What is a low temperature

A low temperature unitized regenera| e fu '
durability for energy storage applications. Energy EnV|ro . Sci. 13

Are regenerative fuel cells reversible?

In contrast,we refer to a unitized regenerative fuel cell based on,forJ_

any point in time.

Can regenerative fuel cell technology be used in space exploration?

NASA's Space Power Systems Project has identified regenerative fuel cell technology as a preferred
technology for these space exploration programs,where the requirements are reliable,safe power with solar
energy as the primary source,and low mass,volume and cost .

Are PEM fuel cell devices reversible?

Reversible (unitized) PEM fuel cell devices. Portable Fuel Cells Conference; 1999. Mitlitsky F, Weisberg AH,
Carter PH, Dittman MD, Myers B, Humble RW. et al. Water rocket - electrolysis propulsion and fuel cell
power. American Institute of Aeronautics and Astronautics Space Technology Conference and Exposition;
1999.

How do regenerative fuel cells work?

Joos, Frank and Cargnelli have patented a regenerative fuel cell in which a fuel cell stack was joined side by
side to an electrolyser stack, so the two stacks were in line to form a single unit. This arrangement of putting
two stacks in line allows efficient exchange of gases, water and heat between the two stacks.

Why do regenerative fuel cells close a range?

As explained in the modeling section, a closing of the range corresponds to the scenario where the flexibility
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inherent in the unitized regenerative fuel cell allows it to achieve an optimized contribution margin that
exceeds the LFC of the system, regardless of the prevailing hydrogen price.

The NASA Glenn Research Center has constructed
a closed-cycle hydrogen-oxygen PEM regenerative
' TT% fuel cell (RFC) to explore its potential use as an
energy storage device for a high RFC is a complete
"brassboard" energy storage system which includes

IR e all the equipment required to (1) absorb electrical
power from an outside source and store

ENERGY STORAGE SYSTEM

FY 2018 Annual Progress Report 1 DOE Hydrogen
and Fuel Cells Program . FY16 SBIR Il Release 1:
Regenerative Fuel Cell System . Overall Objectives
??? Demonstrate a reversible 25-cm. 2. anion
exchange membrane fuel cell (AEMFC) for 1,000
cycles (42% round-trip efficiency; >250 mA/cm. 2.
power generation; >50 mA/cm. 2. energy storage).
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The closed-cycle hydrogen-oxygen PEM
regenerative fuel cell (RFC) at Nasa Glenn
Research Center in Ohio 1, 2 has successfully
demonstrated closed-cycle operation at rated power
for multiple charge/discharge cycles. During charge
cycles the RFC absorbed input electrical power
simulating a solar day cycle ranging from zero to 15
kWe peak.

oxygen in hydrogen. Fuel cell product water was
determined to be more acidic and conductive and
have a (PEM) hydrogen regenerative fuel cell
(RFC) to power lunar outposts and manned rovers.
Evolving fuel A discrete RFC combines a fuel cell
with an electrolyzer to produce an energy storage
option that is

A reversible/regenerative fuel cell (RFC) is a single
unit that can function either in electrolyser mode or
fuel cell mode [1]. In the forward direction of
reversible reaction water disassociates into
hydrogen and oxygen, and in the reverse reaction
- recombination of constituent elements to forms
o ) water: H2 O + energy ???H2+1/202

e e
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Initial trades focused on pairing a PEM electrolysis
stack with one of two fuel cell chemistries:
low-temperature PEM fuel cells, which create liquid
T water, and high-temperature solid oxide fuel cells,
it which create steam. The initial trades informed a
selection of the appropriate technology that best

% satisfies the widest array of energy storage

EEERAREL
ligent energy siorae sy

Intellignt sten
1 ‘ Ll

An energy storage system that utilizes hydrogen
and oxygen gases to store energy. Why? Higher
specific energy (W?hr/kg) for high energy Cell Type
Proton Exchange Membrane (PEM) Alkaline
Polymer Membrane (AEM) Alkaline Phosphoric Acid
Electrochemical Systems 12 Regenerative Fuel
Cell Energy Storage ??P QTH??PO2H2Q

Unitized Reversible Fuel Cell (URFC) system based
on Polymer Electrolyte Membrane (PEM)
technology that can achieve 50% round trip
efficiency and reliable performance under relevant
duty cycles, with projected costs below $1,750/kW 2
Project goal Unitized Regenerative Fuel Cell DC

electricity Oxygen Hydrogen Water
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Regenerative fuel cell (RFC) systems produce
power and electrolytically regenerate their reactants
using stacks of electrochemical cells. Energy
storage systems with extremely high specific energy
(>400 Wh/kg) have been designed that use
lightweight pressure vessels to contain the gases
generated by reversible (unitized) regenerative fuel
cells ???

A fuel, such as hydrogen, is fed to the anode, and
air is fed to the cathode. In a polymer electrolyte
membrane fuel cell, a catalyst separates hydrogen
atoms into protons and electrons, which take
different paths to the cathode. The electrons go
through an external circuit, creating a flow of
electricity.

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. Illustrated with
explanatory graphics and figures, this report outlines
the engineering motivations for the RFC as a solar
energy storage device, the system requirements,
layout ???
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Investigation of novel thin LGDLSs for high-efficiency
hydrogen/oxygen generation and energy storage.
15th Int Energy Convers Eng Conf (2017) Proton
exchange membrane fuel cells (Pemfcs): Advances
and challenges. 2021, Polymers PEM unitised
reversible/regenerative hydrogen fuel cell systems:
State of the art and technical challenges

Subtopic: closed cycle hydrogen-oxygen PEM
regenerative fuel cell The closed-cycle
hydrogen-oxygen PEM regenerative fuel cell (RFC)
at NASA Glenn Research Center has demonstrated
multiple back to back contiguous cycles at rated
power, and round trip efficiencies up to 52 percent.
It is the first fully closed cycle regenerative fuel cell
ever

Relevance ??? Energy Storage ???An URFC is an
energy storage device which stores electricity in the
form of H. 2 & O. 2. gas and producing electricity
???Advantages: ???Combine balance of plant and
cell, and MEA materials of discrete systems
???Energy density (>400 kwWh/kg) ???Scalable
storage (H. 2, w/ or w/o O. 2) ???High current
density (up
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The regenerative fuel cell energy system mainly
consists of five parts: the PEM water electrolysis
subsystem, the hydrogen???oxygen fuel cell
subsystem, the reactant storage subsystem, the
environmental control subsystem, and the power
regulation and control subsystem (Fig. 3).

Thanks to the independent sizing of power and
energy, hydrogen-based energy storage is one of

the very few technologies capable of providing long
operational times in addition to the other
advantages offered by electrochemical energy
storage, for example scalability, site versatility, and
mobile service.The typical design consists of an

electrolyzer in charge mode ???

Using the H 2 O cycle as the energy storage
medium, the RFC is elegantly simple in concept.
Various other hydrogen couples have also been
proposed that have advantages in specific
applications, but the H 2 O cycle has highly

— acceptable performance characteristics suitable for

broad use as a back-up, standby or premium power
system and has minimal ???
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- RFC system integrates a fuel cell, an electrolyzer,
= I o | and a multi-fluid reactant storage system into an
| ’{I? 1. energy storage device. The energy capacity of the
4= Wl RFC is determined by the amount of available

hy-drogen and oxygen storage. Typically, hydrogen

e — — —T and oxygen are stored as gases at ???
1 - "
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?7?7? Fuel cells can provide energy storage to

ﬂ : -~ provide power in locations near humans where

T nuclear power may not be an option ???
Regenerative fuel cell can provide continuous power

for longer-term operations (such as the lunar night)
?7?7? Hydrogen enables energy storage and
transportation in the challenging lunar environment

Regenerative Fuel Cells for Energy Storage April
2011 Corky Mittelsteadt. April 2011 2 Outline 1.
Regenerative Fuel Cells at Giner Existing state of
the art regenerative fuel cell systems require two
separate stacks COSTS OF HYDROGEN FROM
PEM ELECTROLYSIS. Based on US Department of
Energy's H2A Model. Item: Cost $/kg;
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- The two key technologies that LLNL is aggressively
implementing are proton exchange membrane
| (PEM) -based regenerative fuel cells (RFCs) and
UL high-performance tankage for storing compressed
hydrogen and oxygen gases. Advanced PEM
technology transforms power, while advanced
tankage stores energy.

- Power Conversion
2 System

Proton exchange membrane electrolyser (PEME) is
a source of pure hydrogen gas; and it appears
"complementary" to proton exchange membrane
fuel cell (PEMFC) (Spiegel et al., 2007) for power
generation.They can be integrated in a discrete
reversible proton exchange membrane fuel cell
(DRPEMFC) system, in which a PEME and a
PEMFC are separate ???

A regenerative fuel cell (RFC) is a hydrogen
accumulator which is charged via an electrolyzer
(electricity conversion into H 2) and discharged via
the fuel cell (H 2 conversion into electricity), where
the storage media is pressurized hydrogen. The
also generated oxygen is mostly not stored in
terrestrial applications.
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DOI: 10.1016/J.JPOWSOUR.2015.07.067 Corpus
ID: 93488762; Modeling the performance of
hydrogen???oxygen unitized regenerative proton
exchange membrane fuel cells for energy storage

The AMPS Fuel Cell team has created two
system-level models in Microsoft Excel to evaluate
the performance of regenerative fuel cell systems
employing different fuel cell chemistries. This paper
discusses the thermal modeling considerations for
each system. Proton Exchange Membrane (PEM)
fuel cells (FC) utilize a polymer electrolyte
membrane that

AEM-based Regenerative Fuel Cell ??? Develop a
low -cost, high efficiency ??? Tightly integrated
electrolyzer / fuel cell system ??? Advanced
rechargeable energy storage device for grid
buffering. 28 DC BUS System Loads MPPT
Electrolyzer Fuel Cell Buffer Energy Storage H 2
Storage Power Converter PV Arrays 00.511.52
253354450500
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