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(57) ABSTRACT

Methods and systems are provided for transporting and
hydrating a redox tlow battery system with a portable field
hydration system. In one¢ example, the redox flow battery
system may be hydrated with the portable field hydration
system 1n a dry state, in the absence of liquids. In this way,
a redox tlow battery system may be assembled and trans-
ported from a battery manufacturing facility to an end-use
location oft-site while the redox flow battery system 1s 1n the
dry state, thereby reducing shipping costs, design complex-
ities, as well as logistical and environmental concerns.
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402

Load chemicals into electrolyte
chambers

404

Deliver dry redox flow battery system
and field hydration system to end-

use location. Install and fluidly couple
redox flow battery system and field
hydration system.
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Connect water supply pump to water
supply source
408

Hydration of redox flow battery
system (see FIGS. 4A-C)

410

Disconnect field hydration system.
Operate redox flow battery system.

FIG. 3
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METHODS AND SYSTEMS FOR REDOX
FLOW BATTERY ELECTROLYTE
HYDRATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a contmuation of U.S.
Utility Application No. 17/936,781, entitled “Methods and
Systems for Redox Flow Battery Electrolyte Hydration,”
filed Sep. 29, 2022, which 1s a continuation of U.S. Utility
Application No. 15/965,671, entitled “Methods and Systems
for Redox Flow Battery Electrolyte Hydration,” filed Apr.
27, 2018. U.S. Utility Application No. 15/965,671 claims
priority to Provisional Application No. 62/491,970, entitled
“Methods and Systems for Redox Flow Battery Electrolyte
Hydration”, and filed on Apr. 28, 2017. The entire contents
of the above-listed application are hereby incorporated by
reference for all purposes.

ACKNOWLEDGMENT OF GOVERNMENT
SUPPORT

[0002] This mvention was made with government support
under contract no. DEAR0000261 awarded by the DOE,
Office of ARPA-E. The government has certain rights n
the 1nvention.

FIELD

[0003] The present description relates generally to electro-
lyte preparation for a redox flow battery system.

BACKGROUND AND SUMMARY

[0004] Redox flow batteries are suitable for grid scale sto-
rage applications due to their capabilities of scaling power
and capacity mdependently, and charging and discharging
for thousands of cycles with mimimal performance losses.
Electrolyte, including aqueous solutions comprising water
and salts and/or acids, are recirculated between electrolyte
tanks and the redox flow battery cells 1n order to supply
sufficient electrolyte to carry of the redox reactions for bat-
tery charging and discharging. Commuissioning a new redox
tlow battery system traditionally mvolves hydrating and fill-
ing a redox flow battery system, mcluding the electrolyte
tanks, at a battery vendor’s manufacturing facility, prior to
transporting the redox flow battery system to and installing
the redox tlow battery system at the end-use location.

[0005] The mmventors herein have recogmized potential
1ssues with the above methods. Namely, a filled and
hydrated redox flow battery system 1s heavy and cumber-
some, and transport of filled and hydrated redox tlow battery
systems can be difficult and expensive. Furthermore, trans-
porting of redox tlow battery systems between a battery ven-
dor/manufacturing facility and an end-use site may involve
various modes of transportation such as by truck, by rail,
and by ship over large distances, which may be slower
when the redox flow battery system 1s filled and hydrated.
In addition, the overall system may be modified to accom-
modate transporting a large quantity of mixed and hydrated
chemicals to be structurally sound across various modes of

transportation.
[0006] In one example, the 1ssues described above may be

addressed by a method of operating a redox flow battery
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system, the redox flow battery system including first and
second electrolyte chambers fluidly coupled to a redox
flow battery cell, the method comprising: during a first con-
dition, including when the redox flow battery system 1s 1n a
dry state without water and liquid solvents, adding first and
second amounts of dry electrolyte precursor to the first and
second electrolyte chambers, respectively, the first and sec-
ond amounts corresponding to a desired concentration of
first and second electrolytes 1n the first and second electro-
lyte chambers during an operating mode, including when the
redox flow battery system 1s being charged or discharged,
fluidly coupling the redox flow battery system to a field
hydration system, the field hydration system including a
water supply pump fluidly coupled to a water source, and
supplying water from the field hydration system to the
redox flow battery system, wheremn the redox tlow battery
system would remain 1n the dry state without the water from
the field hydration system.

[0007] In this way, a redox flow battery system may be
assembled and transported from a battery manufacturing
facility to an end-use location off-site while the redox flow
battery system 18 1n a dry state, thereby reducing shipping
costs, design complexities, environmental concerns, and the
amount of time to prepare a customer-ready redox flow bat-
tery system. Furthermore the methods and system herein
facilitate commissioning of the redox flow battery system,
including hydration of the redox flow battery system 1n the
dry state, that can be performed by a 3rd party or customer
utilizing a field hydration system at the end-use location
remotely from the battery manufacturing facility. In this
manner, the customer can more flexibly and independently
schedule the commuissioming of the redox flow battery sys-
tem, which can increase customer satisfaction and reduce
operation logistics complexities. In some examples, the
methods and systems heremn further facilitate commission-
ing of the redox flow battery system, mcluding on-site
hydration by a customer, followed by dramning of the redox
flow battery system, and shipment to a second m-use loca-
tion where 1t can be rehydrated for energy storage applica-
tions at the second 1mn-use location.

[0008] It should be understood that the summary above 1s
provided to mtroduce i simplified form a selection of con-
cepts that are further described 1 the detailed description. It
1s not meant to i1dentily key or essential features of the
claimed subject matter, the scope of which 1s defined
uniquely by the claims that follow the detailed description.
Furthermore, the claimed subject matter 1s not limited to
implementations that solve any disadvantages noted above
or 1n any part of this disclosure.

BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1 shows a schematic of an example redox
flow battery system.

[0010] FIG. 2 shows a schematic of an example field
hydration system.

[0011] FIG. 3 shows a high-level flow chart for a method
of hydrating a redox flow battery system with the field
hydration system of FIG. 2.

[0012] FIGS. 4A, 4B, and 4C show flow charts for a
method for hydrating a redox flow battery system with the
field hydration system of FIG. 2.
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DETAILED DESCRIPTION

[0013] The following description relates to systems and
methods for flowing water to electrolytes configured to
store electrical energy for a redox flow battery. The redox
flow battery 1s shown 1n FIG. 1 includes an integrated multi-
chamber storage tank having separate positive and negative
electrolyte chambers. Prior to mstallation and commission-
ing of the redox flow battery system, the redox flow battery
system may be assembled and delivered to a desired end-use
location, different from a location where the battery was
assembled, with dry electrolyte stored mn the positive and
negative electrolyte chambers. The dry electrolyte mcludes
electrolyte granules or precursors free of liquid water and/or
other liquid solvents 1 a moisture free state. Once delivered
to the end-use location, the assembled redox flow battery
system may be installed thereat, thereby fixing a position
of the redox flow battery system. A field hydration system,
shown 1n FIG. 2, may be delivered to the end-use location
along with the assembled redox flow battery system, and
coupled between a water source at the desired end-use loca-
tion and the mstalled redox flow battery system. The field
hydration system of FIG. 2 can facilitate staged hydration,
filling, and preparation of the redox flow battery system, by
way of methods illustrated m FIGS. 3 and 4A-4C.

[0014] FIGS. 1-2 show example configurations with rela-
tive positioning of the various components. If shown
directly contacting each other, or directly coupled, then
such elements may be referred to as directly contacting or
directly coupled, respectively, at least 1n one example. Simi-
larly, elements shown contiguous or adjacent to one another
may be contiguous or adjacent to each other, respectively, at
least 1n one example. As an example, components laying in
tace-sharing contact with each other may be referred to as n
tace-sharing contact. As another example, elements posi-
tioned apart from ecach other with only a space there-
between and no other components may be referred to as
such, 1n at least one example. As yet another example, ele-
ments shown above/below one another, at opposite sides to
one another, or to the left/right of one another may be
referred to as such, relative to one another. Further, as
shown 1n the figures, a topmost element or point of element
may be referred to as a “top” of the component and a bot-
tommost element or point of the element may be referred to
as a “bottom” of the component, 1n at least one example. As
used herein, top/bottom, uppet/lower, above/below, may be
relative to a vertical axis of the figures and used to describe
positioning of elements of the figures relative to one another.
As such, elements shown above other elements are posi-
tioned vertically above the other elements, 1n one example.
As yet another example, shapes of the elements depicted
within the figures may be referred to as having those shapes
(e.g., such as bemg circular, straight, planar, curved,
rounded, chamfered, angled, or the like). Further, elements
shown 1ntersecting one another may be referred to as inter-
secting elements or mtersecting one another, 1 at least one
example. Further still, an element shown within another ele-
ment or shown outside ot another element may be referred
as such, 1n one example. It will be appreciated that one or
more components referred to as bemg “substantially similar
and/or 1dentical” ditfer from one another according to man-
ufacturing tolerances (e.g., within 1-5% deviation).

[0015] Hybnd redox flow batteries are redox flow bat-
teries that are characterized by the deposit of one or more
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of the electro-active materials as a solid layer on an elec-
trode. Hybrid redox flow batteries may, for instance, include
a chemical that plates via an electrochemical reaction as a
solid on a substrate throughout the battery charge process.
During battery discharge, the plated species may 1onmize via
an electrochemical reaction, becoming soluble 1n the elec-
trolyte. In hybrid battery systems, the charge capacity (e.g..
amount of energy stored) of the redox battery may be lim-
ited by the amount of metal plated during battery charge and
may accordingly depend on the etficiency of the plating sys-
tem as well as the available volume and surface area avail-
able for plating.

[0016] In a redox flow battery system the negative elec-
trode 26 may be referred to as the plating electrode and the
positive electrode 28 may be referred to as the redox elec-
trode. The negative electrolyte within the plating side (e.g.,
negative electrode compartment 20) of the battery may be
referred to as the plating electrolyte and the positive electro-
lyte on the redox side (e.g. positive electrode compartment
22) of the battery may be referred to as the redox electrolyte.
[0017] Anode refers to the electrode where electro-active
material loses electrons and cathode refers to the electrode
where electro-active material gamns electrons. During bat-
tery charge, the positive electrolyte gains electrons at the
negative electrode 26; therefore the negative electrode 26
1s the cathode of the electrochemical reaction. During dis-
charge, the positive electrolyte loses electrons; therefore the
negative electrode 26 1s the anode of the reaction. Accord-
ingly, during charge, the negative electrolyte and negative
clectrode may be respectively referred to as the catholyte
and cathode of the electrochemical reaction, while the posi-
tive electrolyte and the positive electrode may be respec-
tively reterred to as the anolyte and anode of the electroche-
mical reaction. Alternatively, during discharge, the negative
clectrolyte and negative electrode may be respectively
referred to as the anolyte and anode of the electrochemical
reaction, while the positive electrolyte and the positive elec-
trode may be respectively referred to as the catholyte and
cathode of the electrochemical reaction. For sismplicity, the
terms positive and negative are used herem to refer to the
electrodes, clectrolytes, and electrode compartments 1n
redox battery flow systems.

[0018] One example of a hybrid redox flow battery 1s an
all 1ron redox tlow battery (IFB), in which the electrolyte
comprises 1ron 1ons 1n the form of 1ron salts (e.g., FeCl,,
FeCls, and the like), wherein the negative electrode com-
prises metal 1ron. For example, at the negative electrode,
ferrous 10on, Fe2*, receives two electrons and plates as 1ron
metal on to the negative electrode 26 during battery charge,
and 1ron metal, Fe®, loses two electrons and re-dissolves as
Fe2* during battery discharge. At the positive electrode, Fe?
* loses an electron to form ferric 1on, Fe?*, during charge,
and during discharge Fe3* gains an electron to form Fe2*.
The electrochemical reaction 1s summarized 1 equations (1)
and (2), wherein the forward reactions (left to right) mdicate
clectrochemical reactions during battery charge, while the
reverse reactions (right to left) mdicate electrochemical
reactions during battery discharge:

Fe® +2e- <> Fe’ -044V (Negative Electmde) (1)

2 Fe® « 2Fe’ +2e- +0.77V (Pmsitive Electmde) (2)
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[0019] As discussed above, the negative electrolyte used
in the all iron redox tlow battery (IFB) may provide a suffi-
cient amount of Fe2* so that, during charge, Fe?* can accept
two electrons from the negative electrode to form Fe® and
plate onto a substrate. During discharge, the plated Fe? may
then lose two electrons, 10n1zing mnto Fe?* and be dissolved
back into the electrolyte. The equilibrium potential of the
above reaction 1s -0.44 V and thus this reaction provides a
negative terminal for the desired system. On the positive
side of the IFB, the electrolyte may provide Fe2+ during
charge which loses electron and oxidizes to Fe’*. During
discharge, Fe3* provided by the electrolyte becomes Fe2"
by absorbing an ¢lectron provided by the electrode. The
equilibrium potential of this reaction 1s +0.77 V, creating a
positive terminal for the desired system.

[0020] The IFB provides the ability to charge and recharge
its electrolytes 1n contrast to other battery types utilizing
non-regenerating electrolytes. Charge 1s achieved by apply-
ing a current across the electrodes via terminals 40 and 42.
The negative electrode may be coupled via terminal 40 to
the negative side of a voltage source so that electrons may
be delivered to the negative electrolyte via the positive elec-
trode (e.g., as Fe2" 1s oxidized to Fe3" 1n the positive elec-
trolyte 1n the positive electrode compartment 22). The elec-
trons provided to the negative electrode 26 (e¢.g., plating
electrode) can reduce the Fe?" 1n the negative electrolyte
to form Fe? at the plating substrate causing 1t to plate onto
the negative electrode.

[0021] Daischarge can be sustamed while Fe® remains
available to the negative electrolyte for oxidation and
while Fe3* remains available 1n the positive electrolyte for
reduction. As an example, Fe3*t availability can be main-
tained by increasing the concentration or the volume of the
positive electrolyte to the positive electrode compartment 22
side of cell 18 to provide additional Fe3* 10ns via an external
source, such as an external positive electrolyte tank 52.
More commonly, availability of Fe? during discharge may
be an 1ssue m IFB systems, wherein the Fe© available for
discharge may be proportional to the surface area and
volume of the negative electrode substrate as well as the
plating efficiency. Charge capacity may be dependent on
the availability of Fe2* 1n the negative electrode compart-
ment 20. As an example, Fe2™ availability can be maintained
by providing additional Fe2* 1ons via an external source,
such as an external negative electrolyte tank 50 to mcrease
the concentration or the volume of the negative electrolyte
to the negative electrode compartment 20 side of cell 18.
[0022] In an IFB, the positive electrolyte comprises fer-
rous 10n, ferric 1on, ferric complexes, or any combination
thereof, while the negative electrolyte comprises ferrous
1on or ferrous complexes, depending on the state of charge
of the IFB system. As previously mentioned, utilization of
iron 1ons 1 both the negative electrolyte and the positive
electrolyte allows for utilization of the same electrolytic
species on both sides of the battery cell, which can reduce
clectrolyte cross-contamination and can increase the effi-
ciency of the IFB system, resulting 1n less electrolyte repla-
cement as compared to other redox flow battery systems.
[0023] Efliciency losses m an IFB may result from elec-
trolyte crossover through the separator 24 (e.g., 10n-
exchange membrane barrier, micro-porous membrane, and
the like). For example, ferric 1ons 1 the positive electrolyte
may be driven toward the negative electrolyte by a ferric 1on
concentration gradient and an electrophoretic force across
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the separator. Subsequently, ferric 1ons penetrating the
membrane barrier and crossing over to the negative elec-
trode compartment 20 may result in coulombic efliciency
losses. Ferric 1ons crossing over from the low pH redox
side (e.g., more acidic positive electrode compartment 22)
to high pH plating side (e.g., less acidic negative electrode
compartment 20) can result in precipitation of Fe(OH);. Pre-
cipitation of Fe(OH); can damage the separator 24 and
cause permanent battery performance and efficiency losses.
For example, Fe(OH); precipitate may chemically foul the
organic functional group of an 1on-exchange membrane or
physically clog the small micro-pores of an 1on-exchange
membrane. In either case, due to the Fe(OH); precipitate,
membrane ohmic resistance may rise over time and battery
performance may degrade. Precipitate may be removed by
washing the battery with acid, but the constant maintenance
and downtime may be disadvantageous for commercial bat-
tery applications. Furthermore, washing may be dependent
on regular preparation of electrolyte, an adding to process
cost and complexity. Adding specific organic acids to the
positive electrolyte and the negative electrolyte 1n response
to electrolyte pH changes may also mitigate precipitate for-
mation during battery charge and discharge cycling.

[0024] Additional coulombic efficiency losses may be
caused by reduction of H* (e.g., protons) and subsequent
tormation of H, (e.g., hydrogen gas), and the reaction of
protons 1n the negative electrode compartment 20 with elec-
trons supplied at the plated 1ron metal electrode to form
hydrogen gas.

[0025] The IFB electrolyte (¢.g., FeCl,, FeCls, FeSO,, Fe,
(SO4)5, and the like) 1s readily available and can be pro-
duced at low costs. The IFB ¢lectrolyte offers higher recla-
mation value because the same electrolyte can be used for
the negative electrolyte and the positive electrolyte, conse-
quently reducing cross contamination 1ssues as compared to
other systems. Furthermore, owing to 1ts electron configura-
tion, 1ron may solidify mnto a generally uniform solid struc-
ture during plating thereof on the negative electrode sub-
strate. For zinc and other metals commonly used 1n hybrid
redox batteries, solid dendritic structures may form during
plating. The stable electrode morphology of the IFB system
may 1ncrease the efficiency of the battery i comparison to
other redox flow batteries. Further still, iron redox flow bat-
teries reduce the use of toxic raw maternials and can operate
at a relatively neutral pH as compared to other redox flow
battery electrolytes. Accordingly, IFB systems reduce envir-
onmental hazards as compared with all other current
advanced redox flow battery systems mn production.

[0026] FIG. 1 provides a schematic illustration of a redox
flow battery system 10. The redox flow battery system 10
may comprise a redox flow battery cell 18 fluidly connected
to a multi-chambered e¢lectrolyte storage tank 110. The
redox tlow battery cell 18 may generally include a negative
clectrode compartment 20, separator 24, and positive elec-
trode compartment 22. The separator 24 may comprise an
clectrically insulating 1onic conducting barrier which pre-
vents bulk mixing of the positive electrolyte and the nega-
tive electrolyte while allowing conductance of specific 1ons
therethrough. For example, the separator 24 may comprise
an 1on-exchange membrane and/or a microporous mem-
brane. The negative electrode compartment 20 may com-
prise a negative electrode 26, and a negative electrolyte
comprising electroactive materials. The positive electrode
compartment 22 may comprise a positive electrode 28, and
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a positive electrolyte comprising electroactive materials. In
some examples, multiple redox tlow battery cells 18 may be
combined 1n series or parallel to generate a higher voltage or
current 1 a redox tlow battery system. Further illustrated i
FIG. 1 are negative and positive electrolyte pumps 30 and
32, both used to pump ¢lectrolyte solution through the tlow
battery system 10. Electrolytes are stored in one or more
tanks external to the cell, and are pumped via negative and
positive electrolyte pumps 30 and 32 through the negative
clectrode compartment 20 side and the positive electrode
compartment 22 side of the battery, respectively.

[0027] Asillustrated in FIG. 1, the redox flow battery cell
18 may further mnclude negative battery terminal 40, and
positive battery terminal 42. When a charge current 1s
applied to the battery terminals 40 and 42, the positive elec-
trolyte 1s oxidized (lose one or more electrons) at the posi-
tive electrode 28, and the negative electrolyte 1s reduced
(gain one or more ¢lectrons) at the negative electrode 26.
During battery discharge, reverse redox reactions occur on
the electrodes. In other words, the positive electrolyte 1s
reduced (gain one or more electrons) at the positive elec-
trode 28, and the negative electrolyte 1s oxidized (lose one
or more electrons) at the negative electrode 26. The electri-
cal potential difference across the battery 1s maintained by
the electrochemical redox reactions 1 the positive electrode
compartment 22 and the negative electrode compartment
20, and can induce a current through a conductor while the
reactions are sustained. The amount of energy stored by a
redox battery 1s lmmited by the amount of electro-active
material available m electrolytes for discharge, depending
on the total volume of electrolytes and the solubility of the
electro-active matenals.

[0028] The flow battery system 10 may further comprise
an mtegrated multi-chambered electrolyte storage tank 110.
The multi-chambered storage tank 110 may be divided by a
bulkhead 98. The bulkhead 98 may create multiple cham-
bers within the storage tank so that both the positive and
negative electrolyte may be mcluded within a single tank.
The negative electrolyte chamber 50 holds negative electro-
lyte comprising electroactive materials, and the positive
electrolyte chamber 52 holds positive electrolyte compris-
ing e¢lectroactive materials. The bulkhead 98 may be posi-
tioned within the multi-chambered storage tank 110 to yield
a deswred volume ratio between the negative electrolyte
chamber S0 and the positive electrolyte chamber 52. In
one example, the bulkhead 98 may be positioned to set the
volume ratio of the negative and positive electrolyte cham-
bers according to the stoichiometric ratio between the nega-
tive and positive redox reactions. The figure further illus-
trates the fill height 112 of storage tank 110, which may
indicate the liquid level 1n each tank compartment. The fig-
ure also shows gas head space 90 located above the fill
height 112 of negative electrolyte chamber 50, and gas
head space 92 located above the fill height 112 of positive
electrolyte chamber 52. The gas head space 92 may be uti-
lized to store hydrogen gas generated through operation of
the redox tlow battery (e.g., due to proton reduction and
corrosion side reactions) and conveyed to the multi-cham-
bered storage tank 110 with returning electrolyte from the
redox flow battery cell 18. The hydrogen gas may be sepa-
rated spontancously at the gas-liquud mterface (e.g., fill
height 112) within the multi-chambered storage tank 110,
thereby precluding having additional gas-liquid separators
as part of the redox flow battery system. Once separated
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from the electrolyte, the hydrogen gas may fill the gas
head spaces 90 and 92. A such, the stored hydrogen gas
can aid 1n purging other gases from the multi-chamber sto-
rage tank 100, thereby acting as an inert gas blanket for
reducing oxidation of electrolyte species, which can help
to reduce redox tlow battery capacity losses. In this way,
utilizing the mtegrated multi-chambered storage tank 110
may forego having separate negative and positive electro-
lyte storage tanks, hydrogen storage tanks, and gas-lhiquid
separators common to conventional redox tlow battery sys-
tems, thereby simplifying the system design, reducing the
physical footprint of the system, and reducing system costs.
[0029] FIG. 1 also shows the spill over-hole 96, which
creates an opening 1n the bulkhead 98 between gas head
spaces 90 and 92, and provides a means of equalizing gas
pressure between the two chambers. The spill over hole 96
may be positioned a threshold height above the fill height
112. The spill over hole further enables a capability to self-
balance the electrolytes 1n each of the positive and negative
electrolyte chambers 1n the event of a battery crossover. In
the case of an all 1ron redox flow battery system, the same
clectrolyte (Fe2t) 1s used m both negative and positive elec-
trode compartments 20 and 22, so spilling over of electro-
lyte between the negative and positive electrolyte chambers
S0 and 52 may reduce overall system efficiency, but the
overall electrolyte composition, battery module perfor-
mance, and battery module capacity are maintained. Flange
fittings may be utilized for all piping connections for mlets
and outlets to and from the multi-chambered storage tank
110 to maintain a continuously pressurized state without
leaks. The multi-chambered storage tank can include at
least one outlet from each of the negative and positive elec-
trolyte chambers, and at least one mlet to each of the nega-
tive and positive electrolyte chambers. Furthermore, ong or
more outlet connections may be provided from the gas head
spaces 90 and 92 for directing hydrogen gas to rebalancing

reactors 80 and 82.
[0030] Although not shown m FIG. 1, imntegrated multi-

chambered electrolyte storage tank 110 may further include
one or more heaters thermally coupled to each of the nega-
tive electrolyte chamber 50 and the positive electrolyte
chamber 52. In alternate examples, only one of the negative
and positive electrolyte chambers may include one or more
heaters. In the case where only the positive electrolyte
chamber 1ncludes one or more heaters, the negative electro-
lyte may be heated by transterring heat generated at the bat-
tery cells ot the power module to the negative electrolyte. In
this way, the battery cells of the power module may heat and
facilitate temperature regulation of the negative electrolyte.
The one or more heaters may be actuated by the controller
88 to regulate a temperature of the negative electrolyte
chamber 50 and the positive electrolyte chamber mdepen-
dently or together. For example, 1in response to an electrolyte
temperature decreasing below a threshold temperature, the
controller may mcrease a power supplied to one or more
heaters so that a heat flux to the electrolyte 1s 1ncreased.
The electrolyte temperature may be indicated by one or
more temperature sensors mounted at the multi-chambered
clectrolyte storage tank 110, mncluding sensors 60 and 62. As
examples the one or more heaters may clude coil type
heaters or other immersion heaters immersed 1n the electro-
lyte fluad, or surface mantle type heaters that transtfer heat
conductively through the walls of the negative and positive
clectrolyte chambers to heat the fluid theremn. Other known
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types of tank heaters may be employed without departing
from the scope of the present disclosure. Furthermore, con-
troller 88 may deactivate one or more heaters 1n the negative
and positive electrolyte chambers 1n response to a liquid
level decreasing below a solids fill threshold level. Said n
another way, controller 88 may activate the one or more
heaters 1 the negative and positive electrolyte chambers
only 1n response to a liquid level increasing above the solids
fill threshold level. In this way, activating the one or more
heaters without sufficient liquid 1 the positive and/or nega-
tive electrolyte chambers can be averted, thereby reducing a
risk of overheating or burning out the heaters.

[0031] Further still, one or more mlet connections may be
provided to each of the negative and positive electrolyte
chambers from a field hydration system 310. In this way,
the field hydration system can facilitate commissioning of
the redox flow battery system, mcluding mstalling, filling,
and hydrating the system, at an end-use location. Further-
more, prior to 1ts commuissioning at the end-use location,
the redox flow battery system may be dry-assembled at a
battery manufacturing facility different from end-use loca-
tion without filling and hydrating the system, betfore deliver-
ing the system to the end-use location. In one example, the
end-use location may correspond to the location where the
redox flow battery system 1s to be installed and utilized for
on-site energy storage. Said 1n another way, 1t 18 anticipated
that, once mstalled and hydrated at the end-use location, a
position of the redox tlow battery system becomes fixed, and
the redox flow battery system 1s no longer deemed a porta-
ble, dry system. Thus, from the perspective of a redox flow
battery system end-user, the dry portable redox flow battery
system may be delivered on-site, after which the redox flow
battery system 1s installed, hydrated and commissioned.
Prior to hydration the redox flow battery system may be
referred to as a dry, portable system, the redox flow battery
system being free of or without water and wet electrolyte.
Once hydrated, the redox flow battery system may be
referred to as a wet non-portable system, the redox flow bat-
tery system including wet electrolyte.

[0032] Further illustrated mm FIG. 1, electrolyte solutions
typically stored in the multi-chambered storage tank 110
are pumped via negative and positive electrolyte pumps 30
and 32 throughout the flow battery system 10. Electrolyte
stored 1n negative electrolyte chamber 50 1s pumped via
negative electrolyte pump 30 through the negative electrode
compartment 20 side, and electrolyte stored 1n positive elec-
trolyte chamber 52 1s pumped via positive electrolyte pump
32 through the positive electrode compartment 22 side of the

battery.
[0033] Two electrolyte rebalancing reactors 80 and 82,

may be connected in-line or 1n parallel with the recirculating
tlow paths of the electrolyte at the negative and positive
sides of the battery, respectively, i the redox flow battery
system 10. One or more rebalancing reactors may be con-
nected m-line with the recirculating flow paths of the elec-
trolyte at the negative and positive sides of the battery, and
other rebalancing reactors may be connected 1n parallel, for
redundancy (e.g., a rebalancing reactor may be serviced
without disrupting battery and rebalancing operations) and
for increased rebalancing capacity. In one example, the elec-
trolyte rebalancing reactors 80 and 82 may be placed 1n the
return flow path from the positive and negative electrode
compartments 20 and 22 to the positive and negative elec-
trolyte chambers 50 and 52, respectively. Electrolyte reba-
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lancing reactors 80 and 82 may serve to rebalance electro-
lyte charge mmbalances i the redox flow battery system
occurring due to side reactions, 10on crossover, and the like,
as described herein. In one example, electrolyte rebalancing
reactors 80 and 82 may include trickle bed reactors, where
the hydrogen gas and electrolyte are contacted at catalyst
surfaces 1 a packed bed for carrying out the electrolyte
rebalancing reaction. In other examples the rebalancing
reactors 80 and 82 may mclude flow-through type reactors
that are capable of contacting the hydrogen gas and the elec-
trolyte liquid and carrying out the rebalancing reactions 1n
the absence a packed catalyst bed.

[0034] Durning operation of a redox flow battery system,
sensors and probes may monitor and control chemical prop-
erties of the electrolyte such as electrolyte pH, concentra-
tion, state of charge, and the like. For example, as 1llustrated
in FI1G. 1, sensors 62 and 60 maybe be positioned to monitor
positive electrolyte and negative electrolyte conditions at
the positive electrolyte chamber 52 and the negative electro-
lyte chamber 50, respectively. In another example, sensors
62 and 60 may cach include one or more electrolyte level
sensors to mndicate a level of electrolyte 1n the positive elec-
trolyte chamber 52 and the negative electrolyte chamber 50,
respectively, as described further with reference to FIG. 2.
As another example, sensors 72 and 70, also illustrated 1n
FIG. 1, may monitor positive electrolyte and negative elec-
trolyte conditions at the positive electrode compartment 22
and the negative electrode compartment 20, respectively.
Sensors may be positioned at other locations throughout
the redox tlow battery system to monitor electrolyte chemi-
cal properties and other properties. For example a sensor
may be positioned 1mn an external acid tank (not shown) to
monitor acid volume or pH of the external acid tank,
wherein acid from the external acid tank 1s supplied via an
external pump (not shown) to the redox flow battery system
in order to reduce precipitate formation in the electrolytes.
Additional external tanks and sensors may be installed for
supplying other additives to the redox flow battery system
10. For example, various sensors including, temperature,
conductivity, and level sensors of a field hydration system
310 may transmit signals to the controller 88. Furthermore,
controller 88 may send signals to actuators such as valves
and pumps of the field hydration system 310 during hydra-
tion of the redox flow battery system. Sensor mformation
may be transmitted to a controller 88 which may 1n tumn
actuate pumps 30 and 32 to control electrolyte flow through
the cell 18, or to perform other control functions, as an
example. In this manner, the controller 88 may be respon-
sive to, one or a combination of sensors and probes.

[0035] Redox flow battery system 10 may further com-
prise a source of hydrogen gas. In one example the source
of hydrogen gas may comprise a separate dedicated hydro-
oen gas storage tank. In the example of FIG. 1, hydrogen gas
may be stored 1n and supplied from the integrated multi-
chambered electrolyte storage tank 110. Integrated multi-
chambered electrolyte storage tank 110 may supply addi-
tional hydrogen gas to the positive electrolyte chamber 52
and the negative electrolyte chamber 50. Integrated multi-
chambered electrolyte storage tank 110 may alternately sup-
ply additional hydrogen gas to the mlet of electrolyte reba-
lancing reactors 80 and 82. As an example, a mass flow
meter or other flow controlling device (which may be con-
trolled by controller 88) may regulate the flow of the hydro-
gen gas from mtegrated multi-chambered electrolyte storage




US 2023/0155155 Al

tank 110. The mtegrated multi-chambered ¢lectrolyte sto-
rage tank 110 may supplement the hydrogen gas generated
in redox flow battery system 10. For example, when gas
leaks are detected 1n redox flow battery system 10 or when
the reduction reaction rate 1s too low at low hydrogen partial
pressure, hydrogen gas may be supplied from the integrated
multi-chambered electrolyte storage tank 110 1n order to
rebalance the state of charge of the electro-active species
in the positive electrolyte and negative electrolyte. As an
example, controller 88 may supply hydrogen gas from mte-
orated multi-chambered e¢lectrolyte storage tank 110 1n
response to a measured change m pH or 1n response to a
measured change 1 state of charge of an electrolyte or an
clectro-active species. For example an increase i pH of the
negative electrolyte chamber 50, or the negative electrode
compartment 20, may indicate that hydrogen 1s leaking
from the redox flow battery system 10 and/or that the reac-
tion rate 1s too slow with the available hydrogen partial pres-
sure, and controller 88, 1n response to the pH increase, may
increase a supply of hydrogen gas from mtegrated multi-
chambered electrolyte storage tank 110 to the redox flow
battery system 10. As a further example, controller 88 may
supply hydrogen gas from mtegrated multi-chambered elec-
trolyte storage tank 110 1 response to a pH change, wherein
the pH 1ncreases beyond a first threshold pH or decreases
beyond second threshold pH. In the case of an IFB, control-
ler 88 may supply additional hydrogen to increase the rate of
reduction of terric 10ons and the rate of production of protons,
thereby reducing the pH of the positive electrolyte. Further-
more, the negative electrolyte pH may be lowered by hydro-
oen reduction of ferric 1ons crossing over from the positive
clectrolyte to the negative electrolyte or by proton generated
at the positive side crossing over to the negative electrolyte
due to a proton concentration gradient and electrophoretic
torces. In this manner, the pH of the negative electrolyte
may be maintammed within a stable region, while reducing
the risk of precipitation of ferric 1ons (crossing over from
the positive electrode compartment) as Fe(OH)s. Other con-
trol schemes for controlling the supply rate of hydrogen gas
from mtegrated multi-chambered electrolyte storage tank
110 responsive to a change 1 an electrolyte pH or to a
change 1 an electrolyte state of charge, detected by other
sensors such as an oxygen-reduction potential (ORP)
meter or an optical sensor, may be implemented. Further
stll, the change 1 pH or state of charge triggering the action
of controller 88 may be based on a rate of change or a
change measured over a time period. The time period for
the rate of change may be predetermined or adjusted based
on the time constants for the redox flow battery system. For
example the time period may be reduced 1f the recirculation
rate 1s high, and local changes 1n concentration (e.g., due to
side reactions or gas leaks) may quickly be measured since

the time constants may be small.
[0036] Turning now to FIG. 2, it shows an embodiment

300 of a field hydration system 310 configured to couple
to an external water supply 390. Solid lines 1n FIG. 2 indi-
cate passages 1n the field hydration system, such as the sup-
ply line 314, for conveying water. Intervening components
located atop the solid lines 1illustrate one or more compo-
nents arranged along the respective passages. The compo-
nents may filter the water, transmit signals to one or more
controllers (1including controller 88) indicating a condition
of the water (¢.g., a conductivity, flow rate, and the like), and
the controller may send signals to the components for reg-
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ulating flow to various passages located within the field
hydration system 310. The external water supply 390 1s
located outside of the field hydration system 310 and 1s con-
figured to deliver water to and receive water from field
hydration system 310 during hydration of a redox flow bat-
tery system fluidly coupled to the field hydration system 310
at an end-use location. The hydration of a redox flow battery
system by way of field hydration system 310 1s described 1n
orcater detail below with respect to FIGS. 4A, 4B, and 4C.
As described above, a controller, such as controller 88 may
send and receive signals to one or more sensors, valves,
pumps, and the like, of the field hydration system 310. In
one example, field hydration system 310 may mclude 1its
own dedicated controller 1s similar to the controller 88 of
FIG. 1. In this case, the dedicated controller and the control-
ler 88 may send and recerve signals therebetween m order to
coordinate hydration of the redox flow battery system.
Furthermore, the dedicated controller and/or controller 88
may comprise executable instructions stored on memory
thereon that enable the controllers to adjust various sensors
and actuators described below 1n the field hydration system
310 and the redox tlow battery system 10 1n order to hydrate
the redox flow battery system. Additionally or alternatively,
one or more of the actions described herein may be per-

formed manually by an operator.
[0037] The field hydration system 310 may be a portable

system, and may be delivered disassembled as its compo-
nent parts to an end-use location of the redox tflow battery
system where the field hydration system can be assembled.
In other examples, the field hydration system 310 may be
deployed 1n an assembled or partially assembled form to
the end-use location where redox flow battery installation
1s desired. For example, the end-use location may include
a customer’s facility where energy storage provided by the
redox flow battery system 1s to be utilized. As such, follow-
ing delivery and installation of the redox flow battery sys-
tem 10 at the end-use location, including fixedly coupling
the redox flow battery system to a surface (thereby fixing a
position thereat), the field hydration system 310 may be
assembled and fluidly coupled to the redox flow battery sys-
tem 10. As described above with reference to FIG. 1. the
field hydration system 310 may be fluidly coupled to the
redox flow battery system 10 by way of one or more mlets
and outlets to and from the negative and positive electrolyte
chambers 50 and 52. In the example of FIG. 1, the negative
and positive electrolyte chambers 50 and 52 are included
within an integrated multi-chamber storage tank 110. In
other example redox flow battery systems, the negative
and positive electrolyte chambers 50 and 52 may respec-
tively be included 1n separate clectrolyte storage tanks.
The field hydration system 310 comprises one or more coms-
ponents configured to prepare (e.g., hydrate) electrolytes for
both positive and negative terminals of a redox flow battery,
as will be described 1n greater detail below. In the example
of FIG. 2, field hydration system includes a water supply
pump 312 for supplying water from a supply source 392,
filtration system 320, and bypass and diverter valves 336
and 340 for directing water to drain and to the electrolyte
chambers, respectively.

[0038] The electrolyte preparation may include determin-
ing a desired electrolyte chemical composition, which may
include determining a startup concentration of the electro-
lytes at each of the positive and negative electrolyte cham-
bers. The electrolytes may include one or more of salts and
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acids, as described previously. The startup concentration
may be based on one or more of composition of the electro-
lytes, the composition of the electrolyte chambers, the spe-
cific battery chemistry, and power output of the redox tlow

battery.
[0039] 'The field hydration system 310 comprises a water

supply pump 312 fluidly coupled to receive water from a
water supply 392 of the external system 390. In one example
the water supply 392 may comprise a municipal water sup-
ply or a treated water supply such as a deionized water or
distilled water supply. The water supply pump 312 1s fluidly
coupled to the water supply 392 via a supply line 314. The
supply line 314 may be a nigid pipe, flexible hose, and/or
conduit configured to direct water from the water supply
392 to the water supply pump 312. The supply line 314
may be flexible, and or rigid, or both. In some embodiments,
additionally or alternatively, the supply line 314 may com-
prise one or more bends to accommodate a flow path for
coupling the field hydration system 310 to the water supply
392. A water intake control valve 316 may be positioned 1n
the supply line 316 between the water supply 392 and the
water supply pump 312 for adjusting water flow to the water
supply pump 312. In one example, the water mtake control
valve 316 1s an electronic valve electrically coupled to one
or more controllers (such as controller 88) and configured to
actuate through a range of positions between fully closed
and fully open. For example, the water intake control
valve 316 may move to a more closed position, where less
water 18 admitted into the supply line 314 than 1 a more
open position. It will be appreciated that the water intake
control valve 316 may be mechanical and/or pneumatic
without departing from the scope of the present disclosure.
[0040] The water supply pump 312 may be electrically,
hydraulically, electrically, and/or fuel powered. The water
supply pump 312 1s configured to direct water throughout
one or more passages located downstream of the water sup-
ply pump 312 relative to a direction of water flow. The water
supply pump 312 draws water from the water supply 392,
where the water flows through the supply line 314 and 1s
directed by the water supply pump 312 to a filtration system
320. The filtration system 320 1s downstream of the water
supply pump 312 relative to a direction of water flow. The
filtration system 320 may include one or more arrays or
banks of filters arranged 1n parallel. Having a plurality of
banks arranged 1n parallel may allow for a higher capacity
of water filtration, and may enable continued filtration of
water when a filter capacity has been reached and while
one or more filters are replaced. Each of the banks may com-
prise one or more filters configured to remove contaminants
from the supply water. In the example hydration system of
FIG. 2, a first bank of filters comprises a first filter 322, a
second filter 324, and a third filter 326, corresponding to a
three-stage filtration. Likewise, a second bank of filters
comprises a first filter 322, a second filter 324, and a third
filter 326, corresponding to a three-stage filtration. The first
filters 322A and 322B may be substantially 1identical to one
another 1n size, shape, and composition. The first filters

322A and 322B may be deionizing or charcoal filters.
[0041] 'The second filters 324A and 324B and the third

filters 326A and 326B may be substantially i1dentical
s1ze, shape, and composition. The second filters 324A and
324B and third filters 326 A and 326B may be deionizing or

charcoal filters. In one example, the first filters 322A and
322B are deiomizing filters and the second filters 324A,
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324B, and third filters 326A, 326B are charcoal filters.
Additionally or alternatively, one or more of the filters
may be a combination filter having both deionmizing and
charcoal elements. The filters may be configured to remove
one or more of salts, particulates, and other impurities, such
that the water exiting the filtration system 320 may have a
conductivity less than a threshold conductivity. As such,
water tflowing downstream of the filtration system 320 may
consist essentially of H,O, 1n one example.

[0042] The supply line 314 delivers water into the filtra-
tion system 320, where the supply line 314 bifurcates into a
first filter passage 328A and a second filter passage 328B.
First filter 322A, second filter 324A, and third filter 326A
(e.g., the first filter set) are arranged along the first filter
passage 328A. First filter 322B, second filter 324B, and
third filter 326B (¢.g., the second filter set) are arranged
along the second ﬁlter passage 328B. In one example, the
first 328 A and second 328B {ilter passages are separated to
increase a water flow rate through the filtration system 320.
Filtered water from the first filter passage 328 and the sec-
ond filter passage 328 combine 1 a single feed line 332

before flowing to a sensor.
[0043] One or more sensors 334 are arranged 1n the feed

line 332 directly downstream of the filtration system 320. In
one example, the sensor 334 includes a conductivity sensor
334. The conductivity sensor 334 1s configured to measure a
conductivity of the filtered water flowing through the feed
line 332 toward a bypass valve 336 and a diverter valve 340
fluidly coupled downstream from the bypass valve. In the
example of FIG. 2, bypass valve 336 and diverter valves
340 are 3-way valves. This may be accomplished by mon-
itoring a salt concentration i the water downstream of the
filtration system 320. In one example, operation of a diverter
valve 340 and/or a bypass valve 336 may be adjusted based
on feedback from the conductivity sensor. For example, 1f
the conductivity sensor measures a filtered water sample
having a conductivity greater than a threshold conductivity,
then the controller (e.g., controller 88 of FIG. 1) may signal
to an actuator of bypass valve 336 to direct flow away from
diverter valve 340 to the drain 394. The threshold conduc-
tivity may refer to a conductivity above which degradation
of the redox flow battery system may occur or a coulombic
efficiency of the flow battery system may be less than
desired. For example, hydrating the redox flow battery sys-
tem with water having a conductivity greater than the
threshold conductivity may mterfere with 1on transport
across the separator, lower mass transfer and diffusion of
metal 1ons to and from the battery cell electrodes, degrade
pH control, induce premature charge capacity loss, and the
like. In this way, water having a higher conductivity may be
delivered from the feed line 332 to the drain 394 of the
external system 390 1s fluidly coupled to the bypass line
338, thereby reducing a risk of degradation of the redox
tlow battery system.

[0044] In contrast, 1f the conductivity measured at sensor
334 1s less than the threshold conductivity, then the control-
ler may position bypass valve 336 to direct water flow
towards diverter valve 340. Depending on a position of
diverter valve 340, filtered water may then be directed to
flow towards the first electrolyte chamber 350 or the second
clectrolyte chamber 360 of a redox flow battery system. In
one example, the first electrolyte chamber 350 and the sec-
ond electrolyte chamber 360 may correspond to the negative
clectrolyte chamber 50 and the positive electrolyte chamber
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52, respectively, of an imtegrated multi-chamber storage
tank 110. In this way field hydration system 310 may be
flmudly coupled to the redox flow battery system 10. In
other examples, the first electrolyte chamber 350 or the sec-
ond electrolyte chamber 360 may correspond to negative
and positive electrolyte chambers, each positioned 1n sepa-
rate electrolyte storage tanks. Furthermore, the first electro-
lyte chamber may alternately represent a positive electrolyte
chamber and the second electrolyte chamber may represent
a negative electrolyte chamber. By fluidly coupling the field
hydration system to the redox flow battery system 10, the
negative and positive electrolyte solutions may be prepared
in-situ and at the end-use location away from the battery
manufacturing facility from a dry redox flow battery system
including dry electrolyte and free of water and wet electro-
lyte. The tlow rate of filtered water to first and second elec-
trolyte chambers 350 and 360 may be regulated by water
supply pump 312.

[0045] As described above with reference to electrolyte
chambers 50 and 52, the first electrolyte chamber and the
second electrolyte chambers 350 and 360 may cach include
one or more level sensors electrically coupled to the control-
ler 88. For example, first electrolyte chamber 350 may com-
prise a first level sensor system 370 including a first level
sensor 372, a second level sensor 374, and a third level sen-
sor 376. The first 372, second 374, and third 376 level sen-
sors maybe be vertically stacked above one another, with the
third sensor 376 being positioned higher than the second
level sensor 374 and the second sensor bemng positioned
than the first level sensor 372. In this way, the sensors may
detect three distinct fluid levels 1n the first electrolyte cham-
ber 350, which can aid 1n facilitating a staged filling process
thereof. In another configuration, first level sensor system
370 may include a pressure-type level sensor capable of
measuring the fluid level 1n the first electrolyte chamber
350 based on a hydraulic pressure therein. A second level
sensor system 380 for the second ¢lectrolyte chamber 360
may include first, second, and third level sensors 382, 384,
and 386, respectively. The second level sensor system 380
may be configured similarly to the first level sensor system
370, as previously described.

[0046] The second level sensor system 380 1s substantially
1dentical to the first level sensor system 370 i function,
wherein both systems utilize the sensors located therein for
monitoring a fill-level of the tanks. As an example, the first
level sensor system 370 may monitor a stage-wise filling the
first electrolyte chamber 350 to lower, intermediate, and
upper threshold volumes via the first 372, second 374, and
third 376 sensors, respectively. Likewise, the second level
sensor system 380 may monitor a stage-wise filling the sec-
ond electrolyte chamber 360 to lower, intermediate, and
upper threshold volumes via the first 382, second 384, and
third 386 sensors, respectively. A location of sensors 1n the
first electrolyte chamber 350 and the second electrolyte
chamber 360 may thus be positioned to correspond to the
lower, intermediate, and upper threshold volumes of both
first and second electrolyte chambers 350 and 360, respec-
tively. The lower, intermediate, and upper threshold
volumes of both first and second electrolyte chambers 350
and 360 may be the same or disparate.

[0047] In some examples, additionally or alternatively, the
field hydration system 310 may be configured to drain ong
or more of the first 350 and second 360 clectrolyte cham-
bers. As such, a water level of one or more of the first 350
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and second 360 electrolyte chambers may decrease. Once a
sufficient amount of water 1s removed from the tanks. the
tanks may be suitable for transportation to location different
than the current location. In some examples the liquid elec-
trolyte may be completely drained from the redox tlow bat-
tery system, and a first and second amount of dry ¢lectrolyte
precursor may be added to the first and second electrolyte
chambers. In one example, draiming of hquid electrolyte
from the first and second ¢lectrolyte chambers may be con-
ducted by directing c¢lectrolyte therefrom through diverter
valve 340 and bypass valve 336 to the drain 394. As pre-
viously described, the first and second amounts may corre-
spond to a desired concentration of first and second electro-
lytes 1 the first and second electrolyte chambers during an
operating mode, In this way, electrolytes are shipped dry 1n
the redox flow battery system from a first in-use location to a
second m-use location, where the electrolytes are hydrated
in response to a demand to use the redox flow battery sys-
tem. However, 1n response to a demand to move the redox
flow battery system from the second location to a third m-
use location, the electrolytes may be dramed of water and/or
liquid electrolyte and transported to the third location. In
response to a demand to use the redox flow battery system,
the electrolytes are hydrated similarly to the hydration at the
second location.

[0048] Turning now to FIG. 3, 1t shows a high-level Hlow
chart depicting a method 400 for hydrating a redox flow
battery system with the field hydration system 310. Instruc-
tions for carrying out method 400 and the rest of the meth-
ods 1ncluded heremn may be executed by a controller (¢.g.,
controller 88) based on instructions stored on a memory of
the controller and 1n conjunction with signals recerved tfrom
sensors of the redox flow battery system 10 and the field
hydration system 310 such as the sensors described above
with reference to FIGS. 1 and 2. The controller may employ
actuators of the redox flow battery system and/or field
hydration system of FIG. 2 to adjust operation thereof,
according to the methods described below.

[0049] The method 400 begins at 402, where the method
includes loading chemicals (e.g., dry electrolyte precursors)
into the first 350 and second 360 electrolyte chambers of
FIG. 2. As described above, 1 some cases, the dry electro-
lyte precursors may be pre-loaded prior to delivery to the
end-use site. In other cases, the dry electrolyte precursors
may be shipped 1 appropniate storage vessels such as
drums or sacks, and loaded into the first and second electro-
lyte chambers at the end-use location. In some cases, the
electrolyte precursors may be 1n completely anhydrous
form. In some cases, the precursors may be in crystal
form. In some cases, the precursors may be 1n concentrated
forms. In any case, the pre-hydrated redox flow battery sys-
tem, including the first and second electrolyte chambers 350
and 360, consists essentially of a dry system, free of water
and wet electrolyte. In the case of an IFB, the dry chemicals
may mclude one or more of FeCl,, FeCls, FeSO,, Fe,(SO,)
3, and the like. An amount of dry chemicals loaded mnto each
of the chambers may be based on a desired electrolyte com-
position for each of the first and second electrolyte cham-
bers. The chemicals are loaded 1nto the tanks and/or cham-
bers dry and free of water and/or other liquad solvents. This
ensures the chemicals are stored 1n the tanks and/or cham-
bers 1n a dry state.

[0050] At 404, the method mncludes transporting the redox
flow battery system, including the first and second electro-
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lyte chambers 350 and 360, and the field hydration system
310 to the end-use site. Transporting may include shipping
by truck, rail, ship, or other mode of transportation. As
described above, 1n the dry state, the redox flow battery sys-
tem, and the field hydration system may be considered as
portable systems. Furthermore, the field hydration system
310 may be disassembled nto 1ts component parts to facil-
itate transport. Also at 404, the redox tlow battery system
may be 1nstalled at the end-use location, fixing a position
thercof. Furthermore, the field hydration system may be
assembled, mstalled, and fluidly coupled to the redox flow
battery system. At 406, the method includes connecting a
water supply pump 312 of the field hydration system 310
to a water supply source 392 at the end-use location. In the
example of FIG. 2, the water supply pump 312 1s coupled to
a water source 392 via the supply line 314. At 408, the
method includes hydration of the redox flow battery system.
This may mclude activating the water supply pump 312 and
tlowing water through the various hoses, pipes, filters, sen-
sors, and valves of the field hydration system. Hydration of
the redox flow battery system 1s described 1n greater detail
with respect to FIGS. 4A, 4B and 4C. At 410, following
hydration of the redox flow battery system, the redox flow
battery system may begin operation as described with refer-
ence to FIG. 1. The redox flow battery system may begin
operation, including charging of the redox flow battery sys-
tem, 1n response to decoupling the field hydration system
310 therefrom. After beginning operation of the redox flow
battery system, the field hydration system 310 may be dis-
assembled, portably relocated, assembled and recoupled to
the same or another redox flow battery system for commis-
sioning and hydrating the redox flow battery system with the
field hydration system and/or dramning the redox tlow bat-
tery system. In this way the field hydration system together
with a redox flow battery system may convert the redox flow
battery system to a self-draiming rehydratable redox flow
battery system.

[0051] Turning now to FIGS. 4A, 4B, and 4C, they show a
method 500 for hydrating the dry electrolytes 1n the first and
second electrolyte chambers 350 and 360. Specifically, the

method 500 further describes hydration of a dry redox flow
battery system (step 408 of method 400 of FIG. 3).

[0052] The method 500 begins at 502, where the method
includes opening the water intake control valve 316. In one
example, the water mtake control valve 1s moved to a fully
open position to allow water from the water supply to flow
to the water supply pump 312 via the supply line. At 504,
the method may 1nclude activating the water supply pump
312, which conveys water flow through the field hydration
system 310 to the first and second electrolyte chambers 350
and 360. At 506, the method may include flowing water
through one or more filters of a filtration system 320 to
remove 1mpurities, and to lower the supply water
conductivity.

[0053] At 508, the method includes determining 1f a water
conductivity 1s less than a threshold conductivity. The con-
ductivity may be measured by one or more conductivity sen-
sors. It the water conductivity 1s not less than the threshold,
one or more filters of the filtration system 320 may be
e¢xhausted. Thus method S00 may proceed from 508 to
510, where the bypass control valve 336 may be positioned
to direct water flow to the drain 394, thereby bypassing the
redox tlow battery system. The water conductivity may be
continuously monitored by the controller via conductivity
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sensor 334 throughout the method 500. Thus, at any point
during hydration of the redox flow battery system may be
stopped or paused by positioning bypass control valve 336
to direct the supply water flow to the drain during a condi-
tion where the conductivity of the supply water 1s greater
than the threshold conductivity.

[0054] For the case where the supply water conductivity 1s
oreater than the threshold conductivity, method 500 may
proceed to 512 from 510, where the method includes deac-
tivating the water supply pump 312, thereby stopping the
supply of water from the water source external to the field
hydration system. For example, water intake control valve
316 may be adjusted to the fully closed position, thereby
preventing water from flowing from the water source 392
to the supply line 314 of FIG. 2. Next, at 514, 1 response
to the supply water conductivity being greater than the
threshold conductivity, the method may mclude signaling
degradation of one or more filters of the field hydration sys-
tem. Signaling degradation may include sending an audio
and/or visual signal to the operator. In the example of FIG.
2, each of the filters 1s mdicated degraded due to the con-
ductivity sensor being location downstream of a junction
where filtered water from the two banks of filters merge 1n
the feed line. However, 1t will be appreciated that each bank
may comprise 1ts own conductivity sensor, such that one
bank may be tlagged as degraded and the other bank may
not. Additionally or alternatively, a conductivity sensor may
be located directly downstream of each individual filter. In
this way, each filter of the filter system may be mndividually
diagnosed after water tflows therethrough.

[0055] Returning to 508, if the water conductivity 1s less
than the threshold conductivity, then hydration of the dry
electrolyte precursors 1n the first electrolyte chamber may
be mitiated, mcluding stage-wise filling and heating thereof.
The method may proceed to 516 from 508, where the
method 1includes positioning the bypass valve 336 and the
diverter valve 340 to direct the flow of filtered water to the
first electrolyte chamber 350. As such, water from the filtra-
tion system 320 tlows through the feed line 332, through the
first electrolyte chamber passage 352, and 1nto the first elec-
trolyte chamber 350. In this way, hydration of the dry elec-
trolyte precursors 1 the first electrolyte chamber 350 1s
mitiated. However, chemicals m the second electrolyte
chamber and/or second chamber are free of water and
remain dry. It will be appreciated that 1n alternative embodi-
ments, water may flow to the second electrolyte chamber
before flowing to the first electrolyte chamber without
departing from the scope of the present disclosure.

[0056] At 518, the method may include determining 1f a
first electrolyte chamber volume 1s greater than a first
threshold volume (e.g., a first electrolyte chamber lower
threshold volume). Determining if the first electrolyte cham-
ber volume 1s greater than the first threshold volume may
include determining if a fluad level i the first electrolyte
chamber 350 has reached the level of a first level sensor
372. Additionally or alternatively, a hydraulic pressure of
the fluad 1n the first electrolyte chamber may reach a first
threshold pressure, which corresponds to the first threshold
volume. The first threshold volume may correspond to a first
dilution volume of the electrolyte mn the first electrolyte
chamber. After the fluid volume reaches the first threshold
volume, enough dissolution of the dry electrolyte precursor
may occur so that circulation and mixing of the fluid 1n the
first electrolyte chamber can be started. In one example, the
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first threshold volume may mclude up to 20% of the volume
of the first electrolyte chamber. If the first electrolyte cham-
ber volume 1s not greater than the first threshold volume,
then the method may proceed from 518 to 520 to continue
tlowing water to the first electrolyte chamber without acti-
vating the first electrolyte chamber heater and without acti-
vating the first electrolyte recirculation pump.

[0057] If the first electrolyte chamber volume 1s greater
than or equal to the first threshold volume, then the method
may proceed from 518 to 522, where the method includes
activating or mcreasing power supplied to a first electrolyte
chamber heater 1n order to raise a temperature of the fluid in
the first electrolyte chamber to a first threshold temperature.
By mcreasing a temperature of the first electrolyte chamber
solution, dissolution of the dry electrolyte precursors m the
first electrolyte chamber may occur more rapidly. As such,
the first threshold temperature may be predetermined based
on the solubility of the dry electrolyte precursors; as the
solubility increases, the first threshold temperature may
decrease, and vice versa. Furthermore, at temperatures
lower than the first threshold temperature dissolution may
be mcomplete or precipitation may occur, which decreases
homogeneity and may increase the time consumed by the
hydration process, thereby increasing operation costs. In
onc example, the first threshold temperature may be
between 45-65° C.

[0058] At 524, the method may include activating an elec-
trolyte recirculation pump fluidly connected to the first elec-
trolyte chamber to recirculate the fluid 1n the first electrolyte
chamber to aid 1n more homogeneous mixing and heating of
the electrolyte fluid and to accelerate salt dissolution. In one
example, the electrolyte recirculation pump may refer to an
clectrolyte pump 30 or 32 fluidly connected to the first elec-
trolyte chamber. In this way, fluid from the first electrolyte
chamber may be pumped via the electrolyte recirculation
pump 1n a recirculation loop and returned to the first electro-
lyte chamber. Accordingly, during hydration of the redox
flow battery system, a bypass valve (not shown m FIG. 1),
fluidly coupled between the electrolyte recirculation pump
discharge and the first electrolyte chamber may be posi-
tioned to divert fluud from the pump directly back to the
first electrolyte chamber, bypassing the redox flow battery
cells 18 of the power module.

[0059] At 326, the method may include determinming 1f the
first electrolyte chamber fluid volume 1s greater than the sec-
ond threshold volume (e.g., an mtermediate threshold
volume) greater than the first threshold volume. The second
threshold volume may correspond to level mdicated by a
second level sensor (e.g., second level sensor 374) of the
first electrolyte chamber. Additionally or alternatively, a
hydraulic pressure of the fluud 1n the second electrolyte
chamber may be equal to a second threshold pressure,
which corresponds to an mtermediate threshold volume of
the first electrolyte chamber, between the lower and upper
threshold volumes.

[0060] If the first electrolyte chamber volume 1s not
oreater than or equal to the second threshold volume, then
the method may proceed from 526 to 528 to continue flow-
ing water to the first electrolyte chamber with the heater
activated. The method continues to monitor a water level
of the first electrolyte chamber. If the first electrolyte cham-
ber volume 1s greater than or equal to the second threshold
volume, then stage-wise filling of the first electrolyte cham-
ber 1s paused, and the method proceeds to 530 from 526 to
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shut-ott flow of filtered water from the filtration system 320
to the second electrolyte chamber 360. Additionally, the first
electrolyte recirculation pump 1s switched off at 532.
Although filling and recirculation of the first electrolyte
chamber 15 paused, heating of the first electrolyte chamber
1s maintained at 334 of 4B. In one example, the fluid tem-
perature of the first electrolyte chamber 1s maintained at the
first threshold temperature. By mamtaming the fluid tem-
perature of the first electrolyte chamber at the first threshold
temperature, a risk of precipitation 1n the first electrolyte
chamber may be reduced.

[0061] Next, hydration of the dry electrolyte precursors 1n
the second electrolyte chamber 1s imtiated, mncluding stage-
wise filling and heating thereof. Hydration of the dry elec-
trolyte precursors in the second electrolyte chamber 1s
mitiated, including stage-wise filling and heating thereof,
may proceed by way of steps 536 through 553, analogously
to steps 516 through 334 for the first electrolyte chamber. In
this way, hydration and stage-wise filling and heating of
both the first and second c¢lectrolyte chambers may be
started. In the case of an mtegrated multi-chamber storage
tank, stage-wise filling and heating of the first and second
electrolyte chambers may facilitate maintaining a pressure
ditference between the first and second electrolyte chambers
less than a threshold pressure ditference. Stage-wise filling
and heating of the first and second electrolyte chambers may
turther allow for tfaster heating and dissolution of the elec-
trolyte since smaller volumes of fluid can be heated and used
for dry electrolyte dissolution.

[0062] In some embodiments where only one of the first
and second e¢lectrolyte chambers comprises a heater, both
chambers receive a stmilar amount of water and the cham-
bers are fluidly coupled to heat solutions of each of the
respective chambers. The amount of water may be greater
than first threshold volume and less than the third threshold
volume. In some examples, the amount of water may be
substantially equal to the third threshold volume.

[0063] Next, at 554, the method includes mitiating a first
timer. In one example, the first timer tracks a duration of a
hold time, the hold time being mitiated 1n response to flud
in the first and second electrolyte chambers reach the second
and fourth threshold volumes, respectively. During the hold
time, fluid 1n the first and second electrolyte chambers
remain heated to the first and second electrolyte tempera-
tures. Holding the heated tluid 1n the first and second elec-
trolyte chambers may allow for dissolution of the dry elec-
trolyte precursors loaded to the first and second electrolyte
chamber, and for the solutions to equilibrate. Owing to the
change 1n volume due to dissolution, the volume of fluid 1n
the first and second electrolyte chambers may increase dur-
ing the hold time even though water supply pump 312 1s off
and additional filtered water 1s not supplied.

[0064] At 556, the method may include determining 1f the
first timer 1s greater than a threshold time, mndicating that the
hold time has elapsed. The threshold time may correspond
to an empirically predetermined hold time that helps to
ensure that electrolytes tluid 1 the first and second electro-
lyte chambers are thoroughly heated and mixed and equili-
brated. In one example, the threshold time may be 60 min-
utes or more. If the first timer 1s not greater than the
threshold time, then the method may proceed to 558 from
556 where the method may continue the hold time without
supplying water to the first and second electrolyte chambers.
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The method may continue to monitor a duration of the time

delay via the first timer.
[0065] If the first timer 18 greater than the threshold time,

then the method may proceed to 560 from 556, where the
method may include determiming 1f the first electrolyte
chamber fluid volume 18 greater than a fifth threshold
volume, the fifth threshold volume being larger than the sec-
ond threshold volume. The fifth threshold volume may cor-
respond to level indicated by a third level sensor 376 of the
first electrolyte chamber. Additionally or alternatively, a
hydraulic pressure of the fluid 1n the first electrolyte cham-
ber may be equal to a third threshold pressure, which corre-
sponds to a higher threshold volume of the first electrolyte
chamber, greater than the lower and itermediate threshold
volumes. If the first electrolyte chamber volume 1s not
greater than the fifth threshold volume, then the method
may proceed to 562 from 560, where the method may acti-
vate the water supply pump 312 supplying water through the
filtration system 320. As described above, the water conduc-
tivity of the supply water as measured by the conductivity
sensor 334 may be continuously monitored by the controller
throughout method 500. Thus, at any time during execution
of method 500, the flow of supply water may bypass to the
dramn 394 1n response to the measured water conductivity
being greater than the threshold conductivity by positioning
the bypass valve 336 to the drain 394.

[0066] Next, at 564, the method 500 may include position-
ing the bypass valve 336 and the diverter valve 340 to direct
the filtered water 1nto the first electrolyte chamber 350. Fol-
lowing 564, method 500 returns back to 560. Once the fluid
volume 1n the first electrolyte chamber 350 reaches the fifth
threshold volume, at 5§70 the controller may switch off the
water supply pump and position the diverter valve 340 to
stop flow of filtered water to the first electrolyte chamber,
while continuing to maintain the first electrolyte chamber at
the first threshold temperature. In this way, stage-wise filling
and hydration of the ¢lectrolyte within the first electrolyte

chamber 18 achieved.
[0067] Following 570, the method may proceed to 572

where the method may mclude determining 1f the second
electrolyte chamber fluid volume 15 greater than a sixth
threshold volume, the sixth threshold volume being larger
than the fourth threshold volume. The sixth threshold
volume may correspond to level indicated by a third level
sensor 386 of the second ¢lectrolyte chamber. Additionally
or alternatively, a hydraulic pressure of the fluid 1n the sec-
ond electrolyte chamber may be equal to a third threshold
pressure, which corresponds to a higher threshold volume of
the second ¢lectrolyte chamber, greater than the lower and
intermediate threshold volumes. If the first electrolyte
chamber volume 1s not greater than the sixth threshold
volume, then the method may proceed to 574 from 572,
where the method may activate the water supply pump 312
supplying water through the filtration system 320. As
described above, the water conductivity of the supply
water as measured by the conductivity sensor 334 may be
continuously monitored by the controller throughout
method 500. Thus, at any time during execution of method
500, the tlow of supply water may bypass to the drain 394 n
response to the measured water conductivity being greater
than the threshold conductivity by positioning the bypass
valve 336 to the drain 394.

[0068] Next, at 576, the method 500 may include position-
ing the bypass valve 336 and the diverter valve 340 to direct
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the filtered water into the second electrolyte chamber 360.
Followmg 576, method 500 returns back to §72. Once the
tluid volume 1n the second electrolyte chamber 350 reaches
the sixth threshold volume, at 582 the controller may switch
off the water supply pump 312 and position the diverter
valve 340 to stop tlow of filtered water to the first electrolyte
chamber, while continuing to maintain the first electrolyte
chamber at the first threshold temperature. In this way,
stage-wise filling and hydration of the electrolyte within
the second electrolyte chamber 1s achieved. Following

582, the method may proceed to method 300 after step
410, and ends.

[0069] Once stage-wise filling and hydration of both first
and second electrolyte chambers 1s achieved, the redox elec-
trolyte system may be operated, including supplying power
to an external load during discharging, recerving power dur-
ing a charging mode, and operating 1n an 1dle mode during
which no charging or discharging of the redox flow battery
cells occurs.

[0070] In this way, a hydration procedure for a redox flow
battery includes transporting dry electrolytes stored in tanks
and hydrating the electrolytes via a water source at a desired
location. The electrolytes are hydrated via a field hydration
system configured to filter water from the water source and
deliver a desired amount of water to each of the tanks com-
prising electrolytes. The technical effect of transporting the
clectrolytes dry and mixing the electrolytes at the desired
location 18 to decrease a shipping cost and complexity of
the redox flow battery system, while mcreasing flexibility
in startup and operation logistics of the redox tlow battery
System.

[0071] Thus, a method of operating a redox flow battery
system, the redox flow battery system including first and
second electrolyte chambers fluidly coupled to a redox
flow battery cell, includes during a first condition, including
when the redox flow battery system 1s 1n a dry state without
water and hiquid solvents, adding first and second amounts
of dry electrolyte precursor to the first and second electro-
lyte chambers, respectively, the first and second amounts
corresponding to a desired concentration of first and second
electrolytes 1n the first and second electrolyte chambers dur-
ing an operating mode, mcluding when the redox flow bat-
tery system 1s being charged or discharged, fluidly coupling
the redox tlow battery system to a field hydration system,
the field hydration system including a water supply pump
flumidly coupled to a water source, and supplying water
from the field hydration system to the redox flow battery
system, wheremn the redox flow battery system would
remain 1 the dry state without the water from the field
hydration system. A first example of the method includes
during a second condition, mcluding when the redox flow
battery system 1s 1n a wet state with greater than a threshold
amount of water therein, directing the water to the first elec-
trolyte chamber, and 1n response to a first electrolyte cham-
ber liquid level reaching a first threshold level, raising a
temperature of the first electrolyte chamber to a first thresh-
old temperature, the first threshold temperature being
oreater than an ambient temperature. A second example of
the method optionally includes the first example and further
includes stopping the supply of water from the field hydra-
tion system to the redox tlow battery system 1n response to a
conductivity of the supplied water increasing above a
threshold conductivity. A third example of the method
optionally imcludes one or more of the first and second
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examples and turther mcludes during the second condition,
in response to the first electrolyte chamber liquid level
reaching the first threshold level, recirculating the first elec-
trolyte chamber liquad level with a circulation pump fluidly
coupled to the first electrolyte chamber. A fourth example of
the method optionally includes one or more of the first
through third examples and further includes during the sec-
ond condition, 1 response to the first electrolyte chamber
liquad level reaching a second threshold level, stopping the
supply of water to the first electrolyte chamber and deacti-
vating the circulation pump, wherein the second threshold
level 1s higher than the first threshold level. A fifth example
of the method optionally includes one or more of the first
through fourth examples and further includes during the sec-
ond condition, 1 response to the first electrolyte chamber
liquad level reaching the second threshold level, directing
water to the second electrolyte chamber, the second electro-
lyte chamber being 1n the dry state prior to the first electro-
lyte chamber hiquid level reaching the second threshold
level. A sixth example of the method optionally includes
one or more of the first through fifth examples and further
includes wherein the redox flow battery system comprises a
multi-chamber storage tank, the multi-chamber storage tank
including the first and second electrolyte chambers, and the
supply of water to the first electrolyte chamber 1s stopped
until a second electrolyte chamber liquad level reaches the
second threshold level. A seventh example of the method
optionally includes one or more of the first through sixth
examples and further includes maintaining a pressure differ-
ence between the first and second electrolyte chambers less
than a threshold pressure ditference. An eighth example of
the method optionally includes one or more of the first
through seventh examples and further includes during the
second condition, 1n response to a second electrolyte cham-
ber hiquid level reaching a third threshold level, raising a
temperature of the second electrolyte chamber to a second
threshold temperature the second threshold temperature
being greater than the ambient temperature. A ninth exam-
ple of the method optionally includes one or more of the first
through eighth examples and further includes during the
second condition, 1 response to the second electrolyte
chamber liquid level reaching a fourth threshold level, stop-
pig the supply of water to the second electrolyte chamber,
wherein the fourth threshold level 1s greater than the third
threshold level. A tenth example of the method optionally
includes one or more of the first through ninth examples and
further includes during the second condition, 1n response to
the second electrolyte chamber liquud level reaching the
fourth threshold level, maintaining the first and second elec-
trolyte chambers at the first and second threshold tempera-
tures for a threshold duration. An eleventh example of the
method optionally includes one or more of the first through
tenth examples and further includes i response to the
threshold duration expiring, filling the first and second elec-
trolyte chambers with the water. A twelfth example of the
method optionally includes one or more of the first through
cleventh examples and further includes during the first con-
dition, prior to coupling the redox flow battery system to the
field hydration system, assembling the redox flow battery
system and transporting the assembled redox flow battery
system from a battery manufacturing facility to an end-use
location different from the battery manufacturing facility. A
thirteenth example of the method optionally mncludes one or
more of the first through twelfth examples and further
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includes wherem the second condition further comprises
fluidly coupling the redox flow battery system to a field

hydration system at the end-use location.
[0072] Thus, a redox flow battery system includes a redox

flow battery cell fluidly coupled to positive and negative
clectrolyte chambers, dry electrolytes located 1n the positive
and negative electrolyte chambers with less than a threshold
amount of solvents, a field hydration system detachably
coupled to a water source arranged externally to the redox
flow battery, and a controller, including executable mstruc-
tions stored thereon to, activate a water supply pump of the
field hydration system configured to flow water from the
water source to the positive and negative electrolyte cham-
bers. A first example of the redox flow battery system
includes wherein the field hydration system comprises a
diverter valve and a bypass valve, wherein the executable
instructions further comprise opening the bypass valve and
closing the diverter valve 1n response to a water conductivity
bemng greater than a threshold conductivity, where flowing
water through the open bypass valve includes flowing water
out of the field hydration system and away from the positive
and negative electrolyte chambers. A second example of the
redox tlow battery system optionally mcludes the first exam-
ple and turther mcludes a conductivity sensor positioned
downstream of a filtration system, the conductivity sensor
and the filtration system fluidly interposed between the
water supply pump and the diverter valve, wherein the fil-
tration system comprises two or more filters divided mto
two or more filter banks. A third example of the redox
flow battery system optionally includes one or more of the
first and second examples and further includes wherein the
executable nstructions turther comprise 1nstructions open-
ing the diverter valve and closing the bypass valve 1n
response to a water conductivity measured by the conduc-
tivity sensor being less than the threshold conductivity, and
whereimn flowmg water through the open diverter valve
includes flowing water to one or more of the positive and
negative electrolyte chambers. A fourth example of the
redox flow battery system optionally includes one or more
of the first through third examples and further includes
wherein the executable instructions further comprise char-
oing the redox flow battery system 1n response to decou-
pling the field hydration system from the redox tlow battery.
[0073] Thus, aredox flow battery system may include first
and second electrolyte chambers fluidly coupled to a redox
flow battery cell, and a controller with executable mstruc-
tions stored 1n non-transitory memory thereon to, during a
first condition, including when the redox tlow battery sys-
tem 18 m a dry state without water and liquid solvents, add
first and second amounts of dry electrolyte precursor to the
first and second electrolyte chambers, respectively, the first
and second amounts corresponding to a desired concentra-
tion of first and second electrolytes 1 the first and second
electrolyte chambers during an operating mode, including
when the redox flow battery system 1s being charged or dis-
charged, fluidly couple the redox flow battery system to a
field hydration system, the field hydration system including
a water supply pump tluidly coupled to a water source, and
supply water from the field hydration system to the redox
flow battery system, wherein the redox tlow battery system
would remain 1n the dry state without the water from the
field hydration system.

[0074] Note that the example control and estimation rou-
tines mcluded herein can be used with various battery con-
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figurations. The control methods and routines disclosed
herein may be stored as executable mstructions 1n non-tran-
sitory memory and may be carried out by the control system
including the controller in combination with the various sen-
sors, actuators, and other battery hardware. The specific rou-
tines described herein may represent one or more of any
number of processing strategies such as event-driven, inter-
rupt-driven, multi-tasking, multi-threading, and the like. As
such, various actions, operations, and/or functions 1llu-
strated may be performed 1n the sequence 1llustrated, 1n par-
allel, or 1n some cases omitted. Likewise, the order of pro-
cessing 18 not necessarily required to achieve the features
and advantages of the example embodiments described
heremn, but 1s provided for ease of illustration and descrip-
tion. One or more of the illustrated actions, operations and/
or functions may be repeatedly performed depending on the
particular strategy being used. Further, the described
actions, operations and/or functions may graphically repre-
sent code to be programmed mto non-transitory memory of
the computer readable storage medium 1n the engine control
system, where the described actions are carried out by
executing the mstructions 1n a system including the various
battery hardware components 1n combination with the elec-
tronic controller.

[0075] The followimg claims particularly point out certain
combinations and sub-combinations regarded as novel and
non-obvious. These claims may refer to “an” element or “a
first” element or the equivalent thereof. Such claims should
be understood to mclude imncorporation of one or more such
elements, neither requiring nor excluding two or more such
clements. Other combinations and sub-combinations of the
disclosed features, functions, elements, and/or properties
may be claimed through amendment of the present claims
or through presentation of new claims m this or a related
application. Such claims, whether broader, narrower,
equal, or different i scope to the origmal claims, also are
regarded as included within the subject matter of the present

disclosure.
1. A method of operating a redox flow battery system, the

redox flow battery system including first and second electro-
lyte chambers fluidly coupled to aredox flow battery cell, the
method comprising:
during a first condition as determined by a controller,
including when the redox tlow battery system 1s i a dry

state without water and liquid solvents,
adding first and second amounts of dry electrolyte precur-

sor to the first and second electrolyte chambers, respec-
tively, the first and second amounts corresponding to a
desired concentration of first and second electrolytes n
the first and second electrolyte chambers during an oper-
ating mode, including when the redox flow battery sys-
tem 18 being charged or discharged,

fluidly coupling the redox flow battery system to a field
hydration system, the field hydration system detachably
fluidly coupled to the first and second electrolyte cham-
bers of the redox flow battery system and mcluding a
water supply pump detachably fluidly coupled to a

walter source,
supplying water tfrom the field hydration system to the

redox tlow battery system, wherein the redox tlow bat-
tery system would remain 1n the dry state without the

water from the field hydration system,
while supplymg water from the field hydration system, con-
tinuously monitoring a conductivity of the water via one
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or more conductivity sensors, and signaling 1f the con-
ductivity of the water 1s greater than a threshold
conductivity,

operating the redox flow battery system, wherein operating

the redox tlow battery system mcludes both charging by
applying a charging current and discharging via oxida-
tion and reduction of the first and second electrolytes.

2. The method of claim 1, wherein supplying water from the
field hydration system mncludes flowing water through a filtra-
tion system bifurcated into a first filter passage and a second
filter passage positioned between the water source and the first

and second electrolyte chambers.
3. The method of claim 2, wherein water flowing through

the first filter passage and the second filter passage 1s com-
bined betfore tlowing to the one or more conductivity sensors.

4. The method of claim 2, wherein the one or more conduc-
tivity sensors mcludes a first conductivity sensor positioned
immediately downstream of the first filter passage and a sec-
ond conductivity sensor positioned downstream of the second

filter passage.
S. The method of claim 2, wherein signaling idicates

degradation of the filtration system.

6. The method of claim 1, wherein signaling includes send-
ing an audio and/or visual signal to an operator.

7. The method of claim 1, wherein adding the first and sec-
ond amounts of dry electrolyte precursor 1s done at a manu-
facturing location or an end-use location.

8. The method of claim 1, wherein supplying water from the
field hydration system to the redox flow battery system
includes stage-wise filling of the first and second electrolyte
chambers.

9. A redox flow battery system, comprising:

a field hydration system that 1s separate from the redox tlow
battery system and detachably fluidly coupleable to posi-
tive and negative electrolyte chambers of the redox tlow
battery system, a redox flow battery cell fluidly coupled
to the positive and negative electrolyte chambers;

dry electrolytes located in the positive and negative electro-
lyte chambers with less than a threshold amount of
solvents;

the field hydration system detachably fluidly coupleable to
a water source arranged externally to the redox fiow bat-
tery cell;

the field hydration system including a filtration system
bifurcated into a first filter passage and a second filter
passage positioned between the water source and the
positive and negative electrolyte chambers; and

a controller, mcluding executable mstructions stored
thereon to,

activate a water supply pump ot the field hydration system
configured to flow water from the water source to the
positive and negative electrolyte chambers;

charge by applied current and discharge the redox tlow bat-
tery cell during operation.

10. The redox flow battery system of claim 9, wherein a first
three filters are positioned within the first filter passage and a
second three filters are positioned with the second filter
passage.

11. The redox flow battery system of claim 10, wherein the
first three filters and the second three filters are carbon filters
or deromzing filters.

12. The redox flow battery system of claim 9, wherein a
conductivity sensor 1s arranged directly downstream of the
filtration system.
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13. The redox tlow battery system of claim 9, wherein the
positive and negative electrolyte chambers each include a

heater coupled to the controller.
14. The redox flow battery system of claim 9, wherein the

positive and negative electrolyte chambers are fluidly coupled
to each other and a sigle heater 1s configured to heat liquid

within both the positive and negative electrolyte chambers.
15. A redox flow battery system, including first and second

clectrolyte chambers fluidly coupled to a redox tlow battery
cell, and a controller with executable instructions stored 1n
non-transitory memory thereon to:
during a first condition as determined by the controller,
including when the redox flow battery system 1s m a dry
state without water and liquid solvents,
add first and second amounts of dry electrolyte precursor to
the first and second electrolyte chambers, respectively,
the first and second amounts corresponding to a desired
concentration of first and second electrolytes 1n the first
and second electrolyte chambers during an operating
mode, mcluding when the redox flow battery system 1s
being charged by applied current or discharged, fluidly
couple the redox flow battery system to a field hydration
system using one or more actuators controlled by the
controller, the field hydration system detachably fluidly
coupled to the first and second electrolyte chambers of
the redox flow battery system and including a water sup-

ply pump detachably fluidly coupled to a water source,
tlow water from the water source through afiltration system

including a first filter passage and a second filter passage
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positioned between the water source and the first and sec-
ond electrolyte chambers,

supply water from the field hydration system to the redox
flow battery system, wherein the redox flow battery sys-
tem would remain 1n the dry state without the water from
the field hydration system,

operate the redox tlow battery system 1n at least one operat-
ing mode 1 response to decoupling the field hydration
system from the redox flow battery system.

16. The redox flow battery system of claim 15, wherein the

dry electrolyte precursor includes one or more of FeCl2,
FeCl13, FeSO4, Fe2(804)3.

17. The redox flow battery system of claim 135, wherein the
field hydration system further includes one or more conduc-
tivity sensors positioned downstream of the first filter passage
and the second filter passage.

18. The redox flow battery system of claim 15, wherein the
field hydration system further includes one or more level sen-
sors communicatively coupled to the controller.

19. The redox flow battery system of claim 18, wherein the
controller further includes executable mstructions to start and
stop flow of water to the first and second electrolyte chambers
1n response to a signal from the one or more level sensors.

20. The redox flow battery system of claim 15, wherein the
controller further mncludes executable instructions to drain the
first and second electrolyte chambers 1n response a desire to
move a location of the redox tlow battery system.
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