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REQUEST FOR INFORMATION

High Purity On-Board Oxygen Separator and Compressor System for the International Space Station

Introduction
The National Aeronautics and Space Administration (NASA) is seeking information that may assist in the development, deployment and operation of an ultra high-purity oxygen separator and compressor system for use in future Exploration spacecraft following demonstration onboard the International Space Station (ISS).  
High pressure, high purity oxygen is required onboard ISS today (and on Exploration spacecraft in the future) to support Extravehicular Activity (EVA) suit servicing, payloads and a variety of other needs.  Resupply oxygen had previously been delivered to ISS by the Space Shuttle, but with Shuttle retirement alternate methods are now required. The baseline approach involves launching portable, high pressure tanks and discharging them via the Nitrogen/Oxygen Recharge System (NORS) which is currently in development.  The high pressure NORS tanks present both a high mass-to-orbit demand as well as an inherent (but well controlled) safety hazard associated with the stored energy of a pressurized vessel.  Since oxygen is presently generated onboard ISS, with capability to provide more than required for crew metabolic needs, an advantage of both launch mass and reduced hazard to the crew can be realized if oxygen can be extracted from the ISS atmosphere and compressed for storage in the High Pressure Gas Tanks (HPGTs) in the Airlock module. The same advantage can be realized on future Exploration spacecraft where resupply is more constrained or not possible at all.
The envisioned on-orbit oxygen recharge system would first separate oxygen from the ISS cabin atmosphere and then compress it for delivery to the HPGT’s. Purity of the product oxygen must be compliant with existing ISS specifications, which is comparable to that produced via standard cryogenic separation systems.  Technologies which can show guaranteed oxygen purity without need for on-orbit or ground return analysis samples are highly desirable. This separator-compressor system would be permanently installed in the Airlock module in a location which has been reserved specifically for such a device. It would operate intermittently in long duration runs as needed to effect recharge of a depleted HPGT. It is envisioned that as much as three weeks continuous operation may be required to completely recharge a fully discharged HPGT [approx 200 pounds mass (lbm) capacity].  
The ISS Program has conducted studies evaluating the available approaches for oxygen separation and has concluded that a separator system with the capability to deliver the required purity and flow rate is within reach of existing technologies such as solid electrolyte ion transport membranes; however, other technologies may also be suitable and could be considered.  
NASA is soliciting information to determine the availability of capable contractors that can accomplish this task.  This is a Request for Information (RFI) only. It is issued solely for information and planning purposes.  It does not constitute a Request for Proposals (RFP) or a promise to issue an RFP in the future.  This RFI does not commit the Government to a contract for any supply or service.  The Government will not pay for any information or administrative cost incurred in response to this RFI.

Background:  Current Systems Description
ISS plumbed oxygen systems operate by distribution of gas stored in the Airlock HPGT’s to users throughout the ISS utilizing a variety of existing pressure regulation and routing equipment.  The Oxygen Recharge Assembly (ORCA) which was previously used to pump oxygen from the Space Shuttle Orbiter has been removed from its location on the Airlock Zenith platform.  The Zenith platform will be the location for the NORS manifold assembly with volume reserved for a supplemental recharge device such as the separator system currently being researched. Compressed oxygen will be routed from the ultra high-purity oxygen separator and compressor system’s output compressor to the NORS manifold which will be plumbed into the Airlock system for access to the oxygen HPGT’s. In order to be able to recharge the HPGT’s for full capacity, the compressor output pressure needs to be between approx. 2700 to 2740 pounds per square inch absolute (psia).
Previously the Cabin Air Separator for EVA Oxygen (CASEO) was under development for purposes of the on-orbit oxygen recharge capability, but this effort has been discontinued due to insufficient technology readiness.  The new ultra high-purity oxygen separator and compressor system is required to fit within the same dimensions and utility interfaces as defined in the CASEO-to-Airlock Interface Control Document, Space Station Program (SSP) 50922
All equipment associated with the ultra high-purity oxygen separator and compressor system’s recharge system will be launched as soft stowed cargo on available ISS resupply launch vehicles.  The applicable launch environments as well as development requirements (such as mandatory testing) are defined in the ISS Common Interface Requirements Document, SSP 50835.  All ultra high-purity oxygen separator and compressor system hardware must be certified per SSP 50835.

Overview of Need
NASA seeks a system to extract oxygen from the ISS cabin atmosphere and compress it to high pressure for purposes of recharging the Airlock HPGT’s within existing oxygen purity specifications. The core functionality of the system is anticipated to be a device which separates oxygen from atmospheric air with an extremely low level of trace contaminants (see Table 1 below) with additional equipment to compress the oxygen and to provide the necessary interfaces with other ISS systems.  Location is on the Zenith platform of the ISS Airlock adjacent to NORS hardware.  The recharge system needs to operate autonomously, with minimal crew interaction except for start-up and shut-down, and provide adequate levels of hazard controls to meet applicable ISS safety requirements.  Any exhaust products must contain acceptable levels of toxic compounds and all necessary remediation should be part of this recharge system. All recharge equipment must be capable of launch on available ISS resupply vehicle as pressurized, soft-stowed cargo, and must be designed to operate in a space flight environment.  

The NASA has prioritized the goals for this enhancement system as described in the following section below:
Prioritized Goals
In developing this oxygen recharge system, the NASA has eight (8) primary goals. These primary goals are listed in order of importance for the system.

Required characteristics:
1. Separate oxygen from ISS cabin atmosphere with purity as shown in Table 1 delivered to the ISS Airlock oxygen system at 2700 psia.  Oxygen delivery rate no less than 1.0 standard liter/min, with a goal of 2.0 standard liter/min or greater.
2. Capability to remove or remediate any potentially toxic impurities in the exhaust air with source air containing standard ISS atmospheric contaminants including, but not limited to Freon 218 and ammonia.  Full list of constituent compounds is available upon request.
3. Incorporate best space flight industry practices for material selection for safe operation of high pressure oxygen equipment.
4. Certified for launch to ISS on any/all common resupply vehicles per environments as defined in SSP 50835 as pressurized, soft stowed cargo.  Any resupply vehicles that cannot be accommodated for system hardware launch must be identified.
5. Fit within the envelope and operate to the interface requirements for a Cabin Air Separator as defined in Interface Control Document SSP 50922.
6. Provide autonomous control with failure detection and recovery consistent with ISS hardware Criticality 2 definition.
7. Guaranteed oxygen purity given all detectable failure modes so that on-orbit purity measurements or ground return samples are not required.
8. Capability to provide telemetry data to ISS data systems via an Ethernet interface. 
 
Table 1. Oxygen Purity Requirements for Product Gas
	Oxygen Quality
	SSP 30573-Rev E

	
	Table 4.1-2.14A Oxygen (Breathing)

	Characteristics
	As Delivered to Interface

	Oxygen (min)
	99.989% by volume

	Argon and Nitrogen
	N/A
[Note Procurement
75 ppm by volume (max)]

	Moisture
	3 ppm by volume (max)

	Carbon Monoxide
	1 ppm by volume (max)

	Carbon Dioxide
	

	Total Hydrocarbons
	23 ppm by vol (max)

	Methane (CH4)
	N/A

	Acetylene (C2H2)
	0.05 ppm by weight (max) [general Alkynes]

	Ethane (C2H6) and other hydrocarbons
	N/A

	Propane and Higher Hydrocarbons
	N/A

	Nitrous Oxide
	1 ppm by volume (max)

	Halogenated Hydrocarbons
	1 ppm by volume (max)

	Chlorinated Hydrocarbons
	0.1 ppm by volume (max)

	Hydrogen
	< 329 ppm*

	Odor
	N/A

	All others
	< 0.2 ppm 


* Hydrogen requirement guaranteed met at 110 ppm or less if oxygen purity of 99.989% is met.




Information Requested
In responding to this RFI, the NASA asks potentially interested vendors to submit information on the following subjects.  Please number your answers to match the question numbers below:
1) Is the proposed on-orbit oxygen recharge system outlined above feasible and practical?  Is there an alternative system that can be developed to meet a significant percentage of the NASA’s stated goals at a lower cost?  Specifically:
a) Which of the Prioritized Goals listed above (including oxygen purity and trace contaminant limits as shown in Table 1) can be met by commercial off-the-shelf systems?
b) Which of the Prioritized Goals above (including oxygen purity and trace contaminant limits as shown in Table 1) can be met by current technologies?
c) Explain the technological difficulties associated with the Prioritized Goals above (including oxygen purity and trace contaminant limits as shown in Table 1) that cannot be met by current technologies.
d) Can you develop a system that meets most or all of the Prioritized Goals above?  Describe how your system would meet each of the goals (including oxygen purity and trace contaminant limits as shown in Table 1). 
e) Provide your assessment on the feasibility of your company providing a system that would satisfy most if not all of the NASA's stated Performance Goals for this system.
f) What components of source air would potentially be synthesized into toxic compounds by your proposed system?  What would be the approach to remediate toxins in the exhaust stream to within safe limits for ISS crew exposure?
2) Briefly describe the system you would be capable of providing should NASA issue an RFP.  Include a brief description of the technical architecture of your proposed system, the methods used to ensure oxygen purity per Table 1, and the approach for limiting toxic products in the exhausted air.  If possible, include a brief Concept of Operations for launching, installation and operating your system through end of ISS life in CY2028 with emphasis on minimizing crew time while preserving adequate redundancy and control of safety critical components of your system.
3) Please list the Priority Needs (including oxygen purity and trace contaminant limits as shown in Table 1) satisfied by your proposed system.  
4) Please provide explanations of the challenges to satisfying Priority Needs not satisfied by your proposed system.
5) Please describe your proposed strategy, partnering arrangements, etc., for interfacing with during development, and then later transitioning the operational separator-compressor system to the ISS Sustaining Engineering Contract No. NAS15-10000 with Boeing.
6) The Government normally acquires unlimited rights in data first produced in performance of a contract.  NASA is trying to understand the implications of pursuing a new design, which will decrease logistical costs for recharging ISS Airlock high pressure oxygen gas tanks, while also taking advantage of commercially-available designs or design features for which the government would not have unlimited data rights.  As it relates to your potential design concept, describe your expectations concerning the rights (e.g., intellectual property, data) you would maintain in any part of the proposed system you would develop and how that would impact the cost to procure the item and the cost to maintain the item. See FAR clause 52.227-15, Representation of Limited Rights Data and Restricted Computer Software (Dec 2007), for further information regarding the intent of this question. 
7) Provide estimates of the cost of your proposed system.  Indicate the amount of those costs necessary to build or develop the system and the amount necessary to operate it.  Provide the top-level project milestone schedule for developing, testing, and delivering the system.
8) NASA would consider non-traditional procurement arrangements whereby your company pays some or all of the cost to develop of the separator-compressor system and the Government later pays for the service provided (e.g., system availability, oxygen cost per pound) by a proscribed fee schedule.  If this approach is attractive to your company, please describe the terms and conditions whereby such an arrangement would be proposed.
9) As part of the earlier, discontinued CASEO project NASA has received two flight compressors and one engineering-grade compressor capable of delivering oxygen at the required 2700 psia.  These items could be provided to potential suppliers as Government Furnished Equipment. Technical specifications can be provided upon request.
10) Briefly describe your company, products, services, history, and ownership. In particular, describe any projects you have been involved in that are similar in concept to what is described in this RFI, including previous work performed with NASA or other Government Agencies. 
11) Include the relevant information if your services are available on a GSA schedule or other contract vehicle. 
12) Provide any other information that you deem relevant to this RFI.


