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• ISRU system architecture trade study:
• Reactor type(s) selection for demands
• Power subsystem selection: PV vs nuclear 

• ISRU operational trade study:
• Daytime-only operation or deploy additional batteries/fuel cells for night
• Frequency of logistics missions and its impact on storage size

• ISRU deployment timeline/location trade study:
• Deploy ISRU in 1 stage or multiple stages? If multiple stages, how many?
• Could lunar ISRU be beneficial to Mars mission? 
• What if there is a space station, such as Deep Space Gateway?
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Minimize: 𝒥 = σ 𝑣,𝑖,𝑗,𝑡 ∈𝒢 𝒄𝑣𝑖𝑗𝑡
𝑇𝒙𝑣𝑖𝑗𝑡

Subject to:



𝑣,𝑗 :(𝑣,𝑖,𝑗,𝑡)∈𝒢

𝒙𝑣𝑖𝑗𝑡 − 

𝑣,𝑗 : 𝑣,𝑗,𝑖,𝑡 ∈𝒢

𝐹𝑣𝑗𝑖𝒙𝑣𝑗𝑖 𝑡−∆𝑡𝑗𝑖 ≤ 𝒅𝑖𝑡 ∀𝑖 ∈ 𝒩 ∀𝑡 ∈ 𝒯

𝐻𝑣𝑖𝑗𝒙𝑣𝑖𝑗𝑡 ≤ 𝟎𝑙×1 ∀ 𝑣, 𝑖, 𝑗, 𝑡 ∈ 𝒜

൝
𝒙𝑣𝑖𝑗𝑡 ≥ 𝟎𝑝×1 if 𝑡 ∈ 𝑊𝑖𝑗

𝒙𝑣𝑖𝑗𝑡 = 𝟎𝑝×1 otherwise
∀ 𝑣, 𝑖, 𝑗, 𝑡 ∈ 𝒜

𝒙𝑣𝑖𝑗𝑡 =

𝑥1
𝑥2
⋮
𝑥𝑝 𝑣𝑖𝑗𝑡

, 𝑥𝑛 ∈ ℤ+ 𝑜𝑟 ℝ+ ∀𝑛 ∈ {1,… , 𝑝} ∀ 𝑣, 𝑖, 𝑗, 𝑡 ∈ 𝒜

Mass balance

Flow bound

Flow Transformation 

Flow Concurrency
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Power System Analysis Example
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Example Results

• ISRU is more effective 
for round-trip missions 
than one-way cargo 
missions;

• FSPS (Fission Surface 
Power Systems) has a 
better performance than 
the PV (Photovoltaic) 
power system (i.e., solar 
panels) in this case.

• Developed optimization framework can be used for
➢ Design of large-scale space exploration campaign considering 

the interaction between space infrastructure design and 
space transportation planning.

➢ Fast evaluation of potential performances of space 
architectures and spacecraft in large-scale campaign


