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SYSTEM AND METHOD FOR REPUCING MOISTURE IN A COMPRESSED
AIR ENERGY STORAGE SYSTEM

BACKGROUND OF THE INVENTION

{6001} Embodimenis of the invention relate generally to compressed air energy
slorage (CAES) systems and, more parbiealarly, o removing moisture in a CAES

system.

{0002 CAES systems tvpically include a compression tram having a plurality of
compressors that compress imtake aiv and provide the compressed air to a cavern or
other compressed air storage volume. The compressed air is then later used to dnve
turbines to produce energy such as elecirical energy. Often, i utility energy 18 used to
power the compression {ramn, the compression train operates during off-peak hours of
gtility plants while the energy production or generation stage of the CAES svstem
typically operates daring hugh energy demand times. However, this need not be the case
in every instance. For example, energy generated from wind nulls may be used to
power the compression framn while compressed air 15 delivered to the energy storage
cavern or the hke In any event, the economics of the UAES svsitem energy
consumption versus CAES svstem energy production ss typically a dnving lactor

deternuning when the compression stage and the production stage operate.

[0003]  During operation of the compression stage of a CAES svstem, the
compressed ar is tvpically cooled within the compression phase close to the
temperature of the cavern or compressed air storage volume priov to storage. Further,
during cooling, mosture often condenses ount of the compressed air stream. However,
there is oflen moisture left in the compressed air stream after cooling, which, as well as

the above-mentioned condensation, may damage componenis of the CAES system.

L

{0004]  Accordingly, it would be beneficial 1o have a method, apparatus, and svstem

of removing moisture from a CAES system.
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BRIEF DESCRIPTION OF THE INVENTION
{0003} Embodiments of the invention are directed fo a method. system, and

apparatus for removing moisture in a CAES systeny

{0006}  In accordance with one aspect of the invention, a compressed air energy
storage (CAES) svstem includes an ambient air intake configured to intake a quantity of
ambient arr for storage m a compressed air storage volume, a compression system
coupled to the ambient air intake, a first path proceeding from the ambiant arr inlake to
the compression svstem, a second path proceeding from the compression svstem to the
comprassed air stovage volume, gnd a dehunudifving system. The compression system
18 confligured lo compress the quantity of ambient air {0 a quantity of compressed air
and includes a compression path therethrough that 1s configured to convev the quantily
of compressed air through the compression system. The first path is configured to
convey the guantity of ambient air to the compression system and the second path 18
configured to convey the guantily of compressed air o the compressed alr storage
volume. The dehumidifving system is coapleable 1o at least one of the first path, the
comprassion path, and the second path and includes a dehumidifving component
configured 1o remove a quantity of moisture from one of the quantity of ambient air and

the gaantity of compressed air.

{0007} In accordance with another aspect of the invention, a CAES svstem mcludes a
compression lrain having a first compressor configured to compress a quantity of
ambient air into a first quantity of compressed air and a second compressor contfigured
to compress the first quantity of compressed atr mio a second quantity of compressed
atr.  The CAES svstem also mclodes a compressed air storage volume, a first
compressed air convevanece path coupled to the compression train and to the compressed
air storage volume, a power generation system, a compressed air exit path coupled to
the power generation svstem and o the compressed air storage vohlume, and a
dehumidifving component.  The compressed air storage volwme s configured to store
the second quantity of compressed air. The first compressed air convevance path 18
configured (o convey the second guantity of compressed air to the compressed air

slorage volume. The power generalion system is configured lo generate electricity from

o

g
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a third quantity of compressed air. The compressed air exit path is configured (o convey
the third quantity of compressed air from the compressed air storage volume to the
power generation svstent.  The dehunudifving component is conligwred to remove a
quantity of moisture from one of the ambient air and the compressed air prior to storage

of the quantity of compressed air in the energy storage volume.

{00081  In accordance with vel another aspect of the invention, 3 method of removing
moisture from a CAES svstem includes conveving a quaniity of air through a
compression system that has an aiy mtake configured to intake the guantity of air o
the compression system, at least two compressors conligured to compress the quantity
air after mtake, and a compressed atr outlet configured to provide a path for the quantity
of air that 15 compressed to exit the compression systemn. The method also cludes
transfernng the quantitv of air exited from the compressed air outlet to a compressed air
storage volume and passing the quantity of air through 3 dehumidifving svstem to
remove moisture from the quanlity of air prior 1o storage of the guantity of air m the
compressed air storage volume. The compressed air storage volume configared to store

the guantity of air for later energy production.

{0009}  Various other features and advantages will be made apparent from the
following detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010]  The drawings illusirate one or more embodiments presently contemplated for
carrving out the mvention.

{6011} In the drawings:

{8012}  FIG. 1 s a block diagram of an exemplary CAES svstem having a

dehvdration system according to an embodiment of the invention

{0013} FIG 2 i a bloek diagram of an exemplary CAES system having a

dehyvdration svstem according to another embodiment of the invention,

Lo
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[0014]  FIG. 3 i3 a block diagram of an exemplary adiabatic CAES system having a

dehvdration sysiem according to another embodiment of the wvention.

{0015}  FIG. 4 15 a block diagram of an exemplary dehvdration svstem according to

an embodiment of the wvendion.

[6016]  FIG 3 a block diagram of an exemplary dehvdration svstem according to

another embodiment of the invention .
DETAILED DESCRIPTION
{00171 Embodiments of the invention relate to adiabatic and diabatic CAES systems.

{0018}  Referning to FIG. 1, a block diagram of an exemplary CAES system 100 is
shown according to an embodiment of the invention. CAES systern 100 includes a
motor 102, a drive shafl 104, a compression train 106, a compressed air storage vohune

or cavern 108, an expansion system 110, and a generator 112,

{0019}  According 1o an embodiment of the invention, motor 12 drives drive shall
104, In twmn, drive shaft 104 dnves compression rain 106, Compression train 106
mchudes an ambient air intake 114, a first compressor 116, and a second compressor
118, During operation of compression tramn 100, ambient air 120 enters ambient six
intake 114 and 1s compressed by compression train 106, which inchudes [irst compressor
116 coupled to second compressor 118 via a compressor path 122, According 1o the
present embodiment, first compressor 116 compresses the ambient air. The compressed
ambient air then passes along compressor path 122 to second compressor 118, where
second compressor 118 Turther compresses the ambient air before providing the

compressed air along a compressed air path 124 {o cavern 108,

{0020} Though only two compressors 116, 118 are shown mn the present
embodiment, it 1s contemplated that compression train {06 mav include more than two
compressors coupled logether via compressor path 122 In addition. the two or more
compressors (e.g., compressors 116, 118) need not be separate components.  But rather,
the two or more compressors could be incorporated i a single compression chain

casing (not shown).
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{0021}  According to the present embodiment, before the compressed air is stored in
cavern 108, i is passed through a cooling uni 126 that removes heat from the
compressed air prior to storage 1y cavern 108, By removing heat from the compressed
air prior to storage, the integnity of cavern 108 is protected. 1t is contemplated that other
coolers such as an intercooler (not shown) could be utilized along conpressor path 122
to cool air as it fravels through compression train 106, 1t is also contemplated, however,
that embodiments of the wvention need not mclude cooling vmt 126 and/or an

inercooler.

{0022}  Alter compressed aiv is stored in cavern 108, the compressed air is allowed 1o
pass along an exit path 128, where the compressed air 1s reheated via a beating unit 130,
The rebeated compressed air proceeds through exit path 128 to expansion svstem 114
it is contemplated that expansion system 110 inclodes a first turbine 132, Due to the
configuration of expansion svstem 110, the compressed air is allowed to expand as i
passes therethrough: thus, causing rotation of first turbine 132, H is contempliated that
expansion svstem 110 may include additional turbines (not shown) to facilitale 1 power
gengration. Refernng to the present embodiment, the rotation of Iirst turbine 132 causes
a generator shaft 134 (o rotate. In tam, generator shaft 134 drives generator 112,

causing generator 112 {o produce electicity.

{0023}  According to an embodiment of the invention, CAES svsters 100 includes a
debumidilying system 136 that removes moistare from the air stream as it pass through
compression train 106, As such corrosion and degradation of downstream componenis
s minimized.  For example, moisture-induced corrosion and/or degradation of
tarbomachinery {(e.g., fivst twbine 132), heat exchangers (not shown), piping (not
shown), and mstrumentation {not shown} is nuninszed. 1t 1s noted that working
temperatures {e.g., 330 to 700 degrees Celsius) and high pressures {e.g.. 40 (o 100 bar)
encountered during operation of CAES systemns (e.g., 100} can exacerbate delaterious
effects of the hunud alr. Accordingly, debumidifiing system 136 miminuzes deleleriouns

effects associated with hwmid air.

{0024} It is contemplated that dehumidifying system 136 mayv mclude a desiccant~

type dehumidifying component, a glycol-based dehumidifying component, a

3
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condensation-tvpe, or other suitable dehwmidifving component(s} capable of removing

moistare from the working air stream of CAES svstem 100,

{0025]  In an altemate embodiment, CAES system 106 13 an adiabatic sysiem that
includes a thermal energy storage (TES) svstem 138 {shown in phantom)} In such an
embodiment, compressed air passing along compressed air path 124 to cavem 108
passes through TES system 138, which remioves heat from the compressed air. The heat
1§ stored by TES svstem 138, and is fater conveved back to the compressed air as the
compressed air passes along exit path 128 back through TES svstem 138 In such an
embodiment, the need for cooling unit 126 and heating unit 130 mav be avoided such
that CAES svstem 100 need not include heating and cooling heating units 126, 130,

respecthively.

[6026] I an embodiment that inclodes TES systern 138, it is conternplated that
CAES system 100 includes a dehumidifying system 1440 (shown in phantom) along a
portion 142 of compressed air path 124 that proceeds through TES systemy 138 to cavern
108, As such, according to the embodiment that emplovs TES system 138, two

dehwmidifving

foe

syslems 136, 140 nmy be emploved.  Altermatively, only one of

dehumidifving systems 136, 140 may be emploved. Embodiments emploving more
than two dehuwnudifving svstems {(not shown) are also contemplated. mcluding

embodiments that dehumudify ambient air 120 prior o entering compression chain 106.

{0027} Itis noled that embodiments that emplov one or more dehumidifving systems
upstream from TES 138 (eg.. dehumudifving system 136) effectively nunimize
moisture-induced corrosion andfor degradation of TES 138 and components thereof,
such as heat storage mventory (not shown), msulation material (not shown), andfor

pressure vessel material {(not shown).

{0028}  Accordingly, embodiments of the mvention remove moisture [rom
compressed air prior 1o storage of the compressed air in cavern 108, This moisture
removal 13 in addition {0 any moisture removal thal occors during cooling of the

compressed air.

)
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{0029} Referring now to FEG. 2, a CAES svstem 144 is shown according to an
alternate embodiment of the tnvention. CAES svstem 144 includes a compression stage
that includes a motor/generator 146 and a drive shaft 148 coupled via a frst clutch 150
to a compression tram 152, Compression train 152 includes a first compressor 154, a
comprassor path 156, an intercooler 138 along compressor path 136, a second
compressor 160, and a compressor drive shaft svstem 162 having a gear box 164, The
compression stage of CAES system also includes an aftercooler 166, a first valve 168

and a second valve 170 along a compressed air path 172, and a storage volume 174

[0030]  Along an energy production stage of CAES svstem 144 18 a third valve 176
along a compressed air exit path 178, a first heating umt 180, a second heating unit 182,
a first expander 184, and a second expander 186, an expander drive shalt svstem 188,
and second clutch 190 along expander drive shall system 188, Embodiments of the
invention include one or more debumidifving systems such as one or more of g first
dehunudifving system 192, a second dehumidifving system 194 (shown i phantom}, a
third dehumidifving svstem 196 {shown m phamtomy}, or a fourth dehumidifving svstem

198 {shown in phantom).

[0031]  During a compression stage. second clutch 190 is disengaged and {irst cluich
130 13 engaged. Motor/generator 146 then drives a compression framn 152 via drive
shaft 148 and compressor drive shaft sysiem 162, Compression train 132 includes an
ambient air intake 200 and first and second compressors 134, 160, During operation of
compression {rain 152, ambient air 202 is drawn through ambient air ntake 200 to first
air compressor 134 Accordingly, first compressor 154 compresses air flowing
therethrough. Generally, the temperature of the air sises during comprassion.  As such,
air egressing from first compressor 134 along compressor path 156 18 cooled by
intercooler 158 belore the comypressed air s Turther compressed by second compressor
160, Again, comprassion tends to cause the ais temperatare 10 rise. As such, aftercooler
166 along compressed air path 172 1 emploved to cool the compressed air egressing
from second compressor 160, 1t is contemplated that embediments of the mvention

include additional compressors (not shown).
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[0032] During the compression stage, first and second valves 168, 170 are
manipuiated to allow compressed air to flow to storage volume 174, and third valve 176
is manipulated so thal compressed air does not flow to first and second expander 184,

186,

{00331 In one embodiment, first dehunudifving svstem 192 s coupled o compressor
path 156 and is configured to remove moisture from the compressed air fraveling
through compressor path 1536 prior to the compressed ar passing over or eniaring
mtercooler 158 However, according to an allemate embodiment, a second
dehwmidifving svstem 194 {shown in phantom) 13 posttioned along compressor path 156
such that compressed aiv leaving intercooler 138 passes therethrough.  In such an
embodiment. first dehumidifving svstem 192 need not be emploved or mstalled. In
cither embodintent, moisture is removed from the compressed air, thus protecting

downstream components of CAES svstem {44,

{0034} In vet another embodiment. third dehumidifying system 196 (shown
phantom) iz positioned along compressed air path 172 such that air exiing from
compression train 132 passes therethrough and is thus dehumidified. In stll another
embodiment, fourth dehumidifying svstem 198 {shown in phantom) is positioned along
compressed air path 172 such that air exiting aftercooler 166 passes therethrough, Each
dehumidifving svstem 192-198 may be emploved independently or two or more of
debumidilying svstems 192-198 mav be used in conjunction with one another.  Fach
dehuridifving system 192-198 serves 1o remove moisture from compressed air prior to
storage of the compressed air i cavern or storage volune 174, As such, the integrity of
cavern 174 s prolected. Further, by removing moisture from the compressed air, each
dehumidifving system 192-198 will minimize wear on any downstream components,
Stilf further, wear on compoenents of the production stage {e.2., during operation of first
and second heating uniils 189, 182, and first and second expanders 184-186) caused by

hursidity or moisture f the svslem will also be minimized.

{6035} Since intercooler 158 and aftercooler 166 are emploved to remove heat from
the compressed air prior to storage. heating vnits 180, 182 are emploved to reheat the air

1o maximize efficiency of the energy production. It is noted that healing units 186, 182

N



WO 2011/059594 PCT/US2010/051298

also serve to prolect first and second expanders 184, 186, For example, 1f the
compressed air entering into first andfor second expanders 184, 186 via compressed air
exit path 178 is not properly warmed, the low temperatures attaned during the
expansion may cause first and/or second expander 184, 186 to “freeze-up”
Accordingly, first heating unit or burner 180 warms the compressed air entering inlo
fisst expander 184 and second heating unit or burner 182 yarms the partiallv expanded
air entering second expander 186, As such, “freeze-up” conditions are avoided. 1t s
contemplated, however, that embodiments include configurations in which no heating
pnits {e.g., heating units 180,182) are emploved such that a cold atr stream is produced

that may be used for cooling or freexing purposes.

{00361  In an alternate embodiment, rather than emploving first and second heating
wuts 180, 182, exhaust air from first andor second expanders 184, 186 15 passed
through an exhaust path 284 (shown in phantony) over a heat exchanger 206 {shown In
phantom). As sach, heat from the exhaust aiy is transferved to compressed air travelling
along compressed air exit path 178, thus warmung the compressed air prior (o

EXpansion.

{0037}  Referring now to FIG. 3. an adiabatic CAES svstem 208 1s shown according
1o an embodiment of the nvention. Similar components among FIG. 2 and Fig. 3 are
shown with common reference numerals. Rather than ichuding a single
motorfgenerator unit, such as motor/generator 146 of FIG. 2, the embodiment of FIG. 3
includes a motor 210 1o generate power Tor compression and a separate generator 212
for energy production.  Further, in contrast 10 the embodiments depicted in FIG. 2,
adiabatic CAES system 208 includes a thermal energy storage (TES) svstem 214, TES
svstem 214 is configured to remove and store heal from compressed air passing along
compressed air path 172 prior to storage of the compressed air in storage volume 174,
As the comypressed ay proceeds to compressed air exit path 178, TES gvstam 214
transfers heat back to the compressed ar prior to the compressed ar entering first and
second expanders 184, 186, Accordingly, neither burners 180, 182 of FIG. 2 nor heat

axchanger 206 need be emploved.

Y
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{0038}  According to an embodiment of the invention, adiabatic CAES system 208
includes a dehumidifving svstem 216 coupled to a portion 218 of compressed air path
172, which also serves as compressed air exil path 178 duning an energy production
stage. In such an embodiment. moistare 1s removed from the compressed air prior to
storage 10 storage volume 174 and 1s once again dehunudified as compressed air

proceads through compressed air exat path 178 1o first and second expanders 184, 186,

{B039]  Altemnatively, rather than posttoning dehumidifving svstem 216 between
TES svstem 214 and storage volume 174, a dehumidifving svstern 220 {shown in
phantom) mav be positioned along compressed air path 172 such that moisture is
removed [rom the compressed air prior {0 passing the compressed air through TES
systern 214 In such an instance, TES svstemn 214 13 protected. or at least parbally
protected, from the deleterious effects moisture can have on the components thereof.
For example, corrosion and reverse chemistry that may be caused by the mosture is

avordad or at feast minimized.

{00401 I is contemplated that an exhaust heat 222 {shown i phantom) from first
andfor second expanders 184, 186 and/or a guantity of heat 224 (shown in phantom)
from TES svstem 214 may be used to recharge dehumidifving system 220, In other
words, heat 222 and/or 224 may be used 10 remove or purge any moisture built up in
dehumidifyving svstem 226, Though not showr, in a similar manner, heat 224 from TES
systern 214 andfor exhaust heat 222 from fisst andéor second expanders 184, 186 may be
used 1o recharge dehunidifving svstem 216, It is poted that other heat sources (not
shown} such as one or more electrically dniven heat sources may be additionally or

alternatively used to recharge dehumidifving svstems 216, 220,

{0041}  Rather than, or v addition lo, adigbatic CAES system 208 having
dehumidifving svstem 216 andfor debunudifving svstem 220, adiabatic CAES svstem
208 may include a dehuwmudifving system 226 (shown n phantomy coupled to
compressor path 156 upstream from mtercooler 138 andfor a dehumidifving svstem 228
{shown i phantom) coupled to compressor path 156 downstream from witercooler 138,

Simifar to the recharging discussed above, exhaust heat from first andfor second

10
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expanders 184, 186, heat from TES svstem 214, and/or heat from other heat sources

may be used to recharge one or more of dehumidifving svstems 226, 228,

{0042} It is noted that adiabatic system 208 may mclude one or more of depicted

debunudifving systems 216, 220, 226, 228

[6043]  Refernng now Lo FIG. 4, an exemplary dehumidifving system 230 1s shown
according 1o an embodiment of the mvention that may be used for the dehunudifving
svstems it the embodiments of the invention discussed herein.  Dehunudifving unit or
svatem 230 mcludes a dehumidifving component 232, a compressed air inlel 234, a
compressed air outlet 236, a driver 238, a regenerator 240 having a moisture outlel 242,

a heating unit 244, and a pump 246,

[0044]  Simular 1o the manner in which dehumidifving systems 192-198, 216, 220,
226, 228 are positioned or coupled in respective CAES systems 144, 208,
dehumidifving system 230 is positionable m a CAES svstem (adiabatic or non-~
adigbatic) such that compressed air enters mto dehumidifying conponent via
compressed air inlet 234 and moisture therein is removed by a  solution of
dehomudifving component 232, The solution within dehumidifving component 232
may include, for example, a glvcol-based solution that removes moisture from humid
air. Drv, or at feast partially drv, compressed air exits from dehumidifving component
232 via compressad air outlet 236 and proceeds through the CAES svstem (e.g., CAES
systern 100 of FIG. 1, 144 of FIG. 2, and 208 of FIG. 3) as described above Moisture
buili up v dehuwnudifving component 232 of FIG. 4 15 allowed to pass o regenerator
2:4¢ with the aid of driver 238, That is, driver 238 drives a solution having moisture
theramn to regenerator 240, Heat is added to regenerator 240 via heating wmt 244 1o boil
ofl or purge moisture [rom the solution fransterred 1o regeneralor 240, thus expalling the
maisture to the atmosphere via moisture outlet 242 s contemplated the beating unil
244 may comprises a heat exchanger (2.2., heat exchanger 206 of FIG. 2), a combustion
or electrically driven burner, or the like. Pump 246 of FIG. 4 pumps the regenerated
solution, now with the moisture at least substantially removed. back 1o dehanudifving

component 232,

1
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[0045] It is contemplated that the heat provided to heating unit 244 of regenerator
240 may be provided from an expander exhaust or a TES system in a manner sinular to
that shown in FIG. 3. Further, it ¢ also conteraplated that other heal sources mav be

used to supply heat to regenerator 240 of FIG. 4

{0046]  Referring now to FIG. 3, a dehunudifving system 248 15 shown according to
anothar embodiment of the invention that may be used for the dehwmidifyving systems in
the embodiments of the inveniion discussed herein.  Dehumydifving svstem 248 ¥s a
desiccant~type of debunudifving svstem and mcludes a debunudifving component 250
a compressed air inlet 252, a desiceant material 234, g support gnid 256 {o support

desiccant material 234, a compressed air outlet 238, and a drain valve 260

{0047} Durning operation, compressed air having moisture thersin enters through
compressed air infet 252, passes through support grid 256 and desiecant material 254,
and the exits through compressed air outlet 238 back mto the compressed air path of the
CAES svstemt (e.g. compressed air path 124 of the FIG. 1 CAES system 100,
compressad air path 172 of the FIG. 2 CAES svstem 144, or compressed air path 172 of
the FIG. 3 CAES svstem 208). Desiccant matenal 254 of FIG. 415 configured 1o absorb
maisture from humid compressed air. As such, the compressed air egressing [rom
compressed air outlet 238 generally has a reduced moisture content relative 1o the

compressed air entering through compressed air inlet 232,

[0048]  When desiccant material 254 becomes saturated, or approaches saturation,
drain valve 260 is opened to allow moisture caplured by dehumidifving component 250

1o drain therefrom.

{00491 It is contemplated that dehunudifving component 230 include a recharging air
inlet 262 (shown in phantom}, that allows warm air 0 pass o dehumidifving
component 230 and out drain valve 260 thereof  In such an embodiment, the warm air
passing through dehunudifving component 250 draws moisture from desiccant material
254, As suych, humid air exits or 15 expelled through dram valve 260 1o recharge

delsmicifyving component 230,
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{0050} [t 1s contemplated that exhaust air leaving one or move expanders of a CAES
systermy may be directed through dehumidifving component 234 via recharging air inlet
262 for recharging.  For example, exhaust path 204 of FIG. 3 may be divected through
debumidifving component 250 for recharging purposes. Allematively, heat from a TES
svstem {e.g., TES svstem 214 of FIG. 3) may be directed through dehumidifving
component 250 of FIG. 5 for rechargimg purposes. It is noted, however, that other heat
sources besides, or in addition to, exbaust air or 8 TES system could be used, such as a

combustion or elecinically driven heat source. to recharge dehumidifving 1 248,

{0051} In accordance with one embodiment of the nvention, a CAES svstem
includes an ambient air intake configured to intake a quantity of ambient air for storage

in a compressed mir storage volume, a compression system coupled to the arbient aix
intake, a first path proceeding from the ambient air intake (o the compression system, a
second path proceeding from the compression system to the compressed air storage
volume, and a dehomidifving svstem. The compression svstem is configwed lo
compress the guantity of ambient air to a quantily of compressed air and mcludes a
compression path thersthrough that is configured to convey the quantity of compressed
air through the comprassion systen. The first path is configured to convev the quantity
of ambient ar to the comprassion svetem and the second path 15 configured to convey
the quantily of compressed air to the compressed ar storage volume.  The
dehumidifving svstem 1s coupleable to at least one of the first path, the compression
path, and the second path and includes a dehumidifying component configured to
remove a quantity of mosture from one of the quaniity of ambient air and the quantity

of compressed air,

{0052} In accordance with another embodiment of the invention, a CAES svstem
includes a compression train having a first compressor configured 1o compress a
quantity of ambient air into a first guantity of compressed air and a second compressor
configured to comypress the firsl guantity of compressed air into a second guantity of
comprassed air. The CAES system also includes a comprassed air storage volume, a
first compressed air convevance path coupled to the compression framn and {0 the

compressed air storage volume, a poveer generation system, a compressed air exit path

13
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coupled {0 the power generation svstem and to the compressed air storage volume, and a
dehumidifving componeni. The compressed air storage volume 1s configured Lo store
the second quantity of compressed air.  The first compressed air convevance path is
configured to convey the second quantity of compressed air o the compressed air
storage volume. The power generation svstem is configured to generate electricity from
a third quantity of compressed air. The compressed air exit path is configured to convey
the thurd quantity of compressed air [rom the compressed air storage volume to the
power generation system.  The dehumidifving component 18 confipured to remove a
quantity of moisture from one of the ambient air and the compressed air prior 10 storage

of the quantity of compressed air in the energy storage volume.

{00531  In accordance with vet another embodiment of the invention. a method of
removing moisture from a CAES system includes conveving a quantity of air through a
compression svstem that has an ay intake configured to mnfake the guantity of air into
the compression svstenm, at least two compressors configured to compress the quantity
air after intake, and a compressed air outlet configured to provide a path for the quantity
of air that is compressed to exit the compression svsiem.  The method also includes
transferring the quantity of air exited from the compressed air ogtlat o & comprassed air
storage volume and passing the quantity of atr through a dehumidifving svsiem to
remove moisture from the quantity of air prior to storage of the quantity of air in the
comprassed air storage volume. The compressed air storage volume configured to store

the quantity of air for later energy production.

{0054 This wiitten description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the arl to practice the mnvention,
inctuding making and using any devices or systems and performung any incorporated
methods.  The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Sueh other examples ara
intended to be within the scope of the claims if they have structural elements that do not
differ from the hteral language of the claims, or if they include equivalent structural

clements with insubstantial differences from the literal languages of the claims.

14
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CLAIMS

What 13 clasmed is:

i A compressed air energy storage (CAES) system comprising:

ant ambient air intake conligured to intake a gquantity ol ambient air for
storage in a comppressed air storage volume;

a compression sysiem coupled to the ambient air intake and configured
to compress the quantity of ambient air to a quantity of compressed air. the compression
system comprising a compression path therethrough configured to convey the quantity
of compressed air through the compression syslem;

a first path proceeding from the ambient air ntake {o the compression
svstern and configured 1o convey the quantity of ambient air to the compression systeny
and

a second path procesding from the compression svstem io the
compressed air storage volume and configured to convey the gquantity of compressed air
to the compressed air storage volume; and

a dehumidifying system coupleable to af least one of the first path, the
compression path, and the second path. the dehumidifving system comprising a
debunudifving component configured to remove a quantity of moistore from one of the

guantity of ambient air and the quaniity of compressed air.

2. The CAES system of claim 1 whergain the CAES svstem is an adiabatic
CAES gvstem and further comprises a thermal energy storage (TES) system along the
second path between the compression system and the compressed air storage volume,
the thermal energy storage svstem configured to remove and store a gquantity of heat
from the quantity of compressed air. wherein the debhuwmidifyving system removes the
guantity of moisture from the quantity of compressed air prior to the guantity of
compressed air reaching the TES system.

3. The CAES svstem of claim 1 wherain the dehumidityving component

comprises a desiccant-based dehumidifving component.

13
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4. The CAES system of claim 1 wherein the dshumidifving component

comprises a glvcol-based debunndifying component.

3. The CAES system of claim 1 wherein the dehumidifving system further
comprises a heating svstem configured to remove moistare from the dehumidifying

component.

6. The CAES svstem of claim § wherein the heating svstem is configured to
convey heat from a turbine exhaost from the CAES to the dehumidifving component to

remove the moisture,

7. The CAES svstem of claim 5 wherein the heating system comprises at

least one of a combustion heat generating component and an alectrical heat generating

component.
8. The CAES svstem of claim 1 wherein the compression system
COMPrises:
a first compressor configured to compress the quantity of ambient air,
and

a second compressor configured to further compress the quantity of
ambient air. wherein at least a portion of the dehumidifving svstem is coupleable to the

compression path between the first and second compressors.

9. A compressed air energy storage (CAES) svstem comprising:
4 compression rain comprising;
a first compressor configurad (o comprass a quantity of ambient
air o a first quantity of compressed air; and
a second compressor configured to compress the first quantity of
compressed air into a second quantity of compressed air:
a compressed air storage volume configured to store the second quantity
of compressed air;

16
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a first compressed air convevance path coupled to the compression train
and {0 the compressed air storage volume and configured to convey the second quantity
of compressed air o the compressed air storage volume;

a power generation systerm configured to generate elecincily from a third
quantity of compressad air,

a compressed air exit path coupled to the power generation svstem and lo
the compressed air storage volume and configured to convev the third quantity of
compressed air from the compressed air storage vohume to the power generation system;
arxd

a dehumidifyving component configured fo remove a guantity of moisture
{rom one of the ambient air and the compressed air prior {o storage of the quantity of

compressad air in the energy storage volume.

10, The CAES system of claim 9 wherein the CAES system is an adiabatic
CAES further comprising a thermal energy storage (TES) component coupled to the
compressed air convevance path and configured to remove a quantity of heat from the
quantity of compressed air prior {o storage of the quantity of compressed air m the
compressed air storage volume, and wherein the debumidifving component is

configured to minimize moisture transter to the TES component.

11, The CAES svstem of claim 9 wheremm the dehamidifving component

comprises a plurality of desiccant materials,

12, The CAES svstem of clatm ¥ wherein the dehumidifving component

comprises a glvecol-based material.
13, The CAES system of claim 9 further comprising a recharging svstem

coupled to the dehumidifving component and configured to transfer heal to the

dehumidifving component (o remove moisture from the dehunudifving component.

17
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14, The CAES svstem of claim 13 wherein the recharging svstem comprises
a heating anit o produce the heat to be transferred to the dehumidifving component, the

heating wiil producing the heat via one of combustion power and electrical power,

15, The CAES svstem of claim 13 wherein the power generation svstem
comprises a turbine configured to produce electrical energy from the compressed air,
andd wherein the heat transferred to the dehumidifving component 1s conveved from an

exhaust of the turbine.

16, The CAES system of claim 9 wherein the compression train comprises a
compression  path coupled to the first and second compressors. wheremn the
dehunudifving component 1s coupled 1o the compression path between the first and
second compressors.

17. A method of removing moisture from a compressed air energy storage
(CAES) svstem comprising:

conveying a quantity of air through a compression system comprising:
an air intake configured to itake the quantity of air into the
compression systen,
at feast two compressors configured to compress the quantity air
after intake; and
a compressed alr outlet configured to provide a path for the
quantity of air that is compressed to exit the compression systen,
transterning the quantity of air extted from the compressed air outlet to a
compressed air storage volame, the compressed air storage voleme configered to slore
the quannty of air for later energy production; and
passing the guantity of air through a dehumidifving system (o remove
maoisture from the quantity of air prior to sforage of the quantity of air in the compressed

air storage volame.

18, The method of claim 17 wherein the dehumudifving system is couplad to
the compression system between the first and second compressors.

18
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19, The method of claim 17 wheremn the dehumidifving svstem comprises at
least one of 8 glveol-based dehumidifving component and a  desiccant-based

foe

dehumidifving component.

20, The method of claim 17 further comprising conveving heat to the

dehwmidifving svstem {0 remove moisture from the delhamidifving system,

19
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