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Preparation of Papers for AIAA Technical Conferences 

(Title) 

Benjamin J. M. Greaves1 

University of Michigan, Ann Arbor, Michigan, 48109 

and 

Ralph Fritsche2 

NASA Kennedy Space Center, Cape Canaveral, Florida, 32899 

Nomenclature 

KSC = Kennedy Space Center 

NextSTEP = Next Space Technologies for Exploration Partnerships 

I. Introduction 

ith the development of NASA’s Space Launch System and the maturity of long duration space exploration 

mission architectures, developing the technology needed for in-space food production has become a critical 

step for ensuring the success of these future space exploration missions. This fall, I had the opportunity to work at 

NASA’s Kennedy Space Center exploring what tasks need to be completed to fill the remaining technology gaps to 

ensure that in-space food production is a reliable system for future missions. 

 

This work has included many different initiatives including the development of a graphic displaying the various 

environments of future space exploration and the respective food production goals, the definement of requirements 

for a food production chamber on the Gateway space station, and finally the coordination of a food production rack 

for the Lockheed Martin NextSTEP-2 Habitation module. 

  

                                                           
1 NIFs Intern, Utilization & Life Sciences Office, Kennedy Space Center, University of Michigan 
2 Project Manager, Utilization & Life Sciences Office, Kennedy Space Center 
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II. Project Summaries 

The three projects described below are not an exhaustive list of the tasks I did this fall, but rather a breakdown of 

the major elements that worked towards my internships original project plan. Throughout the fall, I made sure to take 

the initiative to assist with other projects that allowed me to work with many of the scientists and engineers in the 

Utilization & Life Sciences Office.  

A. Development of “Feeding Exploration” Graphic 

One of the major challenges with developing technology for future space exploration missions is predicting the 

challenges that the technology will face, especially when the technology is to be used in a foreign environment that is 

difficult, if not impossible, to replicate on Earth. As difficult as this prediction may be, it is very important when 

ensuring the technology keeps up with the pace of the exploration missions it needs to be used on. In order to help 

simplify this problem, this fall, I helped develop a graphic that outlined each space environment that NASA has already 

or has plans to explore, the respective goal for each environment, and the tasks that have been funded for each 

environment in order to advance in-space food production. The development of these tasks, also called hills, has been 

named, within the department, as the Mortain Initiative. The initiative has outlined a series of hills, with Hill 314, 

being able to sustainably grow food on Mars, being the most difficult to breach. Figure 1 shows the most recent update 

of this graphic, which is continuing to be updated. 

 

 
Figure 1. Advanced Food Production Environment Graphic. This graphic describes the current and future space 

environments and how their goals for in-space food production 

B. Definement of Requirements for a Gateway Food Production Chamber 

In addition, I investigated one of the environments in Figure 1 more closely with the definement of requirements 

for a food production chamber for the Deep Space Gateway space station. With this task, I began by looking to past 

plant growth chambers developed by the Utilization and Life Sciences Office to create a foundation for the 

requirements needed for this potential new food production chamber. However, as this new chamber will be attempting 

to produce food in the deep space environment where the Gateway will reside, it will need to be able to monitor the 

effect of deep space radiation. This new requirement will require something known as a Falaise Pocket, that will house 

sensors and electronics that will investigate the strength of the radiation that the plants are exposed to. The sensitivity 
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and frequency of sensor readings of the sensors in this Falaise Pocket were significant points of discussion between 

the scientists and engineers during the meetings defining these requirements. All defined requirements, broken down 

in Level 1, Level 2, and Level 3, based on the parent-child relationship of the requirements, are shown in the Appendix. 

C. Coordination of a Food Production Rack for the Lockheed Martin NextSTEP-2 Habitation Mockup 

Finally, starting in early November, I have been the project manager of the design and build of a food production 

rack for the Lockheed Martin NextSTEP-2 Habitation Mockup. This rack would be housed in a carrier known as 

Gambier Bay in the habitation mockup and would be used to show how, when fully built, Lockheed Martin’s 

habitation module would have the capability of plant growth research. The systems within this rack do not need to be 

functional, but rather simply display the systems involved, the interfaces required, and the data produced by the 

system. 

As project manager, I am coordinating other interns and full-time employees in the Utilization and Life Sciences 

Office with how to outfit the box that Lockheed Martin has provided us. This coordination has allowed me to work 

with scientists and engineers to understand what research should take priority, the technology involved to achieve 

such research, and the engineering tasks that need to be completed to make the research possible. 

III. Conclusion 

The work I have done this fall has far exceeded my expectations for what I imagined I would be doing. Through 

these three projects, I have been given many opportunities to apply the systems engineering knowledge that I have 

learned at my university, while working on projects that I find to be pivotal for the future of human space exploration. 

During my final month here, I am looking forward to successfully concluding my work with the hope of returning the 

Kennedy Space Center in the future to continue working with this great team! 

Appendix 

 

Table 1. Level 1 Requirements for a Gateway Food Production Chamber. Also known as the parent requirements, 

these requirements are the foremost objectives that need to be met in order for the chamber to be successful. 
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Table 2. Level 2 Requirements for a Gateway Food Production Chamber. These requirements are a breakdown 

of the objectives that need to be met in order for the Level 1 requirements to be met. 
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Table 3. Level 3 Requirements for a Gateway Food Production Chamber. These requirements are a breakdown 

of the objectives that need to be met in order for the Level 2 requirements to be met. 
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