
 

Introduction:  The potential of hydrogen energy 

has developed significantly around the world in the 

past decade, with member states of the International 

Energy Agency increasing their hydrogen production  

more than 7-fold between 2012 and 2019 with the goal 

of increasing it another 22-fold by 2030. [1]  The 

consumption potential of that production is growing 

just as steadily as the current US hydrogen potential 

market is around 11 times the current market. [2] 

Astronaut analogs serve as great candidates to take 

advantage of this international   push towards 

hydrogen as it holds many advantages over other 

energy sources when it comes to long term storage in 

remote locations, two traits often held by analogs. In 

addition, hydrogen will be a key element in future 

space exploration missions as it is a component of 

crew water, rocket fuel, and fuel cells. Finally, since 

many human Mars mission architectures look to use 

solar and nuclear energy, current-day astronaut 

analogs can increase their energy fidelity by utilizing 

hydrogen energy as it would closer resemble the 

functionality and limitations of the power reality of 

future lunar or Martian missions. 

Hydrogen Energy Advantages:  The use of 

hydrogen as an energy carrier has many advantages 

over non-renewable and other renewable sources even 

as it is a much less explored option compared to others 

sources. First, as shown in Figure 1, hydrogen 

becomes the most cost-effective energy storage 

method for durations lasting longer than a week, which 

is the typical minimum duration for most analog 

missions. [3] 

In addition, hydrogen has been found to outperform 

other energy technologies in extreme environments as 

fuel cell technology is much more reliable in extreme 

cold environments when compared to traditional 

combustion technology and through being stored in 

large tanks, does not rely on varying weather 

conditions like solar and wind energy. [4] 

Hydrogen Use to Increase Analog Fidelity: 

NASA’s Design Reference Architecture 5.0 lays out a 

plan to utilize the Kilopower nuclear power system for 

future Mars missions. [5] Since most astronaut analogs 

do not have the safety measures put in place to host 

such technologies, hydrogen storage technology could 

serve as a stand-in for nuclear energy by giving the 

analog a higher fidelity as compared to replacing 

nuclear with solar energy. This is due to hydrogen's 

functionality of being able to supply energy to the 

analog at all hours of the day, regardless of weather 

conditions but also its limitation of needing to be 

placed far away from the habitat for safety 

precautions, both traits that nuclear and hydrogen 

energy share. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Energy storage technology durations, PHS = 

pumped hydrogen energy storage, CAES = compressed air 

energy storage 

Other Analog Uses for Hydrogen: Utilizing 

hydrogen on astronaut analog missions also offers an 

opportunity to develop long term tests and real world 

operations utilizing realistic energy constraints, 

systems and technologies that are known to integrate 

together, but might not have specifically been tested at 

large scale for long periods of time. This can include 

experiments such as hydrogen fuel cell usage in 

rovers, crew water generation, crew oversight of 

rocket fuel production, long term storage of liquid 

cryogenic fuels, long duration and integration of 

systems in multiple environmental conditions. We 

anticipate a deeper understanding of unexpected 

failures, maintenance tasks, crew time requirements, 

fueling challenges, leaks. % of water reuse/waste and 

weaknesses of the overall integrated systems of energy 

generation, storage, and use in simulated conditions.  

References: [1] IEA (2020) “Low-carbon 

hydrogen production, 2010-2030…” [2] Ruth, Mark et 

al. (2020) NREL/TP-6A20-77610. [3] Benedikt 

Battke et al. (2019) [4] Endo, N. et al. (2020) 

International Journal of Hydrogen Energy, V 45, I 1, 

207-215  [5] Mars Architecture Steering Group (2009) 

NASA/SP–2009–566-ADD. 

8087.pdfTerrestrial Analogs 2021 (LPI Contrib. No. 2595)


