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What is regenerative fuel cell research & development?
For more information about our energy storage and batteries research and q, /e
Regenerative fuel cells are an energy storage technologythat is able to
hydrogen,oxygen,and water - from the power conversion fuel cell.

Are unitized regenerative fuel cells a good energy source? ' %
Conclusions and perspectives Unitized regenerative fuel cells (URFCs) are very promisingfor use as the
long-term energy storage and power source in space applications,due to their advantages of high specific
energy,light-weight,high-efficiency,and good cycling ability. This review has summarised the recent progress
of the URFCs in detail.

What is regenerative PEM fuel cell technology?

Regenerative PEM fuel cell technology now exceeds TRL 4. The same technology can also be scaled-up to
support the development of the European Lunar Lander, Argonaut, or even larger crewed missions in the
future. The development of energy storage technologies is strategic, and critical to future space and
terrestrial Earth activities.

Do regenerative fuel cells have bifunctional hydrogen and oxygen electrodes?

Electrocatalysts and membranes are two of the essential components in the unitized regenerative fuel cells
that play a key role in enhancing the system's efficiency. Thus, recent progress and challenges on
bifunctional hydrogen and oxygen electrodes are systematically summarized and discussed, respectively.

Does a solar-based surface power system need a regenerative system?

The solar-based surface power system must supply sustainable power during the day and night. Therefore,a
regenerative system is needed. During the daytime,the solar-based surface power system will recharge the
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EL subsystem and provide power directly to the system's electrical loads.

Unitized Regenerative Fuel Cell System Gas
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Storage-Radiator Development Kenneth A. Burke
National Aeronautics and Space Administration
Glenn Research Center Cleveland, Ohio 44135 lan
Jakupca Analex Corporation Cleveland, Ohio 44135
M racrnee I = Summary High-energy-density regenerative fuel cell
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systems that are used for energy storage require
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novel

High energy density regenerative fuel cell systems
that are used for energy storage require novel
approaches to integrating components in order to
preserve mass and volume. A lightweight Unitized
Regenerative Fuel Cell (URFC) Energy Storage
System concept is being developed at the NASA
Glenn Research Center (GRC). This Unitized
Regenerative Fuel Cell ??7?

"Hydrogen fuel cells have really great potential for
energy storage and conversion, using hydrogen as
an alternative fuel to, say, gasoline," said Michaela
Burke Stevens, an associate scientist with SLAC
and Stanford University's joint SUNCAT Center for
Interface Science and Catalysis and one of the
senior authors on the study.
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The results provided an invaluable insight into
regenerative fuel cell technology, realising a major
milestone, and pioneering the field by successfully
demonstrating: High temperature fuel cell ??7?

Thales Alenia Space has been supported in this
activity by Politecnico di Torino and Hysytech. TAS-I
with the associated team, has developed a 10 kW
breadboard of a RFC System and in parallel a
preliminary concept of a RFCS for a Pressurized
Lunar Rover. G., Pelle, S., Antonini, M., Cabrera,
M. et al., "Energy Storage: Regenerative Fuel Cell

storage requirements render the battery mass
penalty prohibitive, necessitating an alternative
energy storage method. A regenerative fuel cell
(RFC) is one method of energy storage that
becomes increasingly attractive as energy storage
capacity and duration requirements increase. This
separates the energy conversion elements of the
power system
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NASA is investigating regenerative fuel cell (RFC)
systems to provide energy storage on the lunar
surface. An RFC is an electrochemical system that
operates like a rechargeable battery with the
potential to store significantly more energy with
lower mass for ???

alternative is the Regenerative Fuel Cell (RFC). A
Proton Exchange Membrane (PEM)-based RFC
system integrates a fuel cell, an electrolyzer, and a
multi-fluid reactant storage system into an energy
storage device. The energy capacity of the RFC is
determined by the amount of available hy-drogen
and oxygen storage.

Regenerative or reversible fuel cells (RFCs) are
r— . capable of both power generation and, in a reverse
= L}E mode, production of a fuel. This paper focuses on
- : the use of hydrogen-based RFCs for energy storage
applications. Alternative cathodes free from

- ? disadvantages of the oxygen cathode are
== - considered. Ultimate replacement of compressed
\ - -
- : hydrogen with virtual hydrogen ??7?
\ /
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Downloadable (with restrictions)! Energy storage
and transportation technologies play an important
role in space exploration missions. Regenerative
fuel cells are among the most promising sustainable
energy power sources. Compared to secondary
batteries, regenerative fuel cells possess unique

advantages, including high power density, high
specific energy density, ???

Hydrogen/oxygen fuel cells were successfully
utilized in the field of space applications to provide
electric energy and potable water in human-rated
space mission since the 1960s. Proton exchange
membrane (PEM) based fuel cells, which provide
high power/energy densities, were reconsidered as

a promising space power equipment for future
space ???

The unitized regenerative fuel cell (URFC) is a
promising electrochemical device for intermittent
renewable energy storage in chemical bonds.
However, widespread application has been
hindered due to low round-trip efficiencies (RTES)
and ???

Il
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energy storage method. One such alternative is the
Regenerative Fuel Cell (RFC). A Proton Exchange
Membrane (PEM)-based RFC system integrates a
fuel cell, an electrolyzer, and a multi-fluid reactant

storage system into an energy storage device. The
energy capacity of the RFC is determined by the

amount of available hydrogen and oxygen storage.

Electrochemical Systems for Space 8 Regenerative
Fuel Cell = Regenerative Fuel Cell Systems 9
Discrete RFC Energy Storage System ??P Q TH
??P O 2H2QELE QELE ??? Fuel cells can

provide energy storage to provide power in locations
???

Analysis of 100-W Regenerative Fuel Cell
Demonstration . William R. Bennett, Phillip J. Smith,

and lan J. Jakupca . National Aeronautics and
Space Administration . Glenn Research Center .
Cleveland, Ohio 44135 . Abstract A 100-W
regenerative fuel cell (RFC) demonstration was
successfully completed at the NASA Glenn
Research Center on December
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A shared activity, funded by TDE and SRE-CTP
(Greek Task Force Programme activity 3008)
successfully developed a closed loop regenerative
fuel cell system (RFCS) and demonstrated its

operational capability. RFCS are a promising
technology for space applications, particularly for
those required to store large amounts of energy to
) survive a long duration ellipse ??? initially the ???

???Regenerative fuel cells co mbine a fuel cell with
an Fuel Cells and Space Rated LithiumFuel Cells
and Space Rated Lithium-lon Batterieslon Batteries
reliable energy storage systems with extremely high
specif ic energy as compared to today" s
state-of-the-art (SOA) batteries.

Energy Storage: Regenerative Fuel Cell Systems
for Space Exploration 2011-01-2624. Future
exploration missions, including human missions to
the Moon and Mars, are expected to have
increasingly demanding operational requirements.
S., Antonini, M., Cabrera, M. et al., "Energy

Storage: Regenerative Fuel Cell Systems for Space
Exploration," SAE
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Diagram of regenerative fuel cells (a) galvanic mode
and (b) electrolytic mode [9] The concept of
regenerative fuel cells was introduce by Mitlitsky in
1996 using either oxygen or halogen oxidants

DOI: 10.1016/j.apenergy.2020.116376 Corpus ID:
234095112; Regenerative fuel cells: Recent
progress, challenges, perspectives and their
applications for space energy system
@article{Pu2021RegenerativeFC,
titte={Regenerative fuel cells: Recent progress,
challenges, perspectives and their applications for
space energy system}, author={Zonghua Pu and
Gaixia ??7?

Summary An introduction to the closed cycle
hydrogen-oxygen polymer electrolyte membrane
(PEM) regenerative fuel cell (RFC), recently
constructed at NASA Glenn Research Center, is
presented. lllustrated with explanatory graphics and
figures, this report outlines the engineering
motivations for the RFC as a solar energy storage
device, the system ???
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As shown in Fig. 1, a regenerative fuel cell (RFC)
system, which combines water electrolysis cell and
fuel cell (FC) devices, is an ideal candidate to save
weight and space in a space vehicle while it

e

provides enough energy for the consumption of the
electronic devices in a ???

Hydrogen and Fuel Cells for Lunar Exploration ???
Fuel cells can provide energy storage to provide

_l power in locations near humans where nuclear

power may not be an option ??? Regenerative ???

Ll

o =

Regenerative Fuel Cells Dr. Katherine Ayers Nel
Hydrogen May 2024 tips additional scenarios into
cost recovery space Price Steps: ??7? Prototype
System Cost ???5,250 $/kW ??? Low Volume
Production System Cost ???3,500 $/kW
Understanding Reversible Fuel Cells in Energy
Storage Applications ???DER-VET Modeling Insight
(January 25, 2024)
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The regenerative fuel cell energy system mainly

- consists of five parts: the PEM water electrolysis
¢2OOZW“hA LA - subsystem, the hydrogen???oxygen fuel cell
t:‘::;’y%‘.’::l::esys.em_% — subsystem, the reactant storage subsystem, the

|
|

environmental control subsystem, and the power
regulation and control subsystem (Fig. 3).

??7? Power / Energy Storage ??? In Situ Resource
Utilization (ISRU) ??? Environmental Control and
Life Support (ECLSS) This presentation has the

following sections: 1. Agency plans relevant to fuel
???

This separation also enables the independent
design of the rated output/input power and energy
capacity of the RFC system. so that URFCs have
been considered for space or military applications.
(2005) Efficiency and weight trade-off analysis of
regenerative fuel cells as energy storage for
aerospace applications. Int J Hydrogen Energ 30
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Regenerative Fuel Cell = TRL 3 Lunar Night &
Space Shuttle Mass Apollo Discharge Time Use
Batteries Use Fuel Cells Trade Required (~10 to 18
hours, Energy dependent) Typical Terrestrial
Applications Regenerative Fuel Cell Energy
Storage ??P Q TH??P O 2H 2 Q ELE Q ELE
Discharging Charging H 2 O

This paper introduces the application demands and
research progress of fuel cells in the space field.
Subsequently, an analysis of the comprehensive
energy utilization modes of fuel cells from the

Fuel cell technology has been receiving more
attention recently as a possible alternative to the
internal combustion engine for our automobile.
Improvements in fuel cell designs as well as
improvements in lightweight high-pressure gas
storage tank technology make fuel cell technology
worth a look to see if fuel cells can play a more
expanded role in space missions. This study ???
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