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Abstract: 

Mars represents an important planetary environment for 

investigating habitability, environmental processes, and potential 

bio-signatures associated with extraterrestrial life. This theoretical 

study proposes a conceptual eco-friendly satellite designed to 

support the investigation of Martian atmospheric conditions, 

subsurface-water chemistry, and potential biological indicators. 

The proposed satellite integrates sustainable aerospace design 

with astrobiological exploration through a range of scientific and 

observational instruments, including imaging systems, 

spectrometers, atmospheric sensors, sounders, and navigation 

cameras. 

 

The proposed platform incorporates a lightweight structural 

concept utilizing polyethylene and aluminum-based materials, 

with a fibre-reinforced composite approach intended to improve 

structural performance while reducing overall mass. The design 

also considers the challenges associated with the Martian 

environment, including exposure to cosmic radiation and 

prolonged mission conditions. Conceptual radiation-shielding and 

self-repair mechanisms are proposed to improve structural 

resilience; however, these features require experimental validation 

before they can be considered technically validated for spaceflight 

applications. 

 

By integrating sustainable satellite engineering with planetary 

science and astrobiological investigation, the study aims to 

demonstrate how environmentally conscious aerospace 

technologies could contribute to future Mars exploration. The 

proposed design is intended to support the observation and 

analysis of Martian environmental conditions and potential bio-

signatures while promoting sustainable approaches to space 

exploration. 

Index Terms: 

Mars; astrobiology; Martian exploration; satellite technology; bio-

signatures; microbial life; subsurface water; sustainable 

aerospace; eco-friendly satellite; planetary habitability 

INTRODUCTION 

Mars is one of the most extensively studied planetary bodies in the 

search for environments that may have supported or could 

potentially support biological processes beyond Earth. Its 

geological history, atmospheric characteristics, evidence of 

ancient water activity, and potentially habitable environments 

make the planet an important target for planetary and 

astrobiological research. Investigating these characteristics 

requires the integration of multiple scientific approaches, 

including atmospheric analysis, surface and subsurface 

observations, mineralogical investigations, and the identification 

of potential biosignatures. 

 

Sustainable approaches to space exploration have also become 

increasingly important because conventional aerospace systems 

rely on specialized materials and manufacturing processes that can 

have substantial environmental and resource implications. In this 

context, the development of eco-friendly satellite concepts may 

provide an opportunity to explore alternative structural materials 

and sustainable engineering approaches while maintaining the 

scientific objectives of planetary exploration. 

 

This theoretical study presents a conceptual eco-friendly satellite 

design developed in Pakistan for supporting future Martian 

exploration. The concept is inspired, in part, by previous Mars 

exploration missions, including India's Mars Orbiter Mission 

(Mangalyaan), while extending the focus toward the integration of 

sustainable satellite engineering and astrobiological investigation. 

The proposed platform is designed to investigate Martian 

environmental conditions, including atmospheric characteristics 

and potential indicators associated with habitability and biological 

processes. 

 

The proposed satellite incorporates multiple scientific and 

observational systems intended to facilitate the collection and 

analysis of environmental information from Mars. These include 

imaging systems, spectrometers, atmospheric sensors, sounders, 

and navigation cameras. Collectively, these instruments are 

conceptually intended to support the investigation of the Martian 

atmosphere, surface environment, and potential biological or 

geochemical signatures relevant to astrobiological research. 

 

In addition to its scientific objectives, the proposed design 

addresses sustainability through the conceptual use of alternative 

materials and lightweight structural approaches. The satellite 
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structure incorporates polyethylene and aluminum-based 

materials, with a fibre-reinforced composite concept proposed to 

improve structural properties while reducing overall mass. The 

design also considers environmental challenges associated with 

long-duration Martian missions, particularly exposure to cosmic 

radiation and the need for enhanced structural durability. 

 

Because the proposed satellite is a theoretical and conceptual 

design, its proposed technologies and structural mechanisms 

should not be interpreted as experimentally validated systems. In 

particular, the proposed radiation-shielding and self-repair 

concepts require experimental testing, engineering analysis, and 

space-environment validation before practical implementation. 

Therefore, this study focuses on the conceptual integration of 

sustainable satellite engineering and astrobiological exploration 

rather than claiming a flight-ready or experimentally validated 

spacecraft. 

 

The overall objective of this research is to demonstrate how 

sustainable aerospace engineering can be integrated with planetary 

exploration to support future investigations of Martian habitability 

and potential biosignatures. Through the proposed satellite 

architecture, the study explores a multidisciplinary approach 

combining astrobiology, satellite-based observation, materials 

engineering, environmental sustainability, and planetary science. 

 

3. Research Methodology 

3.1 Research Design 

This study adopted a theoretical and conceptual research 

methodology for the development of the proposed MTRL-786 

eco-friendly Mars exploration satellite. The research integrates 

concepts from sustainable aerospace engineering, composite 

materials, planetary science, astrobiology, and satellite 

technology. The methodology focused on the conceptual selection 

of sustainable structural materials, development of the proposed 

satellite architecture, integration of scientific instruments, and 

consideration of protective technologies suitable for a Mars-

oriented mission. 

As no physical prototype was fabricated and no laboratory or flight 

testing was conducted during the present study, the proposed 

material properties, radiation-shielding mechanisms, and self-

repairing structural system are presented as conceptual 

propositions requiring computational and experimental 

validation. 

3.2 Material Selection and Sustainability Concept 

A major component of the research methodology involved 

investigating the potential use of polythene and aluminum as 

materials for a sustainable satellite structure. Polythene was 

considered because of the large quantity of plastic waste generated 

globally and its potential for reuse in advanced engineering 

applications. Aluminum was incorporated as a lightweight 

metallic structural component. 

The proposed combination aims to develop a thin, lightweight, 

and potentially durable polymer–metal composite sheet. The 

conceptual approach seeks to explore how waste-derived 

polymeric materials could potentially be incorporated into 

aerospace structures while supporting principles of resource 

efficiency, material sustainability, and responsible innovation. 

3.3 Proposed Polymer–Metal Composite Reinforcement 

Approach 

The proposed structural material utilizes a polythene–aluminum 

composite configuration in which the polymeric and metallic 

components are conceptually integrated to improve the overall 

structural characteristics of the satellite body. A fiber-reinforced 

metal/composite reinforcement approach is also considered as a 

potential pathway for further improving structural integrity and 

mechanical performance while maintaining low structural mass. 

At the present stage, this approach remains theoretical and 

conceptual. Specific material ratios, fabrication parameters, 

bonding conditions, mechanical properties, and reinforcement 

efficiencies have not been experimentally determined. Therefore, 

any anticipated improvement in strength, durability, or mass 

efficiency should be considered a research hypothesis requiring 

future material characterization and laboratory testing. 

3.4 Conceptual Development of the MTR-786 Satellite 

Following the material-selection framework, the proposed MTRL-

786 satellite architecture was developed to integrate the 

sustainable structural concept with the functional requirements of 

a Mars exploration mission. 

The proposed satellite incorporates several essential components, 

including solar panels, antennas, satellite housing, 

transponders, thrusters, and spectral and imaging cameras. 

Additional scientific and navigational instruments include wide-

angle cameras, front-view cameras, atmospheric sounders, 

spectrometers, and navigation cameras. 

These components were conceptually organized according to their 

intended functions in power generation, communication, 

navigation, propulsion, environmental observation, imaging, 

spectroscopy, and scientific investigation. 

3.5 Scientific and Astrobiological Research Framework 

The scientific payload of the MTR-786 was designed around the 

investigation of the Martian environment and potential 

habitability. Imaging systems are proposed for the observation of 

the Martian surface, while spectrometers and sounders are 

intended to support the investigation of atmospheric and surface 

characteristics. 

The conceptual framework also incorporates a microbial 

research component to support investigations related to potential 

biological signatures and the possibility of life-associated 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 16, Issue 11, November 2026              17 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.16.11.2026.p17903    www.ijsrp.org 

processes on Mars. These proposed investigations are intended to 

connect satellite-based observations with broader research 

objectives in astrobiology, planetary science, and Mars 

exploration. 

3.6 Proposed Radiation-Shielding System 

Because the proposed mission involves Mars exploration and 

exposure to the space radiation environment, the conceptual 

design incorporates electromagnetic and/or magnetic shielding 

elements as a proposed strategy for reducing radiation exposure 

to sensitive satellite components. 

The effectiveness of such shielding would depend on several 

factors, including radiation type, energy spectrum, intensity, 

shielding configuration, and material properties. Consequently, 

the proposed radiation-shielding system has not been presented 

as an experimentally validated technology. Computational 

radiation-transport modelling and experimental testing would be 

required to assess its actual effectiveness. 

3.7 Proposed Self-Repairing Structural System 

A self-repairing structural system was incorporated into the 

conceptual architecture to explore the possibility of improving 

structural resilience and long-duration mission durability. The 

proposed system is intended to address minor structural damage 

and material degradation that could potentially occur during an 

extended space mission. 

However, the self-repair mechanism remains a theoretical design 

proposition within the present study. Its feasibility would require 

material-level research, prototype development, controlled 

laboratory testing, and environmental qualification before any 

conclusions regarding its practical aerospace application could be 

established. 

3.8 Graphical and Functional Analysis 

The proposed satellite architecture was further examined through 

graphical representation of its major subsystems and scientific 

instruments. The graphical analysis was used to demonstrate the 

distribution and functional organization of the proposed satellite 

components. 

The analysis provides a visual representation of the relationship 

between the satellite's scientific payload, power systems, 

communication systems, propulsion, navigation, and 

structural components. The resulting figures are intended to 

support qualitative interpretation of the conceptual architecture 

rather than represent experimentally measured engineering 

performance. 

3.9 Proposed Validation Framework 

Since the current research represents a theoretical and conceptual 

investigation, experimental validation remains a future stage of the 

project. The proposed validation framework would include 

material characterization, structural analysis, thermal and 

mechanical simulations, radiation-transport modelling, 

prototype fabrication, and controlled laboratory testing. 

Future experimental studies could investigate tensile strength, 

compressive strength, thermal stability, impact resistance, 

structural durability, radiation attenuation, and the feasibility of 

the proposed self-repair mechanism. These investigations would 

provide the quantitative evidence necessary to determine whether 

the proposed material and structural concepts could be developed 

toward practical aerospace applications. 

 

4. Research Elaboration: Conceptual Design of the MTRL-786 

Eco-Friendly Satellite 

 

 

This theoretical study proposes the MTRL-786, an eco-conscious 

satellite concept developed in Pakistan, with the objective of 

addressing environmental challenges associated with plastic waste 

while exploring sustainable approaches to aerospace engineering. 

The proposed satellite structure incorporates polythene and 

aluminum to form a thin, lightweight, and potentially durable 

composite material. 

The proposed design seeks to integrate sustainable structural 

materials with the functional requirements of a Mars exploration 

platform. Through the incorporation of scientific instrumentation, 

communication systems, power-generation units, propulsion, 

navigation, and proposed protective technologies, the MTRL-786 

provides a multidisciplinary conceptual framework for planetary 

exploration. 

A further objective of the MTR-786 concept is to explore the 

circular use of locally available plastic waste in advanced 

engineering applications. By investigating the incorporation of 

recycled polymeric materials into composite structures, the 

proposed design seeks to explore how materials conventionally 

regarded as environmental waste could potentially be repurposed 

for high-value technological applications. 

As a Mars-oriented concept, the design also considers exposure to 

ionizing and cosmic radiation. Proposed electromagnetic and/or 

magnetic shielding elements are incorporated as potential 

protective measures. Similarly, a self-repairing structural system 

is proposed to enhance resilience during extended missions. Both 

features remain conceptual and require experimental validation. 

Through the integration of sustainable structural materials, 

proposed protective technologies, and scientific instrumentation, 

the MTRL-786 concept seeks to establish a multidisciplinary 
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framework connecting sustainable aerospace engineering, 

astrobiology, planetary science, and space exploration. 

The proposed design should therefore be regarded as a 

preliminary conceptual model rather than a validated flight-

ready satellite architecture. Future development could involve 

computational modelling, material characterization, prototype 

fabrication, and controlled laboratory testing to evaluate the 

feasibility, limitations, and optimization requirements of the 

proposed materials and subsystems. 

 

 

(Disclaimer: This image is based solely on a conceptual 

understanding of the proposed design and is intended for 

illustrative purposes only.) 
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5.Findings  

The graphical representation of the MTRL-786 architecture 

demonstrates the integration of multiple functional categories, 

including scientific payloads, power and energy systems, 

communication, propulsion, navigation, and structural 

protection. The scientific payload represents the most prominent 

functional category in the conceptual architecture, reflecting the 

central role of environmental and astrobiological investigation 

within the proposed mission. 

The scientific instrumentation further demonstrates an emphasis 

on imaging and camera-based observation, supported by 

spectroscopy, atmospheric/subsurface sensing, microbial 

research, and navigation/tracking capabilities. These 

complementary instruments are conceptually intended to facilitate 

the observation and characterization of the Martian environment 

and conditions relevant to potential habitability. 

 

 
 

Figure 1. Functional distribution of the proposed MTRL-786 

subsystems. 
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Figure 2. Scientific instrumentation proposed for the MTRL-

786 mission. 

 

Important: The numerical values in these graphs represent the 

number of explicitly identified component groups in your 

conceptual design; they are not experimental measurements or 

performance values. 

 

Results 

Mission The Red Land Mars presents a conceptual approach to 

integrating sustainable aerospace design, astrobiology, and 

environmental research for future Mars exploration. The proposed 

use of recycled polythene and aluminum in satellite construction 

highlights a potential direction for exploring waste-reduction 

strategies in aerospace materials. Furthermore, the astrobiology 

framework and conceptual rover design provide a basis for 

investigating Martian environmental conditions, analyzing soil, 

and exploring potential indicators of microbial life. 

 

The research demonstrates how interdisciplinary concepts can be 

combined to address challenges related to space exploration and 

environmental sustainability. However, the proposed designs and 

technologies require further scientific investigation, engineering 

simulations, and experimental validation before their practical 

feasibility can be established. Future research should focus on 

testing the proposed composite materials, evaluating structural 

durability and radiation protection, and assessing the capabilities 

of the satellite and rover systems. Ultimately, this conceptual 

study provides a foundation for further research into sustainable 

technologies and the scientific exploration of Mars. 

 

Conclusion 

 

The research developed a conceptual framework for Mission The 

Red Land Mars, integrating sustainable satellite design, 

astrobiology, and an eco-friendly Mars rover. The proposed 

satellite design explored the potential use of recycled polythene 

and aluminum-based composite materials as an approach to 

reducing plastic waste while supporting sustainable aerospace 

innovation. 

 

The astrobiology phase focused on examining Martian 

atmospheric conditions, the potential presence of water-related 

chemical processes, and possible biological indicators that could 

help investigate the possibility of life on Mars. The rover concept 

further extended this framework by proposing soil analysis, 

sample collection, and the study of environmental conditions 

relevant to microbial survival and future exploration. 

 

The overall research connected environmental sustainability with 

planetary exploration through a multidisciplinary conceptual 

model. It identified potential directions for investigating 

recyclable materials in spacecraft design and studying the Martian 

environment for possible signs of life. However, the satellite and 

rover designs remain theoretical. Their structural strength, 

radiation-protection capabilities, material performance, and 

scientific instruments have not been experimentally validated. 

Further laboratory testing, material analysis, engineering 

simulations, and scientific assessment are required to determine 

their feasibility for practical Mars exploration. 

 

 

 

 

 

ACKNOWLEDGMENT 

 

Mohammad Misbahullah Qureshi. 

m_misbahullah@yahoo.com, mohammad.misbah@akesp.org 

MSc (Space Physics) from KU, MS (Material Science) from NED, 

DAE (Electrical) from SEZIT, BEd from Virtual University, OCP 

（Online from Australia） 

 

Muhammad Asim Ahmed  

asim.5a9i@gmail.com 

M.Sc Applied Physics  

B. Ed (educational psychology) 

 

Farida Mubashir  

Senior Biology Instructor, AKHSS Karachi  

farida.mubashir@akesp.org 

 

REFERENCES 

 

[1] C. M. Carlisle, “Curiosity Finds Methane, Other Organics,” 

Sky & Telescope, Dec. 17, 2014. [Online]. Available: 

https://skyandtelescope.org/astronomy-news/curiosity-finds-

methane-organics-on-mars-1217201423/ 

[2] NASA, “Mars Facts,” NASA Science. [Online]. Available: 

https://science.nasa.gov/mars/facts/ 

[3] The Planetary Society, “Mars, the Red Planet.” [Online]. 

Available: https://www.planetary.org/worlds/mars 

[4] Space.com, “Mars: The Red Planet, Fourth Planet from the 

Sun.” [Online]. Available: https://www.space.com/47-mars-the-

red-planet-fourth-planet-from-the-sun.html 

[5] NASA, “Team Assessing SHERLOC Instrument on NASA’s 

Perseverance Rover,” Feb. 13, 2024. [Online]. Available: 

http://ijsrp.org/
mailto:m_misbahullah@yahoo.com
mailto:mohammad.misbah@akesp.org
mailto:asim.5a9i@gmail.com
mailto:farida.mubashir@akesp.org
https://skyandtelescope.org/astronomy-news/curiosity-finds-methane-organics-on-mars-1217201423/
https://skyandtelescope.org/astronomy-news/curiosity-finds-methane-organics-on-mars-1217201423/
https://science.nasa.gov/mars/facts/
https://www.planetary.org/worlds/mars
https://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html
https://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html


International Journal of Scientific and Research Publications, Volume 16, Issue 11, November 2026              21 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.16.11.2026.p17903    www.ijsrp.org 

https://www.nasa.gov/missions/mars-2020-perseverance/team-

assessing-sherloc-instrument-on-nasas-perseverance-rover/ 

 

AUTHORS 

First Author – Saif Nizar, pre- med student, The Aga Khan Higher 

Secondary School Karachi saifpopatia5@gmail.com 

Second Author – Maheen Muzzaffer, pre-med student, The Aga 

Khan Higher Secondary School Karachi 

 

 

 

 

 

 

 

 

 

 

 

 

Maheenmuzzaffer@gmail.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://ijsrp.org/
https://www.nasa.gov/missions/mars-2020-perseverance/team-assessing-sherloc-instrument-on-nasas-perseverance-rover/
https://www.nasa.gov/missions/mars-2020-perseverance/team-assessing-sherloc-instrument-on-nasas-perseverance-rover/
mailto:saifpopatia5@gmail.com
mailto:Maheenmuzzaffer@gmail.com

