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Abstract: Utilizing Ceres as a refueling station and potential habitat for deep-space missions will be
addressed in this study. This includes and investigates the challenges posed by Ceres’s low solar flux on in-situ
resource utilization (ISRU) processes. The planetary protection concerns related to potential back contamination
will be addressed in this research. This study proposes strategies to make use of Ceres’s resources effectively
while ensuring compliance with planetary protection protocols. Ceres is a potential body as it is abundant in water
ice and hydrated minerals. However, the low solar flux and back-contamination risks require inventive solutions,
such as solar-nuclear hybrid systems and strict sterilization protocols.
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1. Introduction

ue to the icy mantle and rocky core, Ceres is considered a unique dwarf planet among our solar system’s

bodies. NASA's Dawn mission has confirmed the presence of hydrated minerals, such as carbonates and
phyllosilicates as a result of ancient water activity. Also, the mission has discovered water ice in cryovolcanic
structures like Ahuna Mons and polar craters which verify the presence of subsurface brines. These results suggest
that Ceres may act as a link between carbonaceous asteroids and icy moons like Europa which also involves the
formation of organic compounds in low-temperature conditions (NASA Solar System Exploration, 2018). Future
missions could produce hydrogen and oxygen, by extracting and electrolyzing water, enabling the sustainable
exploration of the outer solar system, and reducing the dependency on Earth-based resources. Despite recent
technological advancements, there are still some gaps. Firstly, although it is confirmed that Ceres has hydrated
minerals and water ice, there is a lack of quantitative models assessing the feasibility of in-situ resource utilization
(ISRU) under Ceres’s low solar flux conditions. Second, planetary protection concerns are raised for back-
contamination during resource extraction. This study addresses these challenges by proposing solutions, including
solar-nuclear hybrid systems and strict sterilization protocols.

2. Geology Mapping

Ceres’s surface is dominated by dark material, Mg-phyllosilicates, ammoniated phyllosilicates, and
carbonates, with no large areas lacking these minerals. Regardless of the uniform composition of phyllosilicates,
the variations in absorption feature strength indicate variability in the relative abundance of phyllosilicates.
Carbonates are present everywhere but vary in composition and concentration. Ammonium-bearing minerals are
common with varying abundance and chemical species (De Sanctis, 2018).

The Visible and Infrared Imaging Spectrometer (VIR) of the Dawn mission has made precise maps of the
surface composition of Ceres, revealing the abundance of water ice and hydrated minerals. These resources are
found in Polar Regions and impact craters, where low temperatures and low solar insolation help water ice to be
preserved.
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Figure-1 Map of Ceres with highlighted locations where the localized mineralogies described in this
section are found. Blue stars indicate water ice, purple circles indicate Na-carbonates, yellow circles
indicate different phyllosilicates, and the triangles indicate ammonium salts and red stars indicate
organic materials.

From (De Sanctis, 2018), fig. 7)
3. Low Solar Flux

Ceres receives a solar flux of 177 W/mz, which is far less than that of the Moon (1,360 W/m?) and Mars (590
W/m?). This is calculated using the inverse square law with Ceres’s average solar distance of about 2.77 AU. The
solar constant at 1 AU is approximately 1361 W/m2 (Planetary Fact Sheet, n.d.). This is a challenge for solar-
powered in-situ resource utilization (ISRU) systems since energy production is constrained. Because of the low
solar flux on Ceres, water extraction and electrolysis need more energy than on Mars or the Moon.
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Figure-2 A bar chart comparing solar flux of Ceres, Moon and Mars. Data from (Planetary Fact Sheet,
n.d.)




Acceleron Aerospace Journal || AAJ.11.2106-2522
Volume 4, Issue 4, pp (1082-1089)
E-ISSN- 2583-9942

4. Application for Rectifying Antenna

Ceres’s water ice and hydrated minerals abundance makes it a top priority for in-situ resource utilization
(ISRU) as a refueling station for deep-space exploration. The existence of water ice, verified by NASA's Dawn
mission, makes it possible to extract and electrolyze water to yield hydrogen and oxygen which are the two of the
most important constituents of rocket fuel. The energy needed for water extraction and electrolysis is calculated
using a general formula:

Mass (kg) x Specific Energy (kWh/kg)
Efficiency

Energy (kWh) =

For Ceres, the electrolysis-specific energy is estimated at 50 kWh/kg, and the efficiency of solar panels is
taken as 20%. The energy needed to produce 1kg of hydrogen is 250 kWh. The area of the solar panel needed to
provide this amount of energy is calculated by:

Solar 4 o Energy required (Wh)
olar Area (m”) = Solar Flux (W /m?) x Efficiency x Time (hours)

The solar panel area required for Ceres is approximately 294 m2, compared to 38 m2 for the Moon and 88 m2
for Mars.

Table-1 Energy Comparison for Water Extraction:

Parameter Ceres Moon Mars
Solar Flux (W/m?) 177 1360 590
Energy for 1 kg H, (kWh) 250 250 250
Solar Area Required (m?) 294 38 88

Because of its low solar flux, Ceres needs much more energy to produce water than on the Moon or Mars.
Alternative sources of energy may make in-situ resource utilization (ISRU) more practicable. For instance, a
hybrid solar-nuclear system can minimize the solar panel area needed from 294 m2 (when powered by solar energy
alone) to 120 m2 (when supplemented by nuclear power).

a. Radioisotope Thermoelectric Generators (RTGS):

RTGs, such as the Multi-Mission Radioisotope Thermoelectric Generator (MMRTG) used on the Mars
Curiosity rover, could be modified for use on Ceres. The MMRTG generates 110 W of electricity by converting
heat from the decay of plutonium-238 into electrical energy using thermocouples. Heat Source is where
Plutonium-238 generates heat through radioactive decay. Secondly, Thermocouples, include Devices that convert
heat directly into electricity using the Seebeck effect. Radiator Fins are used to dissipate excess heat to maintain
optimal operating temperatures. Power Output where the MMRTG generates approximately 110 W of electricity,
which can power instruments, habitats, and ISRU systems. On Ceres, RTGs could be deployed in permanently
shadowed regions where solar power is unavailable or low. The heat generated by RTGs could also be used for
thermal management in habitats and ISRU facilities (Lin, 2011).
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Figure-3 Multi-mission Radioisotope Thermoelectric Generator (MMRTG). ((L, 2011), fig. 12)
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b. Regenerative Fuel Cells:

Regenerative fuel cells (RFCs) are energy storage systems that can store excess energy such as hydrogen and
oxygen, which can later be recombined to generate electricity. Electrolyzer uses electricity to split water into
hydrogen and oxygen during periods of high energy availability, stored in cryogenic tanks. A Fuel Cell recombines
hydrogen and oxygen to produce electricity and water during periods of low energy availability. The Storage
Tanks store hydrogen and oxygen gases for later use. Also, the switching between electrolysis and fuel cell modes
is managed by the Control System.

On Ceres, RFCs could enhance solar-nuclear hybrid systems. The system’s 5x higher energy density compared
to lithium-ion batteries reduces launch mass. Electrostatic pumps and capillary driven membranes manage fluid
transfer without relying on gravitational settling which prevents gas bubbles from disrupting water flow. Thermal
control is achieved by repurposing waste heat from the fuel cell to warm habitats.

RFCs synergize with Ceres’s in-situ resources: water ice mined from shadowed craters feeds the electrolyzer,
and excess O- replenishes habitat atmospheres. This design not only ensures energy resilience but also positions
Ceres as a refueling hub for deep-space missions, where stored H2/O2 can propel spacecraft to destinations like
Jupiter’s moons (Brey, 2017).

Fuel Cell Electrolyzer

Electricity

Figure-4 Regenerative fuel cell schematic. (Brey, 2017), fig. 6)
5. Habitability of Ceres

Ceres’s resource potential and geology make it a priority for human residence and exploration in the long term.
The presence of water ice, hydrated minerals, and organic matter suggests Ceres possesses resources needed to
sustain life and satisfy the basic human needs of water, oxygen, and perhaps food. However, the low gravity,
reduced solar flux, and lack of atmosphere on the dwarf planet present obstacles that must be overcome to deliver
habitability.

a. Water Resources:

Ceres’s brine and ice deposits beneath its surface, which were verified by NASA's Dawn mission, are essential
for supporting human life. Water can be mined and refined for drinking water, oxygen generated by electrolysis,
and hydroponic farming. The detection of water ice in permanently shadowed craters and cryovolcanic features
such as Ahuna Mons suggests the possibility of extensive water extraction (Prettyman, 2016) (De Sanctis, 2018).

b. Gravity and Environment:

Low gravity in Ceres (0.27 m/s?) would cause physiological effects to human beings such as muscle loss and
reduced bone density. However, it reduces the cost of energy used to land and take off with spacecraft, so Ceres
becomes a favorable destination for a fuel stop. There would be a need for habitats to be pressurized and defended
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from cosmic radiation, due to lack in atmosphere, and for that reason high-tech materials and construction
techniques have to be applied (Planetary Fact Sheet, n.d.).

c¢. Food Production:

Hydroponic growing is a method of plant cultivation without soil but with water solutions of nutrients. Water
reservoir is for the storage of water supplied from Ceres’s subsurface brines. The nutrient solution consists of
required minerals (such as carbonates, and ammonium salts) dissolved in water to feed plants. In addition to this,
the growing trays are used for storing plants and allowing nutrient uptake by roots from water solution. The
lighting system is used to provide artificial light for photosynthesis under low-light environments in Ceres. The
oxygenation system supplies adequate oxygen to plant roots. Hydroponics in Ceres could use recycled water and
minerals from the regolith to grow crops as a reliable source of food for missions in the long term. This reduces
the need for Earth-based resources and prioritizes Ceres’s resources.

Figure-5 An image of Ceres showing the distribution of water ice in Polar Regions and impact craters.
Blue areas indicate high concentrations of water ice. (Source: NASA/JPL-
Caltech/UCLA/MPS/DLR/IDA/PSI)

d. Psychological Considerations:

Permanently settling on Ceres would require careful planning to counter psychological challenges, such as
confinement and isolation. Modular habitations with recreation facilities, communication equipment, and lighting
would help to counter these challenges. In addition, advanced life support systems would play a significant role
in ensuring crew safety and well-being.

6. Back-Contamination Risks

In the case of life on Ceres, there exists a risk of back-contamination. Drilling into brine may endanger Earth's
ecology by releasing dormant bacteria into spacecraft.
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Figure-6 The red areas around Ernutet are associated with evidence of organic material. (Source:
NASA/JPL-Caltech/lUCLA/MPS/DLR/IDA)

To avoid such a threat, a multi-stage process is recommended, including detection of bio-signatures and
sample sterilization. A miniaturized mass spectrometer is recommended to identify lipid biomarkers (e.g.,
hopanoids) in brine samples. The detection procedure includes:

1) Drilling to a depth of 5 m to reach subsurface brines.

2) Sample analysis for traces of lipids in the 650-900 mass-to-charge range using laser desorption
mass spectrometry.

3) Sterilization of the samples using supercritical CO2 (31°C and 73 atm) or subcritical liquid CO2 to
recover possible microbial contamination.

Like Don Juan Pond on Earth, Ernutet Crater's subsurface brines are 8—10 pH and 5% salinity. They could
contain lipid biomarkers (e.g., hopanoids) that can be detected with advanced spectroscopy techniques. The
proposed supercritical CO: sterilization technique of effectively cutting back on probabilities of back-
contamination sterilizes any possible microbial life, however, hydrophilic contaminants may require co-solvents
like methanol for removal (Lin, 2010).
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Figure-7 Schematic for Supercritical CO2 Cleaning System (Lin, 2010), fig. 1)

Future missions should focus on validating protocols according to Ceres conditions and on detecting
additional biosignatures in addition to lipid biomarkers, such as amino acids, and variations in the ratios of
stable isotopes (e.g., carbon-12 to carbon-13) could provide evidence of biological activity.

7. Conclusion

Ceres’s distinct geology, with the overlap of brines, hydrated minerals, and water ice, holds tremendous
promise for deep-space mission and resource utilization. Having a refueling station at Ceres would facilitate long-
term exploration of the outer solar system by decreasing dependence on Earth resources. But low solar flux and
back-contamination hazards require innovative solutions like solar-nuclear hybrid technology and strict
sterilization protocols. Future missions will have to carefully plan exploration and planetary protection and use a
multi-phased study approach to confront the remaining issues on ISRU and habitability.

8. Acknowledgements

The author(s) would like to thank all individuals and organizations whose insights and resources contributed
to the development of this research. Special thanks to Acceleron Aerospace Sciences for their support and
guidance throughout this study.

9. Data Availability Statement

The data supporting the findings of this study are available within the article and from publicly available
sources. No new data were created or analyzed in this study.

AAJ 4-4 (2025) 1082-1089 7



AAJ.11.2106-2522

10. References

(1]
(2]
(3]
(4]
(5]

(6]
(7]

(8]

Brey, J. M. (2017). Use Of Fuel Cells And Electrolyzers In Space Applications: From Energy Storage To
Propulsion/Deorbitation.

De Sanctis, M. C. (2018). Ceres's global and localized mineralogical composition determined by Dawn'’s Visible
and Infrared spectrometer. Meteoritics & Planetary Science.

L, R. &. (2011). U.S. Space Radioisotope Power Systems and Applications: Past, Present and Future.

Lin, N. Y. (2010). Supercritical CO2 Cleaning for Planetary Protection and Contamination Control.

NASA Solar System Exploration. (2018, Nov). From https://solarsystem.nasa.gov/news/577/ceres-geological-
activity-ice-revealed-in-new-research/

Planetary Fact Sheet. (n.d.). From https://nssdc.gsfc.nasa.gov/planetary/factsheet/

Prettyman, T. H.-R. (2016). Extensive water ice within Ceres' aqueously altered regolith: Evidence from nuclear
spectroscopy.

Russell, C. T. (n.d.). Dawn arrives at Ceres: Exploration of a small, volatile-rich world. Planetary Science.

11.Conflict of Interest

The author declares that there is no conflict of interest to report in publishing this paper.

12.Funding

No funding was issued for this research.



https://solarsystem.nasa.gov/news/577/ceres-geological-activity-ice-revealed-in-new-research/
https://solarsystem.nasa.gov/news/577/ceres-geological-activity-ice-revealed-in-new-research/
https://nssdc.gsfc.nasa.gov/planetary/factsheet/

