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(57) Abrege/Abstract:

The present disclosure Is directed to a compressed fuel storage system. The compressed fuel storage system may include an
electrochemical compressor and one or more fuel dispensing units. The electrochemical compressor may be configured to
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(57) Abrege(suite)/Abstract(continued):

compress a fuel source. Additionally, the compressed fuel storage system may include at least one low pressure compressed fuel
reservolr fluidly connected to the electrochemical compressor and the fuel dispensing units and at least one high pressure
compressed fuel reservolr fluidly connected to the electrochemical compressor and the fuel dispensing units.
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FIG. 1

e present disclosure 1s directed to a compressed fuel storage system. The compressed fuel storage system may in-
nemical compressor and one or more fuel dispensing units. The electrochemical compressor may be configured to
compress a fuel source. Additionally, the compressed fuel storage system may include at least one low pressure compressed fuel
reservolr fluidly connected to the electrochemical compressor and the fuel dispensing units and at least one high pressure com -
pressed fuel reservoir fluidly connected to the electrochemical compressor and the fuel dispensing units.
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INTEGRATED ELECTROCHEMICAL COMPRESSOR
AND CASTADE STORAGE METHOD AND SYSTEM

001) This application claims the benefit of U.S. Provisional Application
NO. §1/870,890, filed August 28, 2013, which is incorporated herein by reference.

002] The present disclosure relates {0 an integrated electrochemical
compressor and cascade storage methods and systems. According {0 an exemplary
ambodiment, the system and method can be used for refueling hydrogen powered
vehicies.

0031 Electrochemical cells, usually classified as fuel cells or electrolysis
cells, are devices used for generating current from chemical reactions, or inducing a
chemical reaction using a flow of current. A fuel cell converis the chemical energy of
a fuel (.g., hvarogen, natural gas, methanol, gasgiine, etc.} and an oxidant (.49., air
OF oxygen) into electnicity and produces heat and water. A basic fuel cell comprises
a negatively charged anode, a positively charged cathode, and an ion-conduciing
matenal called an electrolyie,

0041 Different fuel cell technologies utilize different elecirolyie materials. A
Proton Exchange Membrane (PEM) fuel celi, for example, utilizes a polymeric ion-
conducting membrane as the electrolyte. In a hydrogen PEM fuel celi, hydrogen
atoms can electrochemically split into electrons and grotons (hydrogen ions) at the
anode. The slectrons flow through the circuit to the cathode and generale elecinicity,
while the protons diffuse through the electrolyle membrane {0 the cathode. Atthe
cathode, hydrogen protons can react with electrons and oxygen (suppiied o the
cathode) {0 produce water and heat,

0051 An electrolysis cell represents a fuel cell operated in reverse. A basic
glecirolysis cell can function as a nydrogen generator dy decomposing water into
nydrogen and oxygen gases when an exiernal electric potential is appiied. The
pasic technology of a hydrogen fuel cell or an elecirolysis cell can be applied {o
electrochemical hydrogen manipuiation, such as, slectrochemical hydrogen
compression, purification, or expansion.

0061 An electrochemical hydrogen compressor {(EHC), Tor example, ¢can be
used to sslectively transfer hydrogen from one side of a cell o another. EHOs
operating in this manner are sometimes referred 10 as hydrogen pumps. When the

nyarogen accumuiated at the second electrode is restricted 10 a confined space, the
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siectrochemical cell comprasses the hydrogen or raises the pressure within the
confined space. The maximum pressure or flow rate an individual cell 18 capable of
producing can be limited based on the cell design.

{007}) Hydrogen has emerged as a viable alternative to traditional power
sources (i.e., fossit fuels). Successiul commercialization of nydrogen as an energy
carrier and the long-term sustainability of a "hyvdrogen economy” depends iargely on
the efficiency and cost-effectiveness of fuel cealls, slecirolysis cells, hydrogen
manipuiation / management systems (e.g., EHCs}, and hydrogen distribution
syvstems (e.g., dispensing stations). Gasecus hydrogen is a convenient and efficient
means of energy storage, usually by pressurized containment. Advantageously,
storing hydrogen at high pressure yields high energy density,

0081 Howsever, efficiently dispensing hydrogen {0 vehicies as part of a fully
integrated “hvdrogen economy” presents challenges. For exampie, how is a
dispensing station able to handle a high volume of vehicle traffic while siill being able
to provide sach vehicle with a full tank? A hydrogen tank can be raled for a design
oressure and fiiling to the design pressure can maximize the range of the vehicle. In
order for a station (o be able to handie high volume traffic and ensure each cusiomsy
receives a full fill, the station must have a large capacity high pressure hydrogen
storage tank which can be costly and inefficient.

I008] A typical gaseous fueling stalion employs a cascade sforage sysiem,
which divides stored fuel into several separate tanks. For example, one version can
employ three tanks ~ low, mid and high pressure., The vehicle is first connected t©
the low pressure tank and equalized, then {o the mid, and iastly to the high pressure
tank. This methodology maximizes the utilization of stored gas by reducing the mass
removed from the high pressure tank in order to top off the vehicle. Not only is more
energy required {o store the gas at the high pressure of the high tank, but the {ank
itself can be more expensive o manufaciure in order to safely store the gas at this
high pressure {svel.

(0101 The typical gaseous fueling station aiso Jtilizes a COMPressor o
compress a fuel source and deliver it to either the fow, mid, or high pressure fuel
tank. Mechanical compression is the most common way for the comprassor {0
achieve the desired pressurization (i.e. low, mid, or high}. Mechanical compression
generally includes wherein gas is compressed within a chamber by a piston or

diaphragm. However, mechanical compression suffers from intensive energy use,
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wear and {ear of moving parts, hydrogen smprittement, excessive noise, bulky
aguipment, and contamination of gas by ubricants.

{011 An glectrochemical ydrogen comprassor provides ancther system to
compress a tuel source {0 the desired pressurization, and generally inciudes stacks
of membrane-glecirode assembilies (MEAS) separated by profon exchange
membranes (PEMs). tach MEA includes a cathode, an electrolvie membrane, and
an anode. Hydrogen gas s introduced 10 the ancde side of an MEA and oxidized,
with an electnic polential, {0 produce protons and elecirons. The preotons are driven
across the electrolyte membrane {o the cathode, and rejoined with the electrons to
form compressed hydrogen,

{3121 Electrochemical compressors generally inciude a stack of muiliple
seals and/or membranes that are sensilive o damage during rapid pressure
changes. A compressor used in a cascade storage sysiem may experience rapid
pressure changes whean sequencing from one storage tank (e.¢g. high pressure fuel
tank) to another storage tank {e.g. low pressure fuel tank). Such rapid pressure
changes may be substantially instantaneously, and may be as high as severai
thousand pounds per square inch per second. These rapid pressure changes may
damage an electrochemical compressor in a number of ways. For exampie, the
seals of an electrochemical compressor may be damaged due {0 expiosive
decompression, excessive swelling, or extrusion. Alternatively or additionaily, the
rapid pressure changes may cause membrane failure due 10 simiar gamage
mechanisms.

0131 In consideration of the aforementioned circumsiances, the present
disclosure provides a system and method for an integrated slecirochemical
compressor and cascade storage of hydrogen. One embodiment of the present
disclosure is directed {0 a compressed fuel dispensing station. The compressed fuel
dispensing station may comprise an siectrochemical coOMpressor and one of more
fuel dispensing units. The electrochemical compressor may be configured o
comprass a fuel source. Additionally, the compressed fuel dispensing stalion may
inciude at least one low pressure compressead fuel reservoir Tluidly connected (o the
electrochemical comprassor and one or more fuel dispensing units and at least ong
nigh pressure compressed fuel reservolr fluidly connected {o the electrochemical

COMPressor and one of more fuel dispensing units.
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U14] Anocther embodiment of the present disclosure is directed to a method
of maintaining pressure within a compressed fuel dispensing station. The method
MAy inciude compressing a fuel source with a compressor, and directing fus! from
the compressor 1o a first fuel reservoir. Additionally, the method may include
defermining that the first fuel reservoir has reached a target fill pressure, and
transiting from the first fuel reservoir to a second fuel reservair by redirecting the fusl
o the second fuel reservoir. The method may further inciude opening a flow limiling
valve to mainiain the rate of pressure change ¢of the compressor {0 an allowable rate
of pressure change when {ransitioning from the first fuel reservoir to the second fus
FeServolr.

0151 His {o be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only, and are not
rastrictive of the disclosure, as claimed.

18] The accompanying drawings, which are incorporated in and constitule
a part of this specification, illusirale several embodiments of the present disclosure
and togsther with the description, serve to expiain the principies of the disclosure.

0171 FIG. 1 shows a schematic diagram of a compressed fuel dispensing
station, according to an exemplary embodimant,

0181 FIG. 2 shows a schematic diagram of the circuitry of a compressed fue
dispensing station, according to an exemplary embodiment,

(018] Reference will now pe mads in detail {0 the present exempiary
ambodiments of the disclosure, examples of which are Hiustraled in the
accompanying drawings. VWherever possibie, the same reference numbers wiil be
used throughout the drawings 1o refer to the same or like parts.

0207 FlG. 1 shows a schematic diagram of a compressed fuel dispensing
station (CFDS) 100, according to an exempiary embodiment. OFDS 100 may
comprise a fuel source 110, a compressor 120, one or more fuel dispensing units
130, at least one low pressure compressed fuel reservolr (LPUFR) 140, at least one
medium pressure compressed fuel reservoir (MPCOFR) 150, and at ieast one high
nressure compressed fuel reservoir (HPCFR) 1680, Circuitry 105 may direct Tuid
from fuel source 110 to compressor 120 ana {o either LPCFR 140, MPCFR 150, or
HPCFR 1680 using one or more vaives 170, A controller 180 may be in
communication with compressor 120, LPUFR 140, MPORR 150, HPOFR 160, and
vaives 170,

-4 .
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{021 CFDS 100 may be configured 1o dispense fuel according {0 a cascade
fualing arrangement. For exampie, sach fuel dispensing unit 130 may be configurad
{0 first supply iow pressure fuel from LPCFR 140, then supply medium pressure fuel
rrom MPCFR 150, and finally top off a vehicle with high pressure fuel from HPCFR
160 {0 ensure the vehicie receives a full fill to optimal pressure (i.e., 700 bara to 800
hara)l,

0<22] In other embodiments, a venicie may e filled starting with medium
pressure fuel or even high pressure fuel, This may depend on the initial condition of
ihe vehicie ank and supply. rFor exampile, if a vehicle tank is nearly full (i.e., at a
Mgh pressure and volume), the low pressure and medium pressure fuel supplies will
not be beneficial. Instead, just the nigh pressure fus! supply may be used {o top off
the {ank.

10231 As shown in FIG. 1, fusl source 110 may be in fluld communication
with compressor 120 Cémpressor 120 can be in fluid communication with LPCFR
140, MPCFR 150, and HPCEFR 180, One or more of valves 170 may be positioned
between these components of CFDS 100 such that flow of a fluid from one
component to another may be selectively controlled. For exampie, each fue
reservolr may be isolated from compressor 120 or other fuel reservoirs.

10241 Fuel source 110 may include a fuel generator, for exampie a nalural
gas reforming system or an electrolysis system or unit configurad o produce
hydrogen gas. In another embodiment, fuel source 110 may include an underground
distribution network or reservoir tank configured {0 receive periodic shipments of
nydrogen gas or Hguid. 1t is contempiated that olher compressad gas sources may
he utllized. For example, fuel source 110 may inciude a source of nalural gas or
rOpans.

13251 Compressor 120 may be configured 10 receive a fuel Trom fuel source
110, compress, and discharge the fuel 10 a fuel reservoir at an increased pressure.
According to an exemplary embodiment, compressor 120 may be an electrochemical
hydrogen comprassor (EHC). In vanous other embodiments compressor 120 may
take the form of a mechanical compressor or other comparable compression
Gevices.

0261 LPCFR 140 as shown in FiG. 1 may include one or more chambers or
tanks configured {o contain a compressed fuel, LPCFR 140 may be contigured {0 pe
mounted above ground or buried beiow ground. LPCFR 140 may range in volume

-5 .
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from about 1L to about 5 0000 and may be raled for pressure between about 500 psi
and about 15,000 psl.

0271 MPUFR 150 as shown in FiG. 1 may inciude one or more chambers or
fanks configured (0 contain a compressed fuel. MPCFR 150 may be configured 1o
be mounted above ground or buried below ground. MPCOFR 150 may range in
volume from about 1L 1o about 5,000L and may be rated for pressure between about
500 psi and about 15,000 psi.

0281 According o varicus embodiments, LFOFK 140 and MPUOFR 150 may
have subsiantially sgual volumes or in alternate embodiments one may be larger
than the other, depending on the requirements of CFDS 100,

10281 HPCFR 180 as shown in FIG. 1 may include one or more chambers or
tanks configured to contain a compressed fuel. HPCOFR 160 may be configured 0
be mounted above ground or buried below ground, HPCUFR 160 may range in
volume from about 0.25L to about 2,000L and may be rated for pressure petwesn
about 1,000 psi and about 15,000 psi. According to an exemplary embodiment, any
HPCFR 180 may be smaller in volume than LPCFR 140 and MPUFR 150 to allow for
more rapid refill of an HPCFR 180 after a top of 3 vehicle from the corresponding
fuel dispensing unit 13Q.

[030] Fuel dispensing units 130 may be configured to dispense compressed
fuel to the vehicle, container, or other device configured to receive compressed fusl,
Fuel dispensing units 130 may comprise one or more fuel dispensing devices 130,
Fach fuel dispensing unit 130 may be configured 10 receive and dispense fuel from
LPCFR 140, MPCFR 150, and HPCFR 180, Each fuel dispensing unit 130 may
contain isolation valves, check valves, flow reguiators, and instrumentation
configured o safely and efficiently regulate and control the distribution and discharge
of the compressed gas.

1031} Controlier 180 may be configured o regulale the flow of fiuid to LPUFR
140, MPCFR 150, and HPCFR 160 based on the relative pressure within each fuel
reservoir. Controller 180 may embody, for example, one or more general
ricroprocessors capable of controlling numerous functions of CFDS 100, Controller
180 may include a memory, a secondary storage device, g processor {e.g., a CPU},
or any other components for executing programs to perform the disclosed functions
of CFDS 100, Various other circuits may be associated with conirolier 180, such as
cowar supply circuitry, signai condifioning circuitry, data acguisition circuitry, signai

.6 -
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cutput circuitry, signal amplification circuitry, and other types of circuitry known in the
art. As shown in Fig. £, controfier 180 may be in communication wilh various
components of CFDS 100 including LPCFR 140, MPUFR 150, HPOFR 160,
compressor 120, valves 170, and sensors 180

0321 Valves 170 may include check valves 170 and a plurality of control
valves 177, Check valves 175 may be configurad (o prevent reverse backfiow
through circuitry 105, for example, reverse backflow into compressor 120, Controf
valves 177 may be configured fo conirol the flow of fluid through circuitry, and may
pe manually or automatically operated. As shown in Fig. 2, control valves may
include valves V1, V2, V4, V5, and V6 disposed downstream of compressor 120 and
upstream of LPCFR 140, MPCFR 150, and HPCFR 160, Valve V1 may be disposed
in paraliel to valve V2. Additionally, valves V1 and VZ may be disposed in series
with valves V4, V5, and V8. In one embodiment, valve V2 may include a flow imiting
valve configured to reguiate the change in pressure of fuel from compressor 120, as
discussed in greater detail below. This may reduce pressure changes felf by ihe
stacks of MEAs of compressor 120, and therefore reduce damage 1o compressor
120,

1033] As shown in Fig. 2, circuitry 105 may adaitionally incluge ong or more
sensors 190, In some embodiments, sensors 180 may include pressure sensors
corfigurad to measure the pressure within the fuel reservoirs. For example, sensor
P4 may be configured {0 measure the pressure of LFCFR 140, sensor P5 may be
configured to measure the pressure of MPCFR 180, and sensor P8 may be
configured to measure the pressure of HPCFR 160, Additionally, sensors P1 and F
may be configurad to measurs the pressure of compressor 120,

03471 In operation, valve V1 may remain open when compressor 120 delivers
fuel to a fuel reaervoir. Additionally, the valve associated with the fuel reservoir may
remain open while the fuel flows into the fuel reservoir. Therefore, for exampie,
valves V1 and V4 may remain open while compressor 120 delivers tuel to LPUFR
140, Similarly, valves V1 and V5 may remain open while compressor 120 deilvers
fuel to MPCFR 150, and valves V1 and VB may remain open while compressor
delivers fuel (0 HPCFR 160,

1038] Compressor 120 may continue to deliver the fuel reservolr until it has
reached ifs target fill pressure. In some embodiments, sensors 180 may measure

the pressure within a fuel reservoir o determine if the pressure has reached the

-7 .
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target fill pressure. Controller 180 may receive the pressure information from
sensors 190 and determine if the fuel reservoir nas reached s target fill pressurs.
Furthermore, the target fili pressure may be pased on variable parameters, including
anvironmental and mechanical parameters, and defined by programmabie logic of
controlier 180, Therefore, the {arget fill pressure may vary and change with
operation of CFDS 100, Additionally, each fuel reservoir, LPCFR 140, MPCFR 150,
and HPCFR 180, may have a unigue target il pressure. HPFCFR 160 may have the
nighest target fill pressure and LPUFR 140 may have the [owest {arget Bill pressure.
i one example, compressor 120 may continue o feed LPUFR 140 unfil sensor P4
indicates that LFUFR 140 has reached its farget fill pressure. Simiiarly, compressor
120 may continue to feed MPCFR 150 until sensor PO indicates that MPUOFR 150
has reached its target fill pressure. In ancther example, compreassor 120 may
continue to feed HPCEFR 180 until sensor PG determines that HPCFR 160 has
reached its target fill pressure,

0361 When a fusl reservoir has reached its {arget fill pressure, the cascade
storage system may notify compressor 120 that the fuel reservoir is full. For
axample, the cascade siorage system may notify compressor 120 that MPCORR 150
has reached its target pressure and is full. CFDS 100 may transition {o feed another
fuel reservoir, for example LPUFR 140,

0371 When transitioning from a higher pressure fuel reservoir (0 a lower
pressure fuel reservoir or from a lower pressure fuel reservoir {0 a higher pressure
fuel reservoir, controller 180, or any other control system associated wilh
compressor 120, may direct valve V1 {0 close and valve V2 {0 open. Valve V2 may
limit and maintain the change in pressure from compressor 120 at a controlled rate
such that compressor 120 does not experience a rapid pressure change. Hor
axample, valve VZ may include a variable orifice valve or a variable pack pressurs
vailve regulator automaticaily controlied via an electric motor or pneumatic actuation
mechanism.

(328] Valve VZ2 may initially open at a predetermined flow rate, wherein the
sredetermined flow rate may match an aliowable rate of pressure change (GF/at
rate) of compressor 120, Therefore, the fuel delivered from compressor 120,
measured by sensor P11, may not exceed {he allowabie dP/dirale. The aliowable
dB/dt rate of compressor 120 may be the maximum dP/al rate of compressor 120,

-
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pased on the mechanics of compressor 120, or an amount determined by conirolier
180,

{0347 As the pressure of compressor 120 at F1 begins {0 equalize with {he
pressure demanded of the fuel reservolr (e.9. P4, F5, PB), valve V2 may continue o
open further at a controlied rate. However, vaive V2 may ensure that the pressure
change does not excesd the aliowable abP/dt rate of compressor 120, Once the
vaive V2 has opened sufficiently such that the pressures at P1 and P2 have
equalized, valve VZ may close and vaive V1 may reopen. Therefore, tuel will
continue 1o be gispensed o the fuel reservoir through V1 until the fuel reservoir has
reached its target il pressure,

(0401  In one example, when transifioning from a high pressure fuel reservolr
to a lower pressure fuel reservolr, for example from MPCFR 150 to LPCFR 140,
comprassor 120 may first receive notification of this transition. Valve V1 may close
and valve V2 may open such that fuel from compressor 120 may be redirected
through valve V2. Additionally, valve V5 may close and valve V4 may open such the
fuel is redirected from MPCOFR 150 to LPCFR 140, In this embodiment, vaive V<
may open such that the pressure change in compressor 120 1s controlled. For
example, valve V2 may initially open with a smaller diameter orifice and may
graduaily increase the diameter to allow a controlled and graduai decrease in
pressure from compressor 120. The rate of pressure change may not excesd ine
allowable dP/dt rate of compressor 120, Valve VZ may continue 10 increase the
diameter of the orifice until the pressure of compressor 120 18 substantially equal to
the pressure of LPCFR 140 (i.e. pressure al P1 is substaniially equal 10 pressure at
FZ2 and pressure at P4). Al this fime, valve V2 may be ciosed and valve V1 may be
reopened. Fuel may flow from compressor {0 LPOFR 140 until LPOFR 140 has
reached its target fill pressure,

0411  In another example, when fransitioning from a low pressure fuel
raservoir to a high pressure fuel reservoir, for example from LPOFR 140 ¢ HPOFR
180, compressor 120 may first receive notification of this transition. Valve V1 may
close and valve V2 may open such that fuel from compressor 120 may be redireciad
through valve V2. . In this embodiment, valve VZ may open such thal the pressure
change in compressor 120 is controlied. For exampie, valve V2 may initialy open
with a larger diameter orifice and may gradually decrease the diameter {0 allow a

controlled and gradual increase in pressure from compressor 120, The rate of
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Dressure change may not exceed the aliowable dP/dl rate of compressor 120, Valve
V2 may conlinue to decrease the diameter of the orifice until the pressure of
compressor 120 is substantially egual 10 the pressure of HPUFR 160 (1.e. pressure
at P1 is substantiaily equal to pressure aiPZ and pressure at Pg). At ihis time, valve
V4 may close and vailve VO may open such the fusl is redirected from LPUFR 140 10
HPOFR 160 and valve V2 may be closed and vaive V1 may be reopened. Fuel may
flow from compressor to HPCFR 160 untit HPCFR 160 has reached its farget fil
DTesSsure.

1042] The process may further comprise suppiving a vehicle with a fuel to full
fill by first releasing low pressure fuel, then releasing medium pressure fuel, and then
finally achieving Tull fill by releasing high pressure fuel inio the vehicle. in agdition,
the process may include distributing the fuel based on priornity and fuel dispensing
unit utiization.

10431 When CFDS 100 is idle, for example when CFDS 100 is not being
used to fill a vehicle and/or supply fluid to the fuel reservoirs, all valves 170 may be
closed. Therefore, fuel may not flow through valves V1, V2, V4, VS, and V8 and into
LRPOFR 140, MPCFR 100, and HPOFR 160,

(0441 it is further contermnplated that additional fuel reservoirs may be sed
than depicted in the figures. For example, CFDS 100 may incilude fwo LPOFR 144,
two MPCFR 150, and at least two HPCFR 160, Additionally, the volume and number
of the LPCFR 140, MPCFR 1580, and HPCFR 180 can be varied in consideration of a
variety of factors, for example, sile space limilations, cost, siation capacily,
nerformance, and the like.

10457 CFDS 100 may further comprise a plurality of compressors 120 {(not
shown). For example, a first compressor 120 may be in communication with LPUFK
140 and MPCFR 150, Accordingly, the first compressor 120 may scavenge
nydrogen from LPCFR 140, and may compress the hydrogen and discharge it {o
MPCFR 180, The second compressor may be in fluid communication with MPUFR
1580 and HPCFR 380, and may scavenge hydrogen from MPCOFR 150 and compress
the hydrogen and discharge it to HPCFR 160, In an alternate embodiment {(not
shown), the first compressor 120 may be configured {0 discharge the compressed
hydrogen directly to HPOFR 180, In the embodiment of Fig. £, comprassor 120 may
he configured to scavenge hydrogen from LPOFR 140, MPCFR 150, or both and
deliver that hydrogen to MPCFR 150, HPUFR 160, or both.

- 10 -



CA 02922513 2016-02-25

WO 2015/031482 PCT/US2014/052911

0461 Ulllizing the integrated electrochemical compressor and cascads
storage system of ihe present disclosure may isolate the compressor from the
cascade storage system and therefore reduce damage (0 the compressor. =or
example, the compressor may not fesl the effects of rapid pressure changes
associated with tradiional compressed fuel dispensing stations. Thereforg, the
COMPressor may have a ionger ife with enhanced compression apilifies.

0471 Other embodiments of the present disclosure will be apparent {o (hose
skited in the ant from consideration of ine specification and practice of {he present
disclosure herein. [t is intended that the specification and examples be considersd
as exemplary only, with a true scope and spirit of the present disclosure being

indicated by the foliowing ciaims.
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WHAT {5 CLAIMED IS

1. A compressed Tuel storage system comprising:
an elaectrochemical compressor configured {0 compress a fuel source;
at least one low pressure compressed fuel reservoir fiuldly connecied
0 the electrochemical COMPrassor, ana

at least one high pressure compressed fuel reservoir Huialy connected
to the elecirochemical compressor.

2. The compressed fuel storage system of claim 1, further comprising al least
one medium pressure compressed fuel reservolr fluidly connected (o the

agiecirochemical Compressor.

3. The compressed fuel storage system of claim 1, further comprising one or
more fuel dispensing units fluidly connected (o the low pressure comprassed fuel

FeSSIVOIL

4. The compressed fuel storage system of claim 1, further comprising one or
more fuel dispensing units fluidly connected {0 the high pressure compressed fuel

FEServVolr.

5. The compressed fuel storage system of claim 2, further comprising one or
more fuel dispensing units fiuidly connected {o the medium pressure compressed

fuel reservoir.

8. The compressed fuel storage system of claim 1, further comprising a flow
imiting valve configured (o Himit the rate of pressure change of the compressor (o an
allowable rate of pressure change when transitioning from {he iow prassure

compressed fuel reservoir to the high pressure compressed fuel resemnvoir.

7. The compressed fuel storage system of claim 6, wherein the gliowable

rate of pressure change is substantially equal to a maximum pressure change raie of

the compressor.

L
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8. The compressed fugl storage system of claim &, further comprising a
controlier configured 1o reguiate the flow Hmiting valve based on inpul Irom one or
MOre Pressure Sensoers.

8. The compressed fuel storage system of claim &, further including one or
more control valves in communication with the controlier, the control vaives
configured {0 open or close {0 selectively direct fuel {0 the low pressure compressed

fuel reservoir and to the high pressure compressed fuel reservorr.

10. The compressed fuel storage system of ciaim 1, further comprising a flow
imiting valve configured to imit the rate of pressure change of the compressor 1o an
allowabie rate of pressure change when transitioning from the high pressure

compressead fuel reservoir 1o the low pressure compressed fuel reservolr.

11. The compressed fuel storage system of claim 10, wherein the aliowable
rate of pressure change is substantially equal fo a maximum pressure change rate of

the compressor.

12. The compressed fuel storage system of claim 10, further comprising a
controlier configured o reguiate the flow limiting valve based on input from one or

MOTe Pressure sensorns.

13. The compressed fuel sforage sysiem of claim 12, further including one or
more control valves in communication with the controller, the control vaives
configured to open or ciose to selectively direct fuel {0 the low pressure compressed

fuel reservoir and to the high pressure compressed fuel reservorr.

14. The compressed fuel siorage system of claim 1, wherein the fuel source

nciudes at least one of hydrogen, natural gas, and propane.
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19, A method of maintaining pressure within a compressed fuel storage
sysiem, the method comprising:
compressing a fuel source with a compressor,
directing fuel from the compressor {0 a first fuel reservolr,
determining that (he first 1uel reservolr has reached a target il
Dressure,
fransiting from the first fuel reservoir 1o a second fuel reservoir by
redirecting the fuel {0 the second fuel reservolr, and
opening a fliow imiting valve 1o limit the rate of pressure change of the
compressor to an alliowable rate of pressure change when fransitioning from the first

fuel reservoir 1o the second fuel reservoir.

16. The method of claim 15, wherein the allowable rate of pressure change is

substantially equal {0 a maximum pressure change rate of the compressor.
17. The method of claim 15, wherein the first fuel reservolr inciudes a first
pressure and the second fuel reservolr includes a second pressure, and {he first

pressure does not equal the second pressure,

18 The method of claim 17, wherein the first pressure s greater than the

SeCond pressure.

19. The method of claim 17, wherein the first pressure is less than the seconag

Dragssure.

20. The method of claim 15, further inciuding opening a control valve
associated with the second fuel reservoilr,

21. The method of claim 15, further inciuding compressing the fuel source

with an slectrochemical compressor.

22. The method of claim 15, wherain the fuel source includes at least one of

nydrogen, natural gas, and propans.

.14 -
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