; 62,600 kg/m

2
. 

 

There is a reciprocal relationship between the pressure in the housing module and the pressure in the EVA space suits.  

Because the gloves become more flexible when lower pressures are used, EVA output rises.  "Elrod 1995."  Low 

pressure also reduces the effectiveness of astronauts' cough and voice mechanisms and raises the risk of a fire.  The 

actual habitat pressure is predicted to be approximately 69 kPa, or 10 psi, or 42,600 kg/m
2
.  This pressure must be 

contained by the enclosure structure, which also needs to be built to withstand catastrophic and other decompression 

scenarios. 

https://creativecommons.org/licenses/by-nc/3.0


International Journal of Engineering Fields (IJEF) 

Volume 3, Issue 3, July-September, 2025 

Available online at: https://journalofengineering.org 

This is an open access article under the CC BY-NC license. 

 

11 

3. Radiation/Shielding 
The ability of the structure to protect against the various dangers present on the lunar surface—continuous solar and 

cosmic radiation, meteoroid impacts, sharp temperature swings, and radiation—is a key design factor. 

 

On the lunar surface, ionizing and electromagnetic radiation are the two types of incoming radiation.  The penetration 

depths of these particles range from micrometres to meters due to their various interactions with the Moon.  Any 

dwelling on the lunar surface will need to be shielded from three types of ionizing radiation in space:  solar wind, solar 

Galactic cosmic radiation, and cosmic rays.  Meteoroids are tiny, solid bodies that travel naturally at extremely high 

speeds through space.  

 

4. Vacuum 
The Moon is surrounded by a harsh vacuum.  This will make it impossible to employ some materials that might 

become unstable under such circumstances.  It is necessary to avoid outgassing structures and materials, such as 

hydraulic systems.  No wind loads of any kind will be applied to a lunar building. 

 

5. Dust 
A layer of small particles covering the lunar surface is easily broken up and suspended.  These particles are extremely 

abrasive, adhere to all surfaces, and present significant difficulties for the operation and upkeep of airlocks as well as 

the use of construction equipment [13,14]. 

 

6. Moonquakes 
The Moon has little to no seismic activity.  As a result, earthquake-like loads will not be incorporated into lunar 

structure design. 

 

7. Temperature 
In roughly two-week cycles, the lunar surface's temperature rapidly fluctuates between 100 and -150°C during the day-

night transition. 

 

Structural Requirements 

 

1. Adequacy of Structure  
All dead and live loads must be supported by the structure with a sufficient level of safety. There should be as little 

structural material as possible. Lightweight materials with a good stiffness-to-weight ratio must be used. 

 

2. Material Properties 
High strength, ductility, durability, stiffness, resistance to tearing and punctures, and minimal thermal expansion are all 

desirable qualities for materials used in lunar construction. Low leakage and the stability of these mechanical 

characteristics are crucial. 

 

3. Maintenance 
There must be as little upkeep, inspection, maintenance, and repair as possible. 

 

4. Functionality 
The habitat will effectively and affordably accommodate and sustain the operations for which it is intended if the 

internal volume to usable floor area ratio is modest. 

 

5. Compatibility 
The structure needs to be made compatible with other support systems, heat management, rejection, and the inside 

environment. 

 

6. Transportation 
Transportation expenses and volume are reduced by a small stowage volume and light mass. 

 

7. Ease of Construction 
 

Given the remote location of the moon and the high expense of launches from Earth, it is recommended that lunar 

constructions be made as simple as possible to reduce the astronaut construction team's EVA.  To reduce local 

fabrication and the amount of construction equipment required, construction components must be useful, "easy 

connections of structural components," and, in a way, modular.  One astronaut, or no more than two, should be able to 

handle a single component.  The regolith utilized for the shielding cover can be easily handled and moved by bagging 

it.  Although they are desirable, robotic and automated construction techniques are not likely to be available very soon. 
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8. Excavation 
Because of the regolith locking nature and lack of traction, grading and excavation are challenging and costly.  It is 

necessary to find design solutions that minimize excavation.  One way to stop excavation could be to utilize footing 

pads. 

 

9. Foundation 
In the beginning, large and intricate foundations will not be possible.  This is because large construction equipment is 

costly to use and transport, and the mechanics of regolith and soil are still poorly understood.  For early applications, 

footing pads might be the answer once more. 

 

10. Use of Local Material 
In the long run, this should be seen as being of utmost importance for alien colonization.  However, until a small 

presence on the Moon has been established, viability will need to wait. 

 

Material Selection 

 

For design work that goes beyond the idea, choosing an indigenous material is unavoidably a somewhat subjective 

process. This is due to the lack of lunar construction and the difficulty of replicating the lunar environment on Earth. As 

a result, there is no working experience with native materials in a lunar setting.  It is necessary to generalize theory, lab 

findings, and terrestrial experience to the Moon.  At its most dangerous, such extrapolation carries a high risk of 

missing an important detail or running into the completely unexpected. 

 

A process for evaluation has been suggested [15]. There most likely isn't a single ideal native building material that 

combines all the advantageous features. Out of all the native materials, cast regolith seems to offer the best mix of 

production qualities and substance. 

 

Site Selection 

 

The emphasis or justification of the base and the power supply technique will have a significant impact on the choice of 

a lunar base location.  For instance, it would be necessary to guarantee that the location has the necessary resources if 

the base's primary focus were ISRU.  Additionally, certain scientific objectives can necessitate using distinct lunar 

surface locations.  The primary concerns will be (a) polar versus non-polar / equatorial location and (b) far side versus 

near side/limb site, to simplify the selection categories.  At non-polar locations, solar power is practically hard to use 

due to the need for energy storage for the roughly 14-day lunar night, at least with present energy technology. This 

problem could be solved through the application of nuclear power supply systems. Continuous solar power supply may 

be provided in some permanently lighted areas that probably exist on some mountains in the lunar south polar region. 

Other technical site selection criteria include surface topography, site accessibility, lighting requirements, surface 

temperatures, as well as communication and tracking 

 

requirements [16].  A key component of maintaining human presence beyond Earth is the construction of lunar 

infrastructure.  Future lunar communities must incorporate robust systems that can sustain habitation, science, resource 

extraction, and industrial operations under harsh climatic conditions, in contrast to the short-term Apollo-era missions.  

Power generation, habitat development, mobility systems, manufacturing, communication, and environmental 

preservation are all aspects of the intrinsically multifunctional nature of lunar infrastructure.  The technological 

underpinnings and recent developments in each field are reviewed in this section. 

 

1. Power System 

The availability of power is essential to all lunar operations.  With plans for Artemis surface assets and legacy from 

Apollo surface experiments, solar photovoltaic (PV) systems are currently the most developed option.  Semi-

continuous solar illumination is provided by the lunar poles, especially the so-called "peaks of eternal light" [17].  To 

optimize exposure, vertical solar towers and lightweight roll-out solar arrays (ROSA) are being researched.  However, 

solar power is not enough in equatorial locations or during the 14-day lunar night. Complementary to nuclear fission 

reactors are small surface fission power devices, like NASA's Kilo power idea, which can generate 10 kW of power 

continuously for up to ten years [18].  For filling power shortages, energy storage technologies such as molten salt 

storage, regenerative fuel cells, and lithium-ion batteries are essential.  The most robust strategy is thought to be hybrid 

systems that combine nuclear and solar energy [19]. 

 

2. Habitats and Life Support 

High radiation (≈380 mSv/year), micrometeoroid impacts, and heat extremes ranging from –173 °C at night to 127 °C 

during the day are only a few of the threats that surface habitats must endure [20].  Shelters covered with regolith, 

inflatable structures, and rigid modules have all been suggested.  Expandable modular pressurized shelters are the goal 
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of NASA's Artemis Base Camp [21]. Lava tubes are excellent options for long-term settlements because they offer 

natural shielding, which reduces radiation exposure by an order of magnitude [22]. With the recycling of waste, water, 

and air, life support systems are moving toward closed-loop Environmental Control and Life Support Systems 

(ECLSS).  Partial food autonomy is being investigated through the use of hydroponics or algae in bioregenerative 

systems [23]. 

 

3. Transport & Mobility 

Logistics and crew exploration are made possible by mobility infrastructure. The Apollo Lunar Roving Vehicle and 

other unpressurized rovers proved feasible.  Pressurized rovers that can support multi-day trips, like Toyota's Lunar 

Cruiser and JAXA, are examples of modern designs [24]. Robotic transporters for building materials and cargo haulers 

are also necessary for surface logistics. In order to avoid regolith ejecta during descent and ascent operations, dust-

mitigating landing pads are essential [25]. The Gateway will act as a logistical center in lunar orbit, facilitating cargo 

staging and crew transfers for surface operations [26]. 

 

4. Construction & Manufacturing 

Because of the high cost of launch and the limited availability of materials, traditional Earth-based construction is not 

feasible on the Moon.  By using in-situ resource utilization (ISRU), metals, hydrogen, and oxygen can be extracted 

from polar ice and regolith.  Experiments are being conducted to produce oxygen by carbothermal reduction and 

molten regolith electrolysis [27]. The use of regolith simulants in additive manufacturing (3D printing) has shown 

promise for building landing pads, highways, and structural components.  Microwaves have been used in ESA's 

REGOLITH 3D printing project to create virtual bricks [28].  These initiatives rely heavily on autonomous robotic 

technologies, which lessen astronaut workload and allow pre-deployment construction before crew arrival. 

 

5. Communication & Navigation 

Crew safety and mission success depend on effective navigation and communication.  The direct-to-Earth line-of-sight 

connectivity used by current technologies is constrained at the far side and polar regions.  Operational capability has 

previously been shown by relay satellites in lunar orbit, such as Queqiao, which CNSA deployed for Chang'e missions 

[29]. With a constellation of tiny satellites, the lunar positioning system (LPS), an analog of GPS, is intended to 

provide navigation precision of less than 10 meters in future lunar infrastructure [30].  Scientific payloads, tele-

robotics, and high-data-rate operations will all be supported via surface networks (wireless mesh or laser optical 

communications). 

 

6. Environmental Protection and Resilience 

One of the biggest risks to electronics and human health on the moon is still radiation.  Water walls, hydrogen-rich 

polymers, and regolith-based berms (about 2–3 m thick) are examples of shielding techniques [31].  Because lunar 

regolith is extremely abrasive, electrostatically charged, and can harm seals, optics, and lungs, dust prevention is 

equally important [32].  Surface coatings, mechanical brushing, and electrostatic dust repellents are among the 

solutions. To balance drastic temperature swings, thermal management technologies are needed, such as phase-change 

materials, radiators, and insulation made of regolith.  Research on integrating thermal mass storage—such as molten 

salts—with power systems is ongoing [33]. 

 

CONCLUSION 

 

Lunar infrastructure is a multi-domain challenge requiring the integration of power, habitats, mobility, construction, 

communication, and resilience systems. Advances in ISRU, additive manufacturing, and autonomous robotics will be 

pivotal in reducing Earth dependence. Future lunar bases will likely evolve through modular expansion, leveraging 

polar resources and international cooperation. Preparing for and constructing a sustainable lunar presence is the 

ultimate goal of this initial lunar infrastructure.  A simple system architecture design that can perform a number of tasks 

is the first step in this procedure.  Because these procedures must be able to be carried out easily and dependably, these 

systems will be centered on cargo and crew transfer operations.  

 

The study's subsequent phases will focus more on operational design drivers, robotic infrastructures, and intricate 

surface module design. The establishment of lunar infrastructure is a critical enabler for sustained human presence on 

the Moon. Advances in power systems, habitats, mobility, construction, communication, and environmental protection 

collectively form the foundation of long-term operations. The integration of in-situ resource utilization, additive 

manufacturing, and autonomous robotics will be essential to reduce dependence on Earth and ensure scalability. While 

significant technical challenges remain—particularly radiation protection, dust mitigation, and thermal management—

ongoing international efforts such as Artemis, Gateway, and ESA’s Moon Village illustrate a clear trajectory toward 

sustainable lunar bases. Ultimately, robust lunar infrastructure will not only support exploration and science but also 

serve as a stepping stone for future missions to Mars and beyond. 
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