1 SYSTEMS AND METHODS FOR GENERATI NG POAER AND CHI LLI NG USI NG UNUTI LI ZED
HEAT FI ELD OF THE | NVENTI ON [ 0001] The present application relates to
systens awmo 20mtthems enpl oyi ng sorbent material s to generatraspaases’and
chilling using unutilized heat. In particular, the present invention
relates to a system and nethod for t he Isi mul t aneous generation of power and
chilling utilizing waste heat. BACKGROUND OF THE | NVENTI ON [ 0002] Pet rol eum
refining and petrochem cal processing operations are energy intensive. It
is often necessary to conduct these operations at high tenperatures using
hi gh tenperature heaSYSAUEMSsANRMENHODHEORGENERATENG 0, steam After

t he steam or ot her POWWER ANINE HIAN AN USON GEUNILNE LIZEONHFA T unct i ons, there
remai ns unutilized energy. Refineries and petrochem cal facilities
typically utilize only 70% of the input energy and a | arge amount of energy
| oss occurs at | ower tenperatures, 450 F or below. There is a strong need
to recaptur i 4 i y. Potential uses of this energy include
producti on Mﬁéﬁqrﬁﬁiﬁyﬁﬁﬁoﬁ}?t power, or chilling of process streans.
However, the cost of equipnent to capture this heat can be a disincentive

because of the | ow efficiencies of waste heat capture devices when the
source of hé@0l]ls athopreprat applygporrelaeetn pisenpondmmetbodstamplovige, and

chi |11ng_can, g, &fh AL XEbndiih bhg el dt Fb M E AR AN ARG ofhem cal
processes to increase thecoverall &f 11ci ency of sthe faci tity. 2
particular, the present invention relates to a system and method for the

simultaneous generation of power and chilling utilizing waste heat.

BACKGROUND OF THE INVENTION

[0002] Petroleum refining and petrochemical processing operations are
energy intensive. It is often necessary to conduct these operations at high
temperatures using high temperature heat sources including, but not limited to,
steam. After the steam or other hot streams have performed the intended
functions, there remains unutilized energy. Refineries and petrochemical
facilities typically utilize only 70% of the input energy and a large amount of
energy loss occurs at lower temperatures, 450 °F or below. There is a strong
need to recapture or utilize this energy. Potential uses of this energy include
production of electric power, shaft power, or chilling of process streams.
However, the cost of equipment to capture this heat can be a disincentive
because of the low efficiencies of waste heat capture devices when the source of
heat is at or below 450 °F. Electric power, shaft power, and chilling can be
effectively utilized in refineries and petrochemical processes to increase the

overall efficiency of the facility.

[0003] In an effort to increase efficiency, it is desirable to recover and utilize

vnutilized heat. One method described in U.S. Patent No. 5,823,003 to Rosser et



al. attenpts to nmake use of waste heat and apply such heat to an adsorbent
material in order to rel ease an adsorbed gas at a higher pressure, which in
turn can wWe 206¢d918m a refrigeration cycle that contai nspan/usz@pangi’on val ve.
U S. Patent No. 5,823,003 describes thgbgse of a zeolite-water comnbination
for a sorption refrigeration system [G004]Current nethods to obtain
refrigeration fromsorbent nmaterials in chem cal process applications have
their limtations. Oten the sorbent nmaterials and gases enpl oyed in
sorption systens require processing equi pnment that is expensive to

mai nt ai n, opkrétwpLidenkeaseafivastaheatandapplygerclahéasito penagrortentr e above

Space.  Such TSI 4 PBRERglan Phbareis FLLbeERP s N Ddimeat
econom cal | yanBé Hsddah AablrReerd R85t RaRATBhes¥an dxPeisfor] €IFRE. NS, need to nake
unutilized heat recovery efforts nore cost-effective by providing the

oppor t uni t y PasntlNol $,83.08hdesc(ibeste ubanf %8@K)-wgtcadembofationderid | zed heat
and to reduce nt .and ace requirenments of the process. There al so
remains a né@@lggr P@V@H8n8¥%%P uses, besides refrigeration, of the fluid
rel eased fron1unut|I|zed heat - charged sorbent materials. SUMWARY OF THE

| NVENTI ON [ 0006] One _enbodi nent of the present application provides a
sorption sy$QWUHf or Cyaeidmagthorts tpoRkn E?rfﬂg‘?fh‘ilqﬂl frag SoRRant ENakgials i0j r st vessel

Cont a1, kS oL, SO SR s Yo 11

and operative eat” sour ing fluid

at a super chhd keh efipbdyed iRs@ptien afsidmd reqhirtlbtbcesyimejué@hémnhamiis h the feed
of working fluid at supercritical state to yield power and a feed of
wor ki ng f I uit¥Pgn§ivaro sraintaiils ppgiatetingden YACH B S CE G HIONHRPPEIE G apor at or

in fluid COW \9%{" ﬂ@eﬁ\ﬁé Boi£p82 153), unreliable, and requires a large allocation of

space. Such limitations often render the recovery of unutilized heat

economically unsustainable.

[0005] Accordingly, there remains a need to make unutilized heat recovery
efforts more cost-effective by providing the opportunity to utilize lower (less
than 450 °F) grades of unutilized heat and to reduce equipment and space
requirements of the process. There also remains a need to provide other uses,
besides refrigeration, of the fluid released from unutilized heat-charged sorbent

materials.

SUMMARY OF THE INVENTION

[0006] One embodiment of the present application provides a sorption
system for generating power and chilling including a first vessel containing a
sorbent material in fluid communication with a working fluid and operatively
connected to a heat source to yield a feed of working fluid at a supercritical state,
a generator in fluid communication with the feed of working fluid at
supercritical state to yield power and a feed of working fluid in an at least

partially condensed state, and an evaporator in fluid communication with the



feed of working fluid in the at |east partially condensed state to yield

chilling and a feed of uncondensed working fluid. In one enbodi nent, the
heat sourwe 20si/@s78anuti | i zed heat source. [0007] The pre®emtuSapplopwat i on
al so provides a process for generating power and chilling including

adsorbing a working fluid onto a sorbéent” material, heating the sorbent
material to desorb the working fluid fromthe sorbent naterial at a
supercritical state, directing the desorbed fluid to drive a generator to
generate power and to at |east partially condense the desorbed working
fluid, and dealpdrvenrkimg ftiné imthelagbeast paatialiyadongensed datstod/iddsbrlbeglatid ui d to
yield chilli a feed of yncopdensed wor ki flu d, I n one.enbodi nent,
The hear no e EGuRaRdTy ntrs MG TR Eat Shbbiuins the e PafeRiSH oper at i on
and chem calnpfiecasshi@ueeer ati on. [ 0008] The present application al so

provi des a sorption systemfor generating both power and chilling that

i ncl udes an absorber to absorb a working fluid in a |iquid sorbent, a punp
in fluid conmuni cation with the absorber to yield a feed of pressurized

l'i quid sorbd®07hnd Blssprietad applideiag alsp preyides haeess doir geactagnB@awer he f eed
of pressuri | Ui - e a I.be rkin lud to vield a feed of
vor ki ng- 11 und s o BRlR o A PRPERE RS Pao e R bElfien cac i on

with the feest Rfibsmdidatdtl td gdsdrinthe v EKRGMTRId Fogathe Sbidet hateyibiedtd power and
a feed of working fluid in an at |east partially condensed state, and an

evapor at or Wil stetendiecmgitondesorttedifiad feddved 2HrprRPhE SoNeiaE i n t he at
| east partiall ondense t | el hillin 0 nsed wor ki ng
fluid. The %8g¥r%5ﬁgé%§ﬁ%§&%@&?n&%ﬁﬁﬁﬁﬁﬁ%éﬁbﬁgé‘gg%ﬁﬁ%@&a[ 9] The present

appl i cat i on capatifgomt deadt paFtRLIeSInli@Tsed oI MPd bo{ il emBingand achi | 11 ng

t hat includes absorbing a working fluid into a liquid sorbent to yield a

| i qui d sorbdepd c&mcqmﬁqﬁewom&ﬁwg- i gheiempediswat ithe hegtingés progided 4
sorbent and,absar.be i fl i i ner. ressur.e ing the
pressurizedeﬂ%Hﬁ@a%gﬁﬁéﬁ?&%ﬁlcggggéﬁg %ﬁgggﬁﬁgmfﬂﬁiég@6”%%§%%% t he worki ng
fluid from tpheragesbent material in a supercritical state, directing the
desorbed working fluid to drive a generator to generate power and to at

| east partially condense the desorbed working fluid, and evaporating the at

| east partially condensed desorbed working fluid to yield chilling and
uncondensed | i ngl19 Rfceent pPPlisIEOR AlSE MRS 2 SRRt eRstenyiar gepstatiitied by

unut i i zed Beal,dy QMaRRiIRly af GbiRLNG ARSHAL HOR B SRARhE BhiPRacessi ng

operati on.
liquid sorbent, a pump in fluid communication with the absorber to yield a feed

of pressurized liquid sorbent and absorbed working fluid, a heat source to heat
the feed of pressurized liquid sorbent and absorbed working fluid to yield a feed
of working fluid at a supercritical state, a generator in fluid communication with
the feed of working fluid at a supercritical state to yield power and a feed of
working fluid in an at least partially condensed state, and an evaporator in fluid
communication with the feed of working fluid in the at least partially condensed
state to yield chilling and uncondensed working fluid. The heat source may be

an unutilized heat source.

[0009] The present application also provides a process for generating both
power and chilling that includes absorbing a working fluid into a liquid sorbent

to yield a liquid sorbent and absorbed working fluid, pressurizing the liquid



[ 0010] I n accordance wi th anot her aspect of the present invention, a
sorption systemfor generating power is disclosed. The sorption system

i ncl udes wof2origtioxsessel in fluid communi cation with a weckiusgorfiloed7d2 and a
liquid sorbent material such that the @Prking fluid is adsorbed in the
liquid sorbent in the first vessel toyield a feed of liquid sorbent with
an adsorbed working fluid. The working fluid is selected from carbon

di oxi de, met hane, ethane, propane, butane, amoni a and chl orof | uorocarbons.
The feed of liquid sorbent with an adsorbed working fluid is fed to a heat
sour ce. TheSh@@nt%ﬁhﬁ@@b@&ywuéngﬂuuH@ﬂhNEZ%dlm%ﬁmfsbuMGgﬂwhich i ncl udes a

vapor gener at i senga rbe t fromthe
adsor bed V\DPE‘?SW&IZFPS’H&I‘?@@?’E ‘i lgw%ég]g” t& fiﬁ%g?ﬁodl? A O'E " Supercri ti cal
state and affeEfofth ls@mbﬁt rﬁ@céﬁ@l%asﬁpél’cflﬁéalgt%&beﬁ?&&[ng the dBsdrbad d

comuni cation with the feed of working fluid at supercritical state to

yi el d power wanking fluedth diveviogdoieragorftb gederaie pmveatanql éa@tleﬁpap@ntlallj/y condensed
state which is .in i O thth st, ve The first
gener at or ey sy (s SRR RHEHSE RuEhaBhtr puRtrabs b T RSl o

comuni cat i @hndunkéy aé%,@rﬁea@@brﬁi‘nglﬂLﬁ@Jtcdy@Rr&ﬁmgtaﬁdﬁh&lr@eﬂ&wo&ﬁ% a feed of
liquid sorbent in fluid communication with first vessel. The second

gener at or nﬁlyald)elna)ne\mnboslun@w '@ﬂ [haﬁttmls préy lm BRuESERI Pt AronOPneT b

DRAW NGS [001%%The inventio (? n w be descr{bed n conjunction with the
acconpanyi nd "8 ARE RHE AR (Y ElT?mlca proceﬁf’IB%PBerf Y% a schematic of a sorption

system for the generation of chilling in accordance with an aspect of the
present invention. Figure 2 is a Mdllier Diagram annotated to show

four points (i@ cComrRspaancd With anbthet RPES oPthel fiesen0Oimvthiash, a%sipisndescri bed
in Figure 1. Figure 3 is a Mollier Diagram annotated to show

al t er nat i ve spyioadesgqnsrating poasess Girledsd. dhe septigasysenéngludes adfikt eve a
tenperat ure g{) ARAUL4 4305, 20 n§£ LaENALLMS, %eclt ea%ﬁ aHPcqu& ?Q{E&qst%atgﬁ‘ (the use

of hi gher so |ng pressures use THoco enerati on of
chilling.  such thki @R rKink Fluad BGICHBED th OF lid0iEdsinpin OB fExStesssl tor the

generation of power and/or chilling in accordance with an enbodi nent of the

pr esent appl}’i@g@ ifesgl of liquid sorbent with an adsorbed working fluid. The working fluid
is selected from carbon dioxide, methane, ethane, propane, butane, ammonia and
chlorofluorocarbons. The feed of liquid sorbent with an adsorbed working fluid
is fed to a heat source. The heat source may be an unutilized heat source which
includes a vapor generator. The heat source disengages the liquid sorbent from
the adsorbed working fluid to create a feed of working fluid at a supercritical
state and a feed of liquid sorbent. A first generator is in fluid communication
with the feed of working fluid at supercritical state to yield power and a feed of
working fluid in an at least partially condensed state which is in fluid
communication with the first vessel. The first generator may be turbo expander.
A second generator is in fluid communication with the feed of liquid sorbent to

yield power and a feed of liquid sorbent in fluid communication with the first

vessel. The second generator may be a twin screw expander.



Figure 5 is a schematic of an absorption systemfor the generation of power
and/or chilling in accordance with an enbodi nent of the present

appl i cat iw0.2011/119787Fi gure 6 is a schematic of an absor pPcossyigoesams or t he
generati on of power in accordance vvithégn enbodi nent of the present
application. DETAILED DESCRIPTION OF T | NVENTI ON [ 0012] The present
application will now be described in greater detail in connection wth the
figures and the following ternms. [0013] As used herein, the term "sorbent
material"™ refers to a material that reversibly binds a working fluid.
Sorbent materials include, but are not limted to, absorbents and

adsorbents.ggﬁéﬁgﬁmﬂw rmp"working fluid" refers to a
liquid or g i sorbent material.

[0011] The invention will now be described in conjunction with the

ad

accompanying drawings in which:

Figure 1 is a schematic of a sorption system for the generation of chilling
in accordance with an aspect of the present invention.

Figure 2 is a Mollier Diagram annotated to show four points that
correspond to four stages of the sorption system described in Figure 1.

Figure 3 is a Mollier Diagram annotated to show alternative process
points based on the use of waste heat to achieve a temperature of about 450°F
and alternative process points based on the use of higher sorbing pressures for
use in connection with the generation of chilling.

Figure 4 is a schematic of an adsorption system for the generation of
power and/or chilling in accordance with an embodiment of the present
application.

Figure 5 is a schematic of an absorption system for the generation of
power and/or chilling in accordance with an embodiment of the present
application.

Figure 6 is a schematic of an absorption system for the generation of

power in accordance with an embodiment of the present application.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present application will now be described in greater detail in

connection with the figures and the following terms.

[0013] As used herein, the term “sorbent material” refers to a material that
reversibly binds a working fluid. Sorbent materials include, but are not limited

to, absorbents and adsorbents.



[ 0015] As used herein, the term"generator"” refers to a turbine, shaft or

ot her nmechani smdriven by a working fluid (e.g., a working fluid
pressuri 280 2by/Aaprsabsor pti on or adsorption system to geqgrst@1penser or
wor k. [0016] As used herein, the term"vessel"” refers to a container
suitable for containing a sorbent matérial and a working fluid under
suitable conditions to permt sorption (e.g., absorption or adsorption)
and/ or desorption. [0017] As used herein, the term"waste heat," "unutilized
heat" or "unutilized heat source"” refers to the residual or remaining heat
source (e.g., steam follow ng the processing operation after the heat
source has been used for its primary purpose in the refining or

pet rochen cd@014 ocedspsrg hvpanahp sm werking fhad” reders te 8 lignislorzes &t ed to as

wast e heat. The unutilized heat, or ti,l i zed heat source refers to a heat
ca% FerYgrS;[bc% lgllaéndetS tﬁe ?o;b nt n!ilar%(%j

source that 7 8 any usé |Hﬂ¥9fining and/ or petrochem ca

processi ng operations and would traditionally be discarded. The unutilized
heat can be provided as an unutilized heat stream For exanple, but not
limtation, [@018]i | | Xedsdldateiaahe teinl ti@daciatoramitiad avadiready@hther a heat
exchanger used in petrol eum and. petrochem cal processing,. and is of no

val ue to cufMeshanippseen By agvrrking thid (g dp seoskiga dluig psidrized b¥ea her ein,

the term " pypm, ﬁ&{gg@sgﬁé@ﬂgﬁ%‘g@ geql@%’aitcgﬁo&% gists in transporting

fluids and/or pressuri zi to an 1 ncreased pressure. [0019] As used
herein, the term"efficiency" in context of the present invention is
defined as the power plus chilling generated over the heat input.

[0016] As used herein, the term “vessel” refers to a container suitable for

containing a sorbent material and a working fluid under suitable conditions to

permit sorption (e.g., absorption or adsorption) and/or desorption.

[0017] As used herein, the term “waste heat,” “unutilized heat” or
“unutilized heat source” refers to the residual or remaining heat source (e.g.,
steam) following the processing operation after the heat source has been used for
its primary purpose in the refining or petrochemical processing operation.
Unutilized heat is also referred to as waste heat. The unutilized heat or
unutilized heat source refers to a heat source that is no longer of any use in
refining and/or petrochemical processing operations and would traditionally be
discarded. The unutilized heat can be provided as an unutilized heat stream. For
example, but not limitation, unutilized heat can include steam that was employed
in a heat exchanger used in petroleum and petrochemical processing, and is of no

value to current processes and is being discarded.

[0018] As used herein, the term “pump” refers to a physical device that

assists in transporting fluids and/or pressurizing fluids to an increased pressure.

[0019] As used herein, the term “efficiency” in context of the present

invention is defined as the power plus chilling generated over the heat input.



7 [0020] As used herein, the term"twn screw expander" in the context of
the present invention is defined as a device driven by high pressure liquid
or m xed wbasa/gembent |iquid to generate power or shaf PCrarsko11fo@024] For
purposes of illustration and not Iimtation, a zeolite 13X/ CO2 adsorption
system 100 i s provided, as depicted schematically in Figure 1. A Mdllier

Di agram for carbon di oxide at various tenperatures and pressures for this
enbodi ment is shown in Figures 2 and 3 for reference. In this enbodi nent,
two vessels 111 and 112 are nmintained in an adsorption node and a
desorption node, respectively. Wen one vessel is in the adsorption node,
the other vessel is in the desorption node and vice versa. In this exanple,
t he sorbent [08A0&r i af\s psedAwating e 1@X Ewen sdiew wspaidsy’ hithe eontextofphe For t he

vessel in th sor ption e, arbon di.oxi de i or bed . he zeolite
I5Cat b o BEBRERIEGRT: TRGRg SAREM.GREN R bl BERMLRH Y b O et

condi tions %h@se@@f&heﬁqﬁiﬂt&g@t&ﬁe%o%r&ts'hgﬁ:v&ork[ 0022] After adsorption is
conpl ete, the adsorbent bed is isolated (e.g., by operating the rel evant
valve (e.g., valve 141 for vessel 111 or valve 142 for vessel 112)) and
heat ed using unutilized heat froma petrol eumrefining or chem cal process.

The adsor pt 1¥R lhodel @anrpesss of lustsatinsyand nos HgR@aop.e olite) BXE&bnds) to

several mn . } f: 0r.nt | j aged upon the
adsor bent ng er %%P§ﬁgﬁi?ﬁ?§q§§V8%¥§éag€ﬁ§@FF@§%ﬂR’§%¥9§%§§%P %22 IS
applied to tMaliveBigltanm foraatken dioxideaovdrioubenggdiioresdndyraeyret furs

initiating the desorption_ node. Usi ngzat he unutilized heat, the vessel is
heated to alysempedimengissshowndn Figusey apndifRideivssnce. B Piegabedinsatstream i s

generat od dygo 0. q1 AL, ol ARLAAM HSAHSITARI Lo TR\ RLBoRS e

adsor bent bed heats to n response to operation o pressure
regul at or valode, fesp@tivelyal Whenldik: ¥egsel vemstié adsbiption nade eheldtherf vssaressel
112), high pressure CO2 is released 8 fromthe vessel to pressure. danper or
cool er 115 &t indhedesopntionraedganed Yige yersa.. Inthisexgaiply) thegerbant mategighist ed i n
Figure 2 as . r t LS r.Oxl 12F.
[ 0023] The prZ ggélg[g??%eagg%%gﬁgé%h@slgé?& gg?fhn t S%a 61?213321‘&?%@5%%&&(1 % cool er
carbon dioxide is adsorbed by the zeolite 13X at a pressure of about 140 psi and
a temperature of about 95°F. These conditions are denoted in Figure 2 as

Stage 1.

[0022] After adsorption is complete, the adsorbent bed is isolated (e.g., by
operating the relevant valve (e.g., valve 141 for vessel 111 or valve 142 for
vessel 112)) and heated using unutilized heat from a petroleum refining or
chemical process. The adsorption mode can last for several seconds (e.g., 10
seconds) to several minutes. The duration of the adsorption mode varies based
upon the adsorbent material and fluid selected. Unutilized heat 121 or 122 is
applied to the vessel in order to desorb the carbon dioxide, thus initiating the
desorption mode. Using the unutilized heat, the vessel is heated to about 212°F
in this particular embodiment. A pressurized stream is generated due to
desorption of CO, from the 13X sorbent material as the adsorbent bed heats to
212°F. Inresponse to operation of a back pressure regulator valve (e.g., valve

113 for vessel 111 or valve 114 for vessel 112), high pressure CO, is released



115 to approximately 110F, which is denoted as stage 3 in Figure 2. As a
result, the pressure of the cooled CO2 streamin the line 131 is

appr oxi newel29111388psi and the tenperature i s approxi mat eCy/us2@F/0297e cool ed
working fluid streamis subsequently expanded adi abatically using an
expansi on val ve 116 to about 140 psi ard -40F, which is denoted as stage 4
in Figure 2. The expansion valve 116 nay be a flow r restrictor or a needle
valve to restrict but not stop flow. This cooled stream 132 can be used as
a high quality refrigeration |load for many different applications within
refineries dronsthgiviessel faapricssurd danpdrer eoelnut 13 atzepieset atesbwe (@gd y

avail able. E exanmpl.e,, the refrigerated be directed to heat
exchanger 11800 BNERTY ety VLT G raee s the rimpradia pimetedl? ca

pl ant s. [Oompﬁ@ﬁﬁlaga%ﬁpzm ng the refrigeration operation within the
exchanger 118, the carbon dioxide of this representative enbodi ment can

have a tenperature of about 60F to 100F and a pressure of about 140psi. The
carbon di oxide working fluid 133 is then reg{%gl ed back to one of the

vessel s for [23]i n BhapissegiaehOddsspptip 6polas dethe poprgp Hasperpydeol i t e 13X
syst em has re re in reater he-pressure. | X is
determ ned ?%gé%%@lr%g’glnrﬁcaé&ﬁitl ﬁ%’%@ﬁ%r%éig ur@@aggét? &% %-ru} E%Hg %v‘(% Sa}e@gﬁ’

[ 0026] Al t er mat pregduys offthgbesled ETREItRLLY i@ theRhe C3Nishpparphiel 1380ggsorb more
working fluid nolecules fromthe adsorption bed. As shown in Figure 3, and

for purposesnéfhetempsrafuse isowppserdmatsty 10kt dbe eonledwagengflngl siwamssage 2A,
|n which a sulsrl%l gégqglge%ﬁa@%@hi‘aqaﬁgé’agf’tdskﬂgﬁdexgﬁg‘}{io&%irv%?1{;@o %30%9'111 heat the

bed to 450F essuri ze reamrs e cooled to

110F bef or e peixpangO @) whith istdensed as stagavt lid Figeep2.r haexpadbiohivaler 1anount  of
cooling nedia at stage 2. The efficiency of this alternative system based
on a 450F ha&xy begulew resigetagot hacosk ey wrregfictlagnot gon Sixwaddiscar bon

on & 450F hew brAfle oy =k rioglsinot gon Sienatbicar bon -
neat | ng’ anacRaB R o2 FEThhsflab s hE sty e bR BB EFon o cor bent

mat eri al andiffdrbntchppRSRDNO Wvidhiltedinefied @wehilheRtilipE e fotfeainufitiged kap produce
a sorption systemthat is better suited for a higher quality of heat.

[ 0027] For pufisadibsavtilablel etbnpmpliy, searediigmated 61 cpadwedirested the hgatshel | in

exchanger 118 to chill process streams within refineries and chemical plants.

[0024] After performing the refrigeration operation within the exchanger
118, the carbon dioxide of this representative embodiment can have a
temperature of about 60°F to 100°F and a pressure of about 140psi. The carbon
dioxide working fluid 133 is then recycled back to one of the vessels for use in a

subsequent adsorption mode.

[0025] The COy/zeolite 13X system has a pressure index of greater than 3.5.
The pressure index is determined in accordance with the procedure set forth

below.

[0026] Alternatively, higher temperature heat can be applied to desorb more
working fluid molecules from the adsorption bed. As shown in Figure 3, and for

purposes of illustration and not limitation, stage 2 is now stage 2A, in which a



tube-type configuration with adsorbents in the tube. The vessel can have an
i nner dianmeter of about 5 ft and contains tubes having a | ength of about 20
ft. O herweuntiabhm7vessel s can be used. Furthernore, exeharuses 10297¢r t han
shel | -i ntube heat exchanges can be sel%gted based on ordinary skill in the
art. [0028] This exanple is provided for’illustrative purposes; other
sorbent materials and fluids can be used in the place of, or in addition
to, zeolite 13X and CO2. Additional details of simlar adsorption syst ens
are disclosed in U 'S, Patent Application No. 12/603,243 entitled, "System
Usi ng Unut i highet tdseperatiisr urGtiizedigeat naliros isRoe to I@angredteddn A50%hi ch i s

i ncor por at ed r ef ce inits entirety herein. .[0 I.Ln .accordance with
one aspect 8?%%ﬂé%&?é§2 fh%ﬁ%F$%%? gﬁmnhﬁtﬁ%ﬁSP%Fﬁ%ﬁ?ﬁggﬁgﬁ?For gener ati ng
power and Clakﬂ)eldsﬂﬂ I8 tlﬁHr@fékéanqH réfdiﬂrea@m&phﬂgﬁa ANSIR ¥ boQldsdasdiaaf i r st
vessel containing a sorbent material in flui'd comunication with a working
fluid and opeegafi vﬂhq/efﬁonnesco%ﬁmaitemaﬁlefatsymmr’o@aedm y 20 heaf wauiceof  wor ki ng
fluid at a su ercri t at e r.in flu ation with the
feod ot vor BTG 4 titsian obpufe  FX AR PR LioTs. ity SREREGHET ey “and
feed of wor lﬁiﬂtheﬁtla@Ilﬁeqﬁr@mlgﬁerllwbfﬁ@a&ﬁqg@hhxom{gdqmﬁsaﬁldéﬁs@dc@ and an
evaporator in fluid comunication with theé feed of working fluid in the at

| east parti hbeV@oﬂldéms@@btsltna?tféomﬁnymeledabmd fluid paseddoren higber lofeluncondensed
working fluid. In one heat sou nut.i | i zed heat
sour ceor s PPUAES PG nGSRA oo AR a8 ats PeurelSBrd o a

chem cal prggg@gq@guybfggﬁrochenlcal refining operation. [0030] The system
can al so include a second vessel containing sorbent material in fluid
comuni cation with the working fluid and operatlvely connected to a heat

t d feed. of king f d tjcal state.
Each of thol P JEESHpastaot e bR rasletcRsde S BiiBue and
desor pti on meag p¥BSERIuRatidh WilE A SRINRY inQRe AMEE THhES eWRI KinthvElaHi d 1S

rel eased fromthe sorbent material in response to the heat source, and
wher ei n i n tier domptérod ahoee, ftiahé comtaios gpeh Ihavmglasie@h béabdy 20He sor bent

mat eri al , ein en th S i S oper int arption
Tode, | the sSEBdUUHIEaR G apbP ety Fnerme hERTpRR i o SREShher o n
when the fikxgde Hé;ﬁﬁé)&!haﬁ%%s‘éﬁ@b@%élwed Bas*eb%ndﬁ&%@tékﬂﬂuma@ﬁrt the second
vessel is operating in the adsorption node.

[0028] This example is provided for illustrative purposes; other sorbent
materials and fluids can be used in the place of, or in addition to, zeolite 13X and
CO,. Additional details of similar adsorption systems are disclosed in U.S.
Patent Application No. 12/603,243 entitled, “System Using Unutilized Heat for
Cooling and/or Power Generation,” which is incorporated by reference in its

entirety herein.

[0029] In accordance with one aspect of the present application, an
adsorption system for generating power and chilling is provided. The adsorption
system includes a first vessel containing a sorbent material in fluid
communication with a working fluid and operatively connected to a heat source
to yield a feed of working fluid at a supercritical state, a generator in fluid

communication with the feed of working fluid at supercritical state to yield



[ 0031] For the purpose of illustration and not limtation, an adsorption
system 400 in accordance with one aspect of the present application is

il lustratwo2on/Apare 4. The adsorption syst em 400 i ncl mdeaisaoffiioest2 vessel
411, a second vessel 412, a generator 3, and an evaporator 414 for which
cooling is desired. The first and secoh “vessel 411 and 412 can be a

shell -in-tube type configuration with the sorbent material in the tubes.
For exanple, the first and second vessels can have an inner dianeter of
about 5 feet and contain tubes having a | ength of about 20 feet. O her
vessel si zepoareawbniedef awrkiog Heidval dn atileast partisléy gmlpasedfstatthemgraas ent

application. Further t he p sent. .a ation is not.|]j dto

ol ST ¢ Be Pt bt g arg R RE it BR e Ba EkirR TR in B BRY Can be
sel ected bagpgdiafy caﬁ@kn@@d Maekd leld shlnt}% AAdta RBJ 0Pl onAATEd YoRking0 be wel |
wi thin the scope” of e present application including but not IlNmted to

t he use of dlor eﬁmtom@nﬂaodgnwctﬁla theat sad@@nmmmsutﬂandl hpag|sbuige for blagam.

d bent 0032 ti heat st. th h the fi t
oo a1: FoRermSHC il AE el i T e RS g 0E { e ough t he

wal | s of thgelrbdiRnfiONttilthfepdhgost reaminto the first vessel 411. An
unutilized heat stream 432 passes through the second vessel 412. Unutilized

heat contained in the stream 432 passes through the walls of the line
cont ai ni ng minto the second vessel, 412. The. unuti ed heat
ctreanm 431 10FY 455 PR AT GRRRSEE \FtR ePPSstestertour ce. or
separat e unyldidriA dfiiRBlonSAMKIERRON vHh ﬁ{eﬂ%ﬂkv@ fYui@ %n@@ﬁé&h@él?' ly, vessels
411 and 412 can al so be adapted to receive feed of cooling nmedia to

regener at e chencstisige béwhssonogsdedidlhensesomd f{:@b@ﬁ%&}f@rkm Nadassenbly 441 is

i nt erposed between the fi 411 .and .t he erator 413. In this
ebod mant , SEREC Ml Sies danb ) BATS (e RO S Se DR Bhs & SintioBegul at or
whi ch perm Trr?ode*&%d%egéﬁtﬁﬁoﬁ kididd, WRerBCiARE: ddseptioRgndde Bt weersguddl at a
predeternined or pre-set pressure. The predeterm ned or pre-sét pressure

can range, ﬁ&)lrele@,xesdﬁyble the¢ s@hﬂabmterlﬂomrqspogﬁetto thablanat s@QOO apd mdieramhi ch i s
dependent upop. the anou f sorbent .materjal, containe e vessel and
o t emper afLPE SOt ERE hirua T ot el S EphShey ResBEBRtmbrIL aacontl y 442

i s interposegheReh Weeh tﬁé‘ﬁrsﬁ@@s@a% Mﬁé‘rﬁﬁ’ﬂ% thliBe afgd t'ftﬁl Geadetiad Qodd3. Like the
first valve assembly 441, the second valve assenbly 442 functions as a back

pressure reqa%atﬁﬂmemhnghlﬁ@ﬂh$@$ﬁomeKWoﬂkdn@mﬁmandkmnh@ﬁeﬁye%@hﬁ vessel to
escape fron1the .Seco vVess set. press 0034 In

e on. TohdGie SDS dESERRon 1ofe T, RO A R R e e m feed of

wor Ki ng fIwagS dod @eds 0 the first vessel at pressure -100 psia and
tenperature -100 F. A control valve 451 controls the flow of working fluid
to the first vessel 411. Simlarly, the second vessel 412 is in fluid

conmmuni cati on . . o .
[0031] For the purpose of illustration and not limitation, an adsorption

system 400 in accordance with one aspect of the present application is illustrated
in Figure 4. The adsorption system 400 includes a first vessel 411, a second
vessel 412, a generator 413, and an evaporator 414 for which cooling is desired.
The first and second vessel 411 and 412 can be a shell-in-tube type configuration
with the sorbent material in the tubes. For example, the first and second vessels
can have an inner diameter of about 5 feet and contain tubes having a length of
about 20 feet. Other vessel sizes are considered to be well within the scope of
the present application. Furthermore, the present application is not limited to
shell-in-tube heat exchangers, other exchangers and other vessels can be selected

based on ordinary skill in the art and are considered to be well within the scope



- 12 - with a feed of working fluid 421 fed to the second vessel at
pressure 100 psia and tenperature 100 F. A control valve 452 controls the
fl ow of fwoi2dittia9t8ne second vessel 412. When t he wor ki ngcCriusea 1429712 s f ed
to the first vessel 411, the working fHﬁid i s adsorbed onto a sorbent
material contained in the first vessel "411. Simlarly, when the working
fluid is fed to the second vessel 412, the working fluid is adsorbed onto
the sorbent material contained in the second vessel 412. [0035]1n one
enbodi nent, the first and second vessels 411 and 412 operate in tandem The
wor ki ng f | uioflthexedenbapplication tkkiding it npekmeted g thewsent sdrbentdeds 451 is
open. The val ve 451 repni ns en unti | u libriumis established within
the first vééEgP“%ngnga &éﬁgﬁwﬂPwﬁﬂ*ﬁB§§”@§H&|ast for several seconds
(e.g., -10 seconds) to several mnutes. The duration of the adsorption node
vari es based upon the adsorbent material and fluid selected. The unutilized
heat stream[g32] pasagantiiiRddRat fiahl 49t pakessRloud thesfustvdsiats1the sorbent

material and the working fluid are heated, which results in the desorption
of the wor kithytitiped lapat eonininpe isBespam dad @pssas thrapghsthp alle g6 &g lige pressure
of the workin . Ui nt ai. i h i[5t Me . 4 e t pre-set
pressure isC?@%%ﬁéﬁge§%%5§8$§gﬁﬁﬁ?f&%ﬁ&fgﬁre1%§§§5”¥%§%¥§ﬁ§“Pﬁ?§t vesse

411 vi a t hepyaky thrasgehbkycohd VesdeD4 V1. el gutdided datfontdidd inghd dttbagh at a
super-critical state 422 at pressure -1600 psia and tenperature -255 F.

[ 0036] The f é8d passeswdvighghe mallg oftheding poatasting theatreamant theseqogdysed to run
to the generglgryblinta, GERSLANE, BOUSK: 4N OLHRLELANLIL S helighilo @
turbine, a tur oexpané%r or “any ot her SUltabl & devi et o Cr et e Shaft wor k
to be abl e gautilirdiHee: YRRRIAseparheunBOMEII heht sdusced! S0tee@imtveRdrat ed that the
generator may al so be used to drive rotating equi pment such as punps or
conpr essor s atiditipealo vassalsrid Lapd 41 pcae alse bglﬂgﬁéﬁd toAgeRive afeediof, t he device
yields a fe f Ki fluid.j t.lea rtially condensed state 423
at a pr essu‘régog%ﬁe‘g&ilé(gge&se#%a%ﬁhg?@#ﬁ%rné%%Oruzsgq E%r?—l?' I n one enbodi nent, the
feed of working fluid at supercritical - 13 - state 422 passes through the
generator to either generate electricity or performwork by driving a shaft
or other sui0(33]e nRchbhrissambln 44t ioihdapesed betweeanhafipeessself4itihmdpr esent

i nvention, the anount of power generated is 0.95 nega watts (MAN based on
60, 000 | b/ hithegzsperatRsig I8atle thip empedigesat.dhpy v e assematy $HefapdRstasdf power
gener at ed . st . d of

hor ki ng 11 urAck et PR AL B R RO PR PR e b I 3% 8P "o
evapor at or 4adkel 41 Ipstavirddetediihéd agprandt @refseed The prodaadenseor prerskt ng f 1 ui d.
The uncondensed working fluid 421 is then to be reintroduced to the first

or second v&ESEYTe CpyTaEe OB AR BABHAAPHEHIO RepbtaaboRt HPUNsiE. Vhigh an at

| east parti i ator to
goner ar o chil 19hs O ERGL theshihfy G by BLAGERERlAN AL ARFUAPHA O
sensi bl e heammdratiheofithe khindidet hieak, st@hinh ugdroad healve asyehatly #4¥8ssel s to

create chilling can be utilized. The chilling generated can be used in many
refinery prdeedesed batweerpths sprand vepsel ¢k pnd thg 2ensraes 4l debiketha fingat

exchanger t‘?zﬁf'vg%se bg%ggﬁscﬁe gécroﬁ&lt%lfvtgﬁssfeﬁfb'lﬁhi@fu%r tiﬁ@sée{s%%%ﬁ@s’su@r ocessi ng

operations. I'n suc arrangenent, e unutilize normal |y
woul d be | oséguldtsr, mdiappatrngd tietotksiggfliig ipeid @condcoaskeing eedapafiobher process
stream For exanple, chilling can be used to cool water to provide cooling
water to an!REForbYessdfdems_PIS-FtRTYSYEI | | ation tower. Chilling can be
used to recover gas nolecules froma fuel stream The chilling can al so be
used in cooling the air intake of a gas turbine generator to inprove power
out put . [0034] In operation, the first vessel 411 is in fluid communication with a

feed of working fluid 421 fed to the first vessel at pressure ~100 psia and
temperature ~100 F. A control valve 451 controls the flow of working fluid to

the first vessel 411. Similarly, the second vessel 412 is in fluid communication



[ 0038] The present application is not intended to be limted for use in
process streans in refining and petrochem cal processing applications. It

i s contempbabuadiiptsat t he heat exchanger can be used in eomsetilo™eth a
bui |l di ng cooling systemlocated in one gf the buildings |located at the
facility such that the unutilized heat !€an be used to cool one or nore of
the buildings. It is also contenplated that the system can be used in
connection with air conditioning using exhaust heat from autonobiles. - 14
- [0039]If tandem processing is desired through the second vessel, the

val ve 451 i it ofed of working duidd 1 lefed thepaswidngessdhabprghsurhd0@psipor at or 414,
the working fluid at a syre close t 00 i nd t rature -100 F,
o ted to e St Gl Kisboligh Rt orebi s e G5BT GHE Val ve 452
remai ns opeRedditivesROWid.i WWhdithb Svo?l&h%@lhi&hlﬂdis%d R the tthé vegeond] vessel 412.
As nentioned above, the adsorption node can |last for several seconds (e.g.,

- 10 seconds fhe wokanetuid isradnottesl onfthe serbeatt hatarialf conkencalds dhgpfiisbresyelde vari es
based upon t dsor ben terial apd f.lIui | ected. The unytilized heat
otream 495 HALs SUPHRodowP e bdiuaRndls Kl oI o8 eoiet Etkor bent
nateri al a”fiivotrﬁﬁg‘mﬁd(is%scﬁﬂbb'd InfdrtBe BaBEMInat¥iidl ClnfafM!ih $hd Rcbite desorption
of the working fluid fromthe sorbent material. This increases the pressure

of the workivagseF41d.d contained in the second vessel 412. Once the pre-set
pressure is reached, the working fluid is released fromthe second vessel
412 via valve assenbly 442, to yield a feed of working fluid at a

super ot | 11 cal s at o432 o e vl ki, (1 d.AGSES. AN AUN ke st em as

u
described a er ‘passing throug e eévaporator 4 WOF ki ng

fluid is reintangen! TheReorkingStuid 835 8bwé ko thDR40T dsRelthil sviemnAeralve he first
and second vessels 411 and 412 are operated in tandem such that one is

operating i A& eresorleivelyerfodacmpian oppreudiilirapilibsivapisrestabhighedrnvithidesor pt i on
rode and v G, 8 58,1915 15Sh. 4Ry 8 L ASEIENL B8 sl R0 secppd vessel s

411 and 412 oper pr ovi acon us supp g°fluid to the

gener at or 43&onH90 ktvdralanmuesyb auie anitiodfoftithy &lsafpioh éaidedries b&sewor Ki ng
fluid is selected from carbon di oxi de, nethane, ethane, propane, butane,

ammoni a and Uebi Bregidsrdeaidnrtborsinddiud selertednihy unuwtlized heastsirearidht s, or
oLt su et o T SRLRPR L R Sl BB B AR RRL 2, )
ionic |iquidisid silheg@@SWhich results in the desorption of the working fluid from the

sorbent material. This increases the pressure of the working fluid contained in

the first vessel 411. Once the pre-set pressure is reached, the working fluid is

released from the first vessel 411 via the valve assembly 441, to yield a feed of

working fluid at a super-critical state 422 at pressure ~1600 psia and temperature

~255 F.

[0036] The feed of working fluid at a supercritical state 422 is used to run to
the generator 413 to generate power. The generator is run using a turbine, a
turboexpander or any other suitable device to create shaft work to be able to run
the generator for power. It is also contemplated that the generator may also be
used to drive rotating equipment such as pumps or compressors to perform work
on a process stream. Additionally, the device yields a feed of working fluid in
an at least partially condensed state 423 at a pressure about 100 psia and

temperature -58 F. In one embodiment, the feed of working fluid at supercritical



- 15 - adsorbing polyners, carbon, and activated carbon, and conbi nati ons
t hereof In one enbodi nent the working fluid is carbon dioxide and/or the
sorbent maDepilal19isg a zeolite. I n one enbodi ment the workirag2diopadit s
carbon di oxide and the zeolite is a ze #ite X, preferably a zeolite 13X

[ 0042] The present application also provrdes an adsorption process for
generating both power and chilling. The process includes adsorbing a
working fluid onto a sorbent material, heating the sorbent material to
desorb the working fluid fromthe sorbent material at a supercritica
state, direstatadp2 prssasabioubk thef gamethtergo ditheregeacpendedcitioity bopgytarer at e power

or do shaft wor nd.to at .l east partially condepse the desorbed working
Flutd, Sand &by 0ving  Rarsf Hies SRS nelhreo Mt oeinevaPB8d 11 uf d o
yield chill iggcaptha ptaest iRfertidnomdansmdt YosdudGehérdied.is 3108 nfgacess can use
any of the features described above for the adsorption system In one

enmbodi ment , watte (M) basgd iog 60/000ilibd Cb)s flomurtaid. i Iz escbonesamplated thag e of a
refining operation. and chenm cal processi operation. For exanple, the
unut i1 zed RERENEalpaster gencaEd el iy Pl o aB Gy S GiRoteaBa3) 11 i s of
note that the adsorption system and process descri bed herein do not require
the use of a punp or additional conponents to facilitate novenent of the

wor ki ng f | uigh37ipr oupie fcbe of wotigng hROA%hIa0 laccirdancendehdedishes prrsent
invention, it has been discovered that the generation of power and chilling
si mul t aneousd fpdita am eyanosater 4] 4cloanovida ghidlensnand cteed g Bnesmdogssde heat

avail able in refineri co I Q tih n ti of .chill] r._power
Aone. 1t i QLI SFoE SRR QbR RREAE AP s e g

generati on g MGt ¥estendeatelWlh bh Bxémplanesibaiithepethe wha%fmad inlnant s (e. g.
inadistillation colum, chilling can be used to | ower the overhead
t enper at ur e at lsastipgrtilly condensgh piate HRds pewessed diropgh s evrPOBYiNp feed to the

diisti11at o CaluTREPBLLSEY w Rl ALEAERLLADABly LEFRISL R HShe heat back

into refin§?y rocésses 1 nproves cirency of the
i ndi vi dual  of thk6yorkHOfEig Saltddgh bhef aditabld Yesads @ bk ehill@gdugint@ the need to

consune additional fuel. This may result in a reduction of carbon dioxide
eni ssi ons. utilized. The chilling generated can be used in many refinery processes. For

example, the chilling can be used in a heat exchanger to cool a process stream

for refining or petrochemical processing operations. In such an arrangement, the

unutilized heat, which normally would be lost, is recaptured and used to perform

cooling of another process stream. For example, chilling can be used to cool

water to provide cooling water to an overhead condenser in a distillation tower.

Chilling can be used to recover gas molecules from a fuel stream. The chilling

can also be used in cooling the air intake of a gas turbine generator to improve

power output.

[0038] The present application is not intended to be limited for use in
process streams in refining and petrochemical processing applications. It is
contemplated that the heat exchanger can be used in connection with a building
cooling system located in one of the buildings located at the facility such that the
unutilized heat can be used to cool one or more of the buildings. It is also
contemplated that the system can be used in connection with air conditioning

using exhaust heat from automobiles.



[ 0045] The tabl e bel ow conpares generation of power and chilling together
with power or chilling alone. The exanples are based on the use of a CO2-
Zeol ite M@ 200mbpT8at i on. The adsor ber/desorber bed is aPrshaliskoianed7izibe
design with sorbent material packed ingﬁde the tube. This conparison is
based on sane anmount of gas flow 60,000"Tb/hr CO2. The equi pnent size of
adsor ber/ desorber beds is related with thermal swing tinme of the process.
Each adsorber/desorber vessel may have an inner dianmeter of about 5 ft and
contains tubes having a length of about 20 ft. The process schene
illustrated in Figure 1 can be used for the chilling only case. To generate
both power and chilling, the process schene illustrated in Figure 4 can be
utilized. TE0WOher alfdansismeproesssing is Aesifsd dlarengh dietseprnd wssdlhe dplveo Figure 4

W hout e SRRl PG BEBhs T ot B B L o ey

(P fluid at a pressure close to 100 psia and temperature ~100 F, is fed to the second
vessel through open control valve 452. The valve 452 remains open until
equilibrium is established within the second vessel 412. As mentioned above,
the adsorption mode can last for several seconds (e.g., ~10 seconds) to several
minutes. The duration of the adsorption mode varies based upon the adsorbent
material and fluid selected. The unutilized heat stream 432 passes through the
second vessel 412 such that the sorbent material and the working fluid are
heated, which results in the desorption of the working fluid from the sorbent
material. This increases the pressure of the working fluid contained in the
second vessel 412. Once the pre-set pressure is reached, the working fluid is
released from the second vessel 412 via valve assembly 442, to yield a feed of
working fluid at a supercritical state 422. The working fluid passes through the
system, as described above. After passing through the evaporator 414, the

working fluid is returned to the first vessel 411.

[0040] In this manner, the first and second vessels 411 and 412 are operated
in tandem such that one is operating in an adsorption mode when the other is
operating in a desorption mode and vice versa. With such an arrangement, the
first and second vessels 411 and 412 operate to provide a continuous supply of

working fluid to the generator 413.

[0041] In one embodiment of this application, the working fluid is selected
from carbon dioxide, methane, ethane, propane, butane, ammonia and
chlorofluorocarbons (e.g., Freon™), other refrigerants, or other suitable fluids.
The sorbent material is selected from zeolites, metal organic frameworks

(MOFs), zeolitic imidazolate frameworks (ZIFs), ionic liquids, silicagel,



Chilling Only 6.45 1.38 0 21.4 1600 100 112 -58 Power Only 6. 45
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adsorbing polymers, carbon, and activated carbon, and combinations thereof. In
one embodiment the working fluid is carbon dioxide and/or the sorbent material
is a zeolite. In one embodiment the working fluid is carbon dioxide and the

zeolite is a zeolite X, preferably a zeolite 13X.

[0042] The present application also provides an adsorption process for
generating both power and chilling. The process includes adsorbing a working
fluid onto a sorbent material, heating the sorbent material to desorb the working
fluid from the sorbent material at a supercritical state, directing the desorbed
fluid to drive a generator to generate power or do shaft work and to at least
partially condense the desorbed working fluid, and evaporating the at least
partially condensed desorbed fluid to yield chilling and a feed of uncondensed
working fluid. The process can use any of the features described above for the
adsorption system. In one embodiment, the heating is provided by unutilized
heat from one of a refining operation and chemical processing operation. For

example, the unutilized heat can be at a temperature of 450 F or lower

[0043] It is of note that the adsorption system and process described herein
do not require the use of a pump or additional components to facilitate

movement of the working fluid through the system.

[0044] In accordance with the present invention, it has been discovered that
the generation of power and chilling simultaneously is a more efficient and
economical use of waste heat available in refineries compared to the generation
of chilling or power alone. It is desirable to simultaneously integrate power and
chilling generation using waste heat within refinery and petro-chemical plants
(e.g. in a distillation column, chilling can be used to lower the overhead
temperature to improve throughput and power can be used to pump feed to the
distillation column reboiler). The integration of recovered waste heat back in to

refinery and petrochemical processes improves the efficiency of the individual



0.0 0.95 14.7 1600 100 255 -58 Chilling + Power 6.45 0.73
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process and the facility as a whole reducing the need to consume additional fuel.

This may result in a reduction of carbon dioxide emissions.

[0045] The table below compares generation of power and chilling together
with power or chilling alone. The examples are based on the use of a CO,-
Zeolite 13X combination. The adsorber/desorber bed is a shell and tube design
with sorbent material packed inside the tube. This comparison is based on same
amount of gas flow 60,000 Ib/hr CO2. The equipment size of adsorber/desorber
beds is related with thermal swing time of the process. Each adsorber/desorber
vessel may have an inner diameter of about 5 ft and contains tubes having a
length of about 20 ft. The process scheme illustrated in Figure 1 can be used for
the chilling only case. To generate both power and chilling, the process scheme
illustrated in Figure 4 can be utilized. To generate power only, the process

scheme is similar to Figure 4 without the evaporator.

Waste | Chilling | Power | Efficiency | Inlet Outlet Inlet Outlet
Heat MW¢ MWy % Pressure | Pressure | Temp | Temp.
MWy (psia) (psia) ) )
Chilling 6.45 1.38 0 21.4 1600 100 112 -58
Only
Power 6.45 0.0 0.95 14.7 1600 100 255 -58
Only
Chilling 6.45 0.73 0.95 26.0 1600 100 255 -58
+ Power

[0046] In accordance with another aspect of the present application, an
absorption system for generating power and chilling is provided. The absorption
system includes an absorber to absorb a working fluid in a liquid sorbent, a
pump in fluid communication with the absorber to yield a feed of pressurized
liquid sorbent and absorbed working fluid, a heat source to heat the feed of
pressurized liquid sorbent and absorbed working fluid to yield a feed of working

fluid at a supercritical state, a generator in fluid communication with the feed of



0.95 26.0 1600 100 255 -58 [0046]In accordance wi th another aspect of the
present application, an absorption systemfor generating power and chilling
i s provi owo.2ofiambsor pti on system i ncl udes an absor ber PCo/ushb&ld0R9732 wor ki ng
fluid in a liquid sorbent, a punp in figid conmmruni cation with the absorber
to yield a feed of pressurized |iquid sorbent and absorbed working fluid, a
heat source to heat the feed of pressurized |iquid sorbent and absorbed
working fluid to yield a feed of working fluid at a supercritical state, a
generator in fluid communication with the feed of - 17 -

working fluid at a supercritical state to yield power and a feed of working fluid

in an at least partially condensed state, and an evaporator in fluid communication
with the feed of working fluid in the at least partially condensed state to yield

chilling and uncondensed working fluid.

[0047] For the purpose of illustration and not limitation, an absorption
system 500 in accordance with one aspect of the present application is illustrated
in Figure 5. The absorption system 500 includes an absorber 511, a pump 512, a
vapor generator 513, a generator 514, an evaporator 515, a cooler 516 and a

cooler 517.

[0048] In operation, the absorber 511 is in fluid communication with a
working fluid 521 fed to the absorber at a first pressure (~560 psia) and a first
temperature (~100 F) and a liquid sorbent 522. In the absorber 511, the working
fluid 521 is absorbed in the liquid sorbent 522 to yield a liquid sorbent with an
absorbed working fluid 523. The absorber 511 can be an absorption column or
any other suitable vessel. During absorption there is heat generated in the
absorber that can be removed from the absorber using cooling water, or any
other suitable means, to maintain the absorber at a temperature favorable for

absorbing the working fluid.

[0049] The pump 512 pumps the liquid sorbent with an absorbed fluid 523
from the absorber to a higher pressure to yield a feed of pressurized liquid
sorbent and absorbed working fluid 524. The pressurized liquid sorbent and
absorbed working fluid 524 is at a higher pressure (~1400 psia) and a second
temperature (~104 F), generally greater than (100 F). The present invention is
not intended to be limited to the specified pressures and temperatures; rather,

other temperatures and pressures are considered to be well within the scope of



working fluid at a supercritical state to yield power and a feed of working
fluid in an at |least partially condensed state, and an evaporator in fluid
comuni cawpanimip1s7t he feed of working fluid in the at IPeadaiS2@anes7at |y

condensed state to yield chilling and condensed working fluid. [0047] For
t he purpose of illustration and not |inffation, an absorption system 500 in
accordance with one aspect of the present application is illustrated in

Figure 5. The absorption system 500 includes an absorber 511, a punp 512, a
vapor generator 513, a generator 514, an evaporator 515, a cooler 516 and a
cool er 517. the@agint mvepeerapiogtiedisheh @bwerdsencs Bad piessures frk githbdoforuni cat i on

with a working flui.d 1 fed.to the,absorber. .at a.first pressure (-560
st ) and. & R brEtst SR Bt SPet GRS San a OB PE S sor bent 522 It he
absorber 511, the working fluid 521 is absorbed in the liquid sorbent 522
to yield a liquid sorbent with an absorbed working fluid 523. The absorber

511 can be ag0s®lpsorPid RBJ ©OpteRFUrEd HNidFotRt stk ARbItR dwasERIg. I i Ng
absorption there is heat generated in the absorber that can be renpved from
t he absor beP24 5 hgtadosingwhessseyree phichrpn sitiede svancaiseeea®ans3. &%, mai ntain

t he absor ber . . rature fawvor f bsar hi r ki fluid.
001 The. mandliiyhETRSLAN nl HRE SRt s8N MMl Ah B L5100 o

the absor belthrb@glatﬂei\gb@ﬂi@émfoedm@gu'g@m voorkBedlad fiphessliguzed | i quid
sorbent and absorbed working fluid 524. The pressurized |iquid sorbent and

absor bed wogRsaibertt [t yiglds feed 9f storlgingflyidat prupsrctitieal(stata 625 pad B and a
second tenperat.u - ). al | er -(1.00 . present
i nventi onn}jzlqlﬁlo srol?bnet(né%%éa)" li%h %:tgﬁorr%l t %00191{ngﬁlheefmieggég}1%1@30@&&?}?182 and

t enper at ur egstuinti i@ the DEH®Er § ENPEiAEJdIER S 181en BE @S AbidRDnBHENiEANSI dered to be
well within the scope of - 18 - the present invention provided such

t enper at ur esvidivibie prragnerstoead sun ablde cpeking watepr €8s facr péavorkigei d sor bent
and absor be@u‘{&)&‘%‘ Jﬁgeﬁiﬁ:@g-ui& 029k TRCnE 98 SorenBafiR S5 €5 sLd A FhnSOr Pent

and absor bed "worKin
cooler 517 to reduce the temperature from ~275 F to ~ 60F. The pressure

remains at ~1400 psia. Other temperatures and pressures are considered to be
well within the scope of the present invention. The unutilized heat stream or

source 531 can be operatively connected to the vapor generator 513 such that
unutilized heat from the unutilized heat source can be transferred to the liquid

sorbent with an absorbed fluid contained within the vapor generator.

[0051] The feed of working fluid at a supercritical state 525 is used to run to
a generator 514 to generate power. The generator can be a turbine, a
turboexpander or any other suitable device to generate power or work. A
working fluid is selected such that the generator yields a feed of working fluid in
an at least partially condensed state 526 at a pressure about ~560 psia and a
temperature ~43 F less than 100 F. The present invention is not intended to be
limited to the pressures and temperatures stated herein; rather, other
temperatures and pressures are considered to be well within the scope of the
present invention provided such temperatures and pressures yield the partially

condensed state 526. In one embodiment, the feed of working fluid at



524 is heated using a heat source which can include a vapor generator 513,
e.g., arectification colum or any other suitable vessel. The heat source
531 can pae=otineIsgh t he vapor generator, to di sengage wrh@/useoikiorgy1f| ui d
fromthe liquid absorbent to yield a f?gd of working fluid at a
supercritical state 525 and the |iquid sorbent 527, which is fed to a
cooler 516 before the liquid sorbent 522 is returned to the absorber 511.
The cool er 516 can be in fluid comrunication with the vapor generator and
can include cooling water. The feed of working fluid at a supercritical
state 525 f saparctiecal stptsrS2gemaeseattimougi ghei gonprates dol cithar@egerate moairer 517 to
reduce the tenperature from-275.F tq - 60F. Th ressyr.e remains at -1400
boi a. - her PEORBMaT PedriSy shat o et Pl el BRI U ni n the
scope of thg pfiR$eNhe bo¥BNEdRMted B/ wbpiiécz@tih@?@\tvms ERMNr&incpPUiLce 531
can be operatively connected to the vapor generator 3 such that
unutilized lbeér sbpplyingrethindpeityi Zdd ameant efqeves gereratsd bythesistam gd to t he

| i qui d sorbent @Ath a&wﬁbsorbqg fl¥jd contai%ed wi t hin %he vqﬂgr gener at or.
[0051] The f @8 &NRSY I g PRISERI™ St tLN JoBeYEY PRYEAIPol B dFSE3E0h e ysed to run
to a generak@fterd hiid R GRRVIPIRI RS FENSxMFNE RS Hst&R MR eRelatt Dime, 2

t ur boexpander or any other suitable device to generate power or work.

wor ki ng f | ukdoivetts éK&Ex eposver hasddam 47H@00glbhemaixore 9f €0dgndafmebd of wor ki ng
fluid in an _at | east iall ondensed .state 526 a pr.essyre about -560
bsi - and a POTRETSTUPE LRs s PebE RTS8 B SnpetePla B RSt gttt B ts not

i ntended t 0 cBRrehiptBtdEMat Be kPR BHSRAERAolRIREERLW &SISK M Bsbeher ei n;
rather, other tenperatures and préssures are considered to be well within

t he scope ofupomthepystsendesigmeandtatioa congiwainted such tenperatures and pressures
yield the partially condensed state 526. In one enbodi nent, the feed of
working fluid at - 19 - supercritical state 525 passes through the
generator t it her—gener,at e r rfaor r I ViNg: aft or

ot her sui tag?(gslz chgnl \gﬁfkn{l% ﬂﬁ@p\qﬁgﬁémeg% pé‘?tlaarﬁ y\rl%ln ?%I{ejs Si/gtak%%%%(%\?\(eecft%gener at ed

can be supphhedapatbhel PWEEIdTilHnE akid idondessed wagkidp flad SSURMbefedg a third
party. The ampunt of power generated bg the systemin accordance wth the
&

present i nvénthieasemgt Ydr yIlivseyanomgps s 1b wan ge 81 Guidepmmeieaivnawiftathg t he

sel ected co ts, For ex I e, m - erate - ilo watts
(KW of pomgggﬁgge 1o%gﬂ%§6%@&ﬁy?ﬁ£?$§%§$§68?9 ?Qﬁ%@ﬁﬁvr%%ggtate (stream
525). The nphalalloebsdMsedithR526fis prgbssad eiratigh aMevaPoraitd 53%oto lgbndrbte

contenpl ated that the system may generate anounts in excess of 32 KW based
upon the syshélinglespyng diedatgnhiegat ebrporigatinnsof theempima dluibekherghf | uid in an
at | east parfially.con d te. 26 is fed. t or at 515 to yield
chi 111 ng andsheukuEnLERIREr uRhg h fittedsdn Fig Mo PR Shegl per sy
The evapor ateh b&d&ediamd refindrl PrebesRENUDE &ainke the tilliddecaabeaksbem 511. In
an exenpl ary enbodi nent the working fluid in an at |east partially
condensed sBdrat &eBangsT gy ¢ob § PEereshytnaghioarefenapor pettnchemsat o gener at e

chilling by using th tent heat_of vaporization..of king fluid,

' though ot REReStnd OraRbBLan e b BPRENS e Py Reed N i e, “The

chilling gemnefmilBbweald HegostsiededaPritedynd @fetinG by fOmoEaSHRf ahbtheexanpl e, the

chilling can be used in_a heat exchanger to cool a process streamfor

refining or PperpoEieem datillpeseadsivaed Groohviishie pronidsirorliag Warkr dhgenent ,

the unutilized heal, ?(%Heﬁ{%ﬁﬁ‘ﬁ)ﬁ ﬁﬁhhé’,ﬁ%&&&r.b%}lh@ﬁé Fqn' Asd GEARYLYLed and used
g or anot nher m I ng can

to perform coolin process strea n e used to coo
water to presdoster €Raehdloehvefréh a fckdireaerirathiltiandaensies be s« idi stillation
tower. Chilling can also be used to recover gas nol ecules froma fuel
stream The ceoling thagirdatake pEs gireturhiee generatoblol iIRRreveePaTa ouiihke of a gas
turbine generator to inprove power output. [0053]1n accordance w th anot her
aspect of the present application, an absorption systemfor generating
power is preo0sdgd. IRawesrdascceniehadtRel d4pENGf Bt fre@asafpiragopansi on and

i quid phase expansion. The absorption system , ,
absorption system for generating power is provided. Power is generated using

both gas phase expansion and liquid phase expansion. The absorption system



- 20 - includes an absorber to absorb a working fluid in a liquid sorbent,
a punp in fluid communication with the absorber to yield a feed of
pressuri 2&0 2bilgupm7sor bent and absorbed working fluid, &Chastoizoen7ee to
heat the feed of pressurized |iquid sog&ent and absorbed working fluid to
yield a feed of working fluid at a supércritical state, at |east one

generator. [0054] For the purpose of illustration and not limtation, an
absorption system 600 in accordance with one aspect of the present
application is illustrated in Figure 6. The absorption system 600 i ncl udes

an absor ber i81udesanphspb&1d absorb apwerkgerfiridima 1igad, sogenaragtuonsing14 and 615,
a cooler 616 and a cooler 617. 055]1n opgration,. the absarber 611 is in
11 commun Bt BROTIcERo 6 b Fgomet o BE e of B NETRD COPBer at a f11st
pressure (- GOPRAI MM BESkHAd Hotighg tRMP aMhiodrdetd Zéatfthe fid o pldsaiutiAddsor bent
622. In the absorber 611, the working fluid 621 is absorbed in the liquid

sorbent 622 liguidysochedt and dlepoitdsorrsmgtflwidl tyighl afssd obewrkiog Kukbatfa ui d 623.
The absor ber 611.caa‘ﬂ be an absorpti on colum or any other suitable vessel.
During absofPRGGH! 8?§=W96%58PG§EH%?8¥ed in the absorber that can be
removed fromthe absorber using cooling water, or any other suitable neans,
to maintain the absorber at a tenperature favorable for absorbing the

wor ki ng f | uijghs4]j 00516}&13@3@@6& SiAufkiidg dnbigol lititatdos @h®RspHbA h an absor bed
fluid 623 fromthe absorber to a higher pressure to yield a feed of

pressuri zed sYitefuio§0 4o perondange ovidipsisraspest @b i piesent anpdicazen is THestigiedssur i zed
li quid bent.. and ' j 4 ] i ah
(1500 pei af EisiEe S TRCHBRHRLIAAh WhlyBéi Bl sTLARmPEERAID | o

not intendedapd deBedatdhicl @ dodnerdidie 63pasd bl B oksBUb@Ad aRdoleeGPEr at ures;
rather, other tenperatures and pressures are considered to be well within
the scope of the present invention provided such -21 -

[0055] In operation, the absorber 611 is in fluid communication with a
working fluid 621 fed to the absorber at a first pressure (~600psia) and a first
temperature (~127 F) and a liquid sorbent 622. In the absorber 611, the working
fluid 621 is absorbed in the liquid sorbent 622 to yield a liquid sorbent with an
absorbed working fluid 623. The absorber 611 can be an absorption column or
any other suitable vessel. During absorption there is heat generated in the
absorber that can be removed from the absorber using cooling water, or any
other suitable means, to maintain the absorber at a temperature favorable for

absorbing the working fluid.

[0056] The pump 612 pumps the liquid sorbent with an absorbed fluid 623
from the absorber to a higher pressure to yield a feed of pressurized liquid
sorbent and absorbed working fluid 624. The pressurized liquid sorbent and
absorbed working fluid 624 is at a higher pressure (~1200 psia) and a second
temperature (~102 F). The present invention is not intended to be limited to the
specified pressures and temperatures; rather, other temperatures and pressures

are considered to be well within the scope of the present invention provided such



tenperatures and pressures are suitable for the pressurized |iquid sorbent
and absorbed working fluid. [0057] The feed of pressurized |iquid sorbent
and absorweadowsniisng fluid 624 is heated using a heat s®aras2ethiogdTizan

i nclude a vapor generator 613, e.g., a Lectification col um or any ot her
suitabl e vessel . The heat source 631 ta “pass through the vapor generator,
to disengage the working fluid fromthe liquid absorbent to yield a feed of
working fluid at a supercritical state 625 and the |iquid sorbent 627,
which is fed to a cooler 616 and then to a generator 615 before the liquid
sor bent 622 témgparaturasped presstke alsadale forghe prefhwiagd dignat sorbedt 8Bnd s sui t abl e
for use in |jqujd phase gxpansion to generate. The generator 615 nmay be a
tw n screM/ébgghﬁE&P&ﬁﬁiﬁB her power generating assenblies are considered
to be well within the scope of the present invention. The cool er 616 can be
in fluid communi cation with the vapor generator 613 and can include cooling
water. The fegsf]of V& kkdof blewiidizad liquitlbpeiceat hid SRbrigdai@kgiie at a
pressure (-1200 pstg%*and a tenperature (-450 F). Ot her tenperatures and
pressures apé4doirafadarsit & beaysoutes Whightaananglude & E9s generplioe O bi.esent

i nvention. ] h S 0 QF . SOUI,C can P ively
connect ed- 1 & LT bbR POGRALT Iy PUE SRl PRGE TR b RIE IR B e
unutilized hgabglsornagoc@hehor fadiséphiethetworkiig fliidioth §eNkent with an
absorbed fluid contained within the vapor generator. [0058] The feed of
wor ki ng f | uiabiscabery te pighd & faedjof aorking dwidats supeigsiigalistate 0A5 ped thegener at or

614 t o geneqal e ROUEF ) TG, OPNSLAL0L SY4: £AN By LUT BlNG,, A Lur boexpander

or any ot her “sui device 1o generate power of Wor ing fluid is

sel ected suebfordie lifual GRBETtBRONSs ¥hehéelbtoaht eebriadr 61T Kiha@ehdrdiod 6626 at a
pressure about -600 psia and a tenperature -398 F. The present invention is

not i nt endeds fustable fof wietiadiquis plee pxnassion éa senvdate e ipe LERUMEE 05 BXAEd her ei n;
ther, other ter t id wel | withi
e oot DB Al D RO LR B0y PLARPHRS AL RS IREAE 2 BRI

the scope of "the pres rnventl urd 626 is

fed to a coed BE wlll fvithif ehel ROPE 8Lkt PRREIitah VrRionO M REolkl Bl @chide far om t he
cooler 617 is then fed back to the absorber 611. [0060] Wil e descri bed,

solely for thed erausicaiemvehitenapor Baregetpy 6] handeandaeltigseoddinga refi ni ng
and. pet CheI el aRer Al Al NG B3 S0 ARRA S3K103 L 8 [hyyg orded to_be

limted there 'S con or exa exchanger

can be used(L12009308ahd afebdrhtuge EUISDE)NOIERU PG atyStRDPresaicedrd N one of
the buildings located at the facility such that the unutilized heat can be
used to coologmidered tos welbwithiethssPorti ¢fghe present invention. The unutilized

heat stream or source 631 can be operatively connected to the vapor generator
613 such that unutilized heat from the unutilized heat source can be transferred

to the liquid sorbent with an absorbed fluid contained within the vapor generator.

[0058] The feed of working fluid at a supercritical state 625 is used to run to
a generator 614 to generate power. The generator 614 can be a turbine, a
turboexpander or any other suitable device to generate power or work. A
working fluid is selected such that the generator yields a feed of working fluid
626 at a pressure about ~600 psia and a temperature ~398 F. The present
invention is not intended to be limited to the pressures and temperatures stated
herein; rather, other temperatures and pressures are considered to be well within

the scope of the present invention.



[ 0061] Thus the absorption system generates power and chilling by recovering
unutilized heat froman unutilized heat stream or source. The unutilized
heat sourwe 20armibpmw7used heat from a heat exchanger, or eChals2@noeEss area
of a chem cal processing plant or petrgghenical refining plant. [0062] The
absorption systemincludes a liquid sofbéent or a mxture of liquid sorbents
and a working fluid or a m xture of working fluids. [0063]In various

enbodi ments, various conbinations of liquid sorbents and working fluids are
considered to be within the scope of the present application. It should be
noted that a conbination that is suitable for application with a higher

t enperat ure il ed tre not b licable fqr a | ower
t enper at urel ﬁi | i P@e@ﬁlgF%]dgi‘]c?ﬁge %ﬁ)z esIS&ngﬁt inthe
absorption %&Qﬁl‘f@&oﬁ{hgﬁﬂﬁﬁaﬂq Fftﬁﬁiftheocfoo%?@%@ﬂleﬁ@d barwseR about 2
kcal / mol e and about 25 kcal/nole, or nore preferably between about 3

kcal / mol e ampbsabonftl110 kcal /mole. -23 - [0065]1n one enbodi ment of the
present application, the working fluid is a

[0060] While described, solely for the sake of convenience, largely in the
context of a refining and petrochemical operation, the present application is not
intended to be limited thereto. It is contemplated that, for example, the heat
exchanger can be used in connection with a building cooling system located in
one of the buildings located at the facility such that the unutilized heat can be

used to cool one or more of the buildings.

[0061] Thus the absorption system generates power and chilling by
recovering unutilized heat from an unutilized heat stream or source. The
unutilized heat source can be used heat from a heat exchanger, or other process

area of a chemical processing plant or petrochemical refining plant.

[0062] The absorption system includes a liquid sorbent or a mixture of

liquid sorbents and a working fluid or a mixture of working fluids.

[0063] In various embodiments, various combinations of liquid sorbents and
working fluids are considered to be within the scope of the present application.
It should be noted that a combination that is suitable for application with a
higher temperature unutilized heat stream may not be applicable for a lower

temperature unutilized heat stream.

[0064] The liquid sorbent in the absorption system has an average heat of
sorption (Q) between about 2 kcal/mole and about 25 kcal/mole, or more

preferably between about 3 kcal/mole and about 10 kcal/mole.



gas and is selected from carbon di oxi de, nethane, ethane, propane, butane,

ammoni a, chl orofl uorocarbons (e.g., FreonTm, other refrigerants, or other

sui t abl e wWoubds1197Be |i quid sorbent is selected from waPer/useathpbene

glycols, Triethylene glycol, polyethylsge gl ycol, pol yet hyl ene gl ycol

di mret hyl ether, Nmethyl-2-pyrrolidone; “di nethyl sul f oxi de, potassium

carbonate, anyl acetate, acetone, pyridine, ethyl alcohol, nethyl alcohol,

acetic acid, isobutyl acetate, acetic anhydride, ionic liquids, etc., or

ot her suitable liquids and conbi nations thereof In one enbodinent, the

wor ki ng f 1 uil@D65 calmbowe editwdirdentad dicopresane applopatidn,she erking fuid is a

N- et hyl - 2-pyrro jdon% d ionLc hi ujds. .[]0066] I n accordﬁnce w t h anot her
ggg 81?.', 10, 1(:,6

aspect of t F8° PIESARECSHAone SPd dioqds, BEhBEcrdhangeNOP At RY@Ptwer and
chilling i sapmetisledlordieorBERBERS clg AHrisles) AR BirRGramtsVef kiheg fluid into a
liquid sorbent to yield a |iquid sorbent and absorbed working fluid,
pressuri zi nguitdbée fliniglai dhe brbidrsortentissblsoreddtbmwrakdarngghyleng glytolsi ncr eased

. heating th i zed |iqyid sorbent and ab king fluid
et 2 e R e g = S R R SR A
state, dir e%étmg-ztﬁﬁr@lmle,b(ﬁﬁlew@néﬂlm}cfe! Botssiiin Qhib¥Ratd, SRNGaRMRY tO

generate power ‘and to at |east partially condense the desorbed working
fluid, and evetpas, ayiidiget ¢thylatlcahobgnethplral¢adiol acetohaahgsabutid soetbied wor ki ng

e
enbodi ment , ({h& M eRLhOBMbSJIRTAY ItBefoRIngNUdI ik t#®6n BRAkdS 4famaane of a
refining operation and chem cal processing operation. For exanple, the

unutilized hgaitd sosbeat isaNmegthgr2pyrelidsineab0roroe lijoder . - 24 - Pressure

| ndex [0067] Enbodi nents of the present application enploy a "pressure

i ndex" that can be determ ned at various desorbing tenperatures, which is
used to det i ne ita conbi nat.i ons_ of sor he terial and a working
o CThes S0%ho: pid-ERuBaEaT ARURERR R RIEPEM oBRiLEa TR he
sorption preeRess b gehs@h I{F@V&Iaﬂd cBilREListpaeYided| TREHo¥&s indTBddsm ze
pressurization of working fluid (AP) from avail abl e energy sources, which
are often, Bbtorbioe aekmEiuif yntojadiguyt spaberiéayickbyawd sprieptaid y i nt ended
to be used f . hep. specific. - . . [ 0068] The
pressure in&giﬂﬁgﬁﬁg é@%ﬁ%@aﬁ%§5¥hgﬁﬁ%ﬁﬁéﬁfHﬁﬂ%%$ﬁ%ﬁﬁ%gﬂgﬁﬁﬁﬁﬁFld (100)
grams of sofiphio inBletiedPrednR, Réaeedhd pregsutizbd tighidwessat arisisgied to be

i solated from associ ated equi pnent with existing valves on both ends of the
vessel . The weskigg|fluyd odased the aioglsing feid Gomehe serbentivateialiid@ pressure and
tenperature.. The.ve S| e d. {f i-:h a.pu luid (e.g., CO2)
e at moSPRerT I SEle, e Bes B g P A R BB Beeidtb g e
sorbent may cbgahteyRwerl Bed ¥LaS@lst patiedp tdidenad e dadorBaBwbrkine fiind, st 1

at nospheric pressure, this sorbing pressure being defined as Pl = 1.0. The
vessel is heutmating the gt keaw|paiatly cepdaspd deporleadpuerking Buidéo gield 348 K i . e.
167 F). Wen, the vessel Qr he jal re t he pre-se ed

desor bi ng « ST B ERopRR§ REAIE nURL HTholSE M MG R T LAES

det er m ne Plesclibed Rb&SSHOF hel abd@ptibs spkedrh N@dlo@sSerhb&din@ht, ehefealifig 10 Pl .

[ 0069] As noted above, enbodi ments of the present application nmake use of
provided by unutilized heat from one of a refining operation and chemical

processing operation. For example, the unutilized heat is at a temperature of

450°F or lower.



a lower tenperature of unutilized heat. In order to select a sorbent
material/fluid conbination that is preferred for use wwth |ow | evel heat
(e.qg., sowvptzoomigistens that utilize | ow grade unutili zedThsaa 02972 i s
often desirable or necessary to - 25 ascertain at least the |ow | evel
heat pressure index, as determ ned abo%@ A pressure index of at least 1.5
is generally appropriate for use in low level unutilized heat applications.
Nevert hel ess, other enbodi nents of the present application can use high

| evel heat sources. Thus in these enbodinents, it is desirable to select a
hi gh | evel heat pressure index. In such cases, conbinations of sorbent

mat eri al and working fluid can have a pressure index as low as 1.2. Sorbent
Mat eri al s [ Bmepprelndexed above, and as used in this application, the term
"sorbent material” refers to a material that reversibly binds the working
fluid. Sorbent materials include, but are not limted to, absorbents and

adsor bent s. [(5(%%' L SBORG ”@‘Gtﬁé fa%%éﬁétagﬁﬁca;ﬁ%ﬁ eﬁl%tldéﬁda?dpﬂe&u?é‘m‘é’k”em s of

t he present "app ion |nc water, glycols,
anyl acet at ehat asebodeternpiyied di igioue tibyorbiak cahedratunsst wWitlchdl aakiab, acetic
acid, isobutyl acetate, acetic anhydride, ionic liquids, etc

[ 0072] Adsor Heismpgtsertlle §01%1h51@t1€%5r10ft?e50£‘%@(9 mwr&#ﬁ%am@g&nd he present

appl icati OnT'h Uiihindtins AFes Qélall %D aqal & bdTkahn %gsggﬁt %E%Wr k- based

( MOF- based) sorbents, zeolltl ramewor K ent material s,
zeolites andlsehj’séxbherem, since they collectlvely maximize pressurization of working

fluid (AP) from available energy sources, which are often, but not necessarily,
low grade heat sources primarily intended to be used for some other specific

purpose (e.g., waste heat).

[0068] The pressure index is determined by the following method. One
hundred (100) grams of sorbent material are placed in a 1 liter vessel designed to
be isolated from associated equipment with existing valves on both ends of the
vessel. The vessel also has indicators to measure the inside pressure and
temperature. The vessel is flushed and filled with a pure fluid (e.g., CO,) at one
atmospheric pressure. The sorbent material adsorbs fluid and the sorbent may
heat up. The vessel is equilibrated at 298 K (77 °F) and 1 atmospheric pressure,
this sorbing pressure being defined as P;=1.0. The vessel is heated to a pre-
selected desorbing temperature (e.g., 348 K i.e. 167 °F). When the vessel and
sorbent material reach the pre-selected desorbing temperature, the internal vessel
pressure is measured to determine Pg. The pressure index is defined as the ratio

of Pr to P;.

[0069] As noted above, embodiments of the present application make use of
a lower temperature of unutilized heat. In order to select a sorbent material/fluid
combination that is preferred for use with low level heat (e.g., sorption systems

that utilize low grade unutilized heat), it is often desirable or necessary to



[ 0073] MOF- based sorbents include, but are not limted to, MOF-based
sorbents with a plurality of netal, netal oxide, netal cluster or netal

oxi de cl uvsDen1udisdi ng units. As disclosed in Internati ecaluskubloegned
Application No. WD 2007/111738, which hi her eby i ncorporated by reference,
the netal can be selected fromthe transition netals in the periodic table,
and beryllium Exenplary netals include zinc (Zn), cadmum (Cd), nercury
(Hg), beryllium - 26 - (Be) and copper (Cu). The netal building units can
be |inked by organic conpounds to forma porous structure, where the

or gani ¢ conpeugnids ftdeast hakowdevehbeatigiessenstindest ad ddseiinhidéchgbawei t’s can i ncl ude

1,3,5-b trib te (BTR): 1,4-b di | at DQ) ; | obut yl
T 4. bengencdi SABIRRAE e b chSRN AP PP A SEaR: B LA TDEky! ot o (FEN
BDC) ; t et r alyghi PR HRACapHli Eatishis C NeRertldIads Coth EIRIMD 6 ditneAR RE M 7pr@§e‘ﬁ@r boxyl at e

(TPDC); 2,6 napht hal ene di carboxyl ate (2,6-NDC); pyrene 2, 7-dicarboxyl ate
(PDC); bi phepplicagive aaboseyhigh @V@B{D@) soureesankhudiie theposmbedimenhtsyitngy phenyl

conmpounds. [,0074] Specjfjc terials MOF-based sorbent materials include:
VR 77 HETEPISR st R0 16k Br ot RaP R aeo o RO e gombimations

5- benzenet r ihpesrBe@tRatérial Ml work e R & BV RS frEdefe ihdexdadRiwedd Bb. having a
general fornula of Zn40(1, 4- benzenedi carboxyl ate)3; |RMOF-6, a nateri al
having a general fornula of Zn40(cycl obutyl 1, 4-benzenedi carboxyl ate);

| RMOF-3, a material having a general formula of Zn40(2-amno 1,4
benzenedi caBlankentMaterialynd | RMOF- 11, a material having a general formula
of Zn40(ter phenyl dicarboxylate)3, or Zn40(tetrahydropyrene

2, 7-di carboxylate)3; IRMOF-8, a material having a general formula of
Zn40( 2, 6 napduieql engs dbeanbowy had 89 Sedan ehiCupRitatidiithe RrikeMbeal having a
general fornula of G 8H6Cu3012 (copper benzene-1,3,5- tricarboxylate)

[ 0075] Exenplatsriat eesifers ite a npatertat draé reviesmlnbinds i pprikieg Buitk Saabati al s

i ncl ude, bu t. limte 0.2l Fr 68 F- 60 .- ZI F-95, ZIF-100
devel oped aﬁmt%{{gal{}%lc{}léi?a ‘rs@l%tfgeo%&&“l%ikefdot hallbaq’%g)tenﬁsoa? déﬁgoerﬁgnsts'and general ly

di scussed in Nature 453, 207-211 (8 May 2008), hereby incorporated by
reference in its entirety. [0076] Zeolite adsorbent materials include, but
are not |im[eeH]t o, Abdouwbeén asitériatathascdntat usad én e@podiaentsed thypiebentf or mul a

M21110 Al 203ySi G2wH20, o
application include, but are not limited to, water, glycols, amyl acetate, acetone,

pyridine, ethyl alcohol, methyl alcohol, acetic acid, isobutyl acetate, acetic

anhydride, ionic liquids, etc.

[0072] Adsorbent materials that can be used in embodiments of the present
application include, but are not limited to, metal-organic framework-based
(MOF-based) sorbents, zeolitic imidazole framework (ZIF) sorbent materials,

zeolites and carbon.

[0073] MOF-based sorbents include, but are not limited to, MOF-based
sorbents with a plurality of metal, metal oxide, metal cluster or metal oxide
cluster building units. As disclosed in International Published Application No.
WO 2007/111738, which is hereby incorporated by reference, the metal can be
selected from the transition metals in the periodic table, and beryllium.

Exemplary metals include zinc (Zn), cadmium (Cd), mercury (Hg), beryllium



-27 - where y is 2 or greater, Mis the charge bal ancing cation, such as
sodi um potassium nmagnesium and calcium N is the cation val ence, and w
repr esentwotzhg/moises of water contained in the zeoliticPeoiusgoiibzempl es of
zeolites that can be included in the n§ hods and systens of the present
application include natural and synthettYC zeolites. [0077] Natural zeolites
i nclude, but are not limted to, chabazite (CAS Registry No. 12251-32-0;
typi cal forrmula Ca2RA102) 4( Si 02) 8113H20), nordenite (CAS Registry No.
12173-98-7; typical fornmula Na8RA102) 8(Si 02) 40i 24H20), erionite (CAS

Regi stry No(BazasGopperdCu.y phe aletd] bniding uqn'@can\@: lingge@l by organic

52)4 S:R’A?.OZ)ﬁg Si 0@%7%@7H20 fa 65W§g@%g g}c 1205'[\35})211% 3,

ypi cal for Cf?ﬁ??

clinoptil ol ifgeadjfeRi REEM §ﬁ1‘ld’m£~|9mt51@a%aﬁc1§§e 1@,,5 bé&ﬁ'eﬁ@hbé&fo%' BTB);

Na6RA102) 6( Si 02) 30i . 24H20) and Eflte g pical formula: (0.5Ca, Na,
¢

K) 3[ (A102) 3(Lg- m;zsqlmyoxy[m@vwgymm biutyl 4 elobértzesedientberddate BUB ar e not
L9 L0 AR ARG SO B IR TIOR RSIORARL 27/20)
Na86[ A102) 8@(cﬁk&&)zyﬂa?%%HQggga%he@‘alldaﬁ%x\fle(té yrPsel; 2f63ﬁe[ﬁlh|t1?alene

Na56[ (A102) 56( 5i 0 zeolite L (typical formula:
K9RA102) 9( 5@0:2;@7<]yla262(22@ND@)e@1yreme Z;ﬁafélgarb(oxylptedaﬂ)(f)obmhtwl Na68TMVAL

(typi cal T of T e PP AT s e M br e Ton s

t et rapropyl amoni um .
[0074] Specific materials MOF-based sorbent materials include: MOF-177, a
material having a general formula of Zn,O(1, 3, 5-benzenetribenzoate),; MOF-5,
also known as IRMOF-I, a material having a general formula of Zn,0(1,4-
benzenedicarboxylate);; IRMOF-6, a material having a general formula of
Zn,O(cyclobutyl 1,4-benzenedicarboxylate); IRMOF-3, a material having a
general formula of Zn,O(2-amino 1,4 benzenedicarboxylate);; and IRMOF-11, a
material having a general formula of Zn,O(terphenyl dicarboxylate);, or
Zn,O(tetrahydropyrene 2,7-dicarboxylate);; IRMOF-8, a material having a
general formula of Zn,O(2,6 naphthalene dicarboxylate);; and Cu-BTC MOF, a
material having a general formula of C3sH¢Cu30;; (copper benzene-1,3,5-

tricarboxylate).

[0075] Exemplary zeolitic imidazole framework (ZIF) sorbent materials
include, but are not limited to, ZIF-68, ZIF-60, ZIF-70, ZIF-95, ZIF-100
developed at the University of California at Los Angeles and generally discussed
in Nature 453, 207-211 (8 May 2008), hereby incorporated by reference in its

entirety.

[0076] Zeolite adsorbent materials include, but are not limited to,

aluminosilicates that are represented by the formula M,,,0°Al,05ySi0, wH,0,



[0079] Zeol ites that can be used in the enbodi nents of the present
application also include the zeolites disclosed in the Encycl opedi a of

Chem cal wechnaligrgy by Kirk-OQ hner, Volune 16, Fourth E@®CTiusaoiiopder t he
headi ng "Ml ecul ar Si eves," which is hgréeby i ncorporated by reference in
its entirety. - 28 - [0080] Synthetic zeolite sorbent materials are
comercially avail abl e, such as under the Sylosiv(r) brand fromWR G ace
and Co. (Colunbia, M.) and from Chengdu Beyond Chem cal (Sichuan, P.R
China). For exanple, Sylosiv(r) Al10 is one commercially avail able zeolite
13 X productwheviy ki heor Ereatied M 008 Tharge holasdinglsatie, su¢teas sodmnf,|l uid refers to

l'iquid .t hat i blLy binds. ta, the. t terial. -limti
xampl o of PPIGHHS. PHETS TR oBoueul i sdnt Ot el AR Reeriabnt

appl i cati on hdyabled 8f GAfPeBntdineY it the ZABLENANSIds CERANSles Bf 2RARA thakhane,
ammoni a, chl orofl uorocarbons (e.g., FreonTm), and other suitable fluids and

refri ger ant e inqludsdrin ghaympthots and sstearbdherpresent applycasion tizdhiide fatwriatl or
refrigerant s%ti@%%i n E.E?e above-descri bed pressure index can be used.

Sel ecti on of "SHYBEHIC MBU'E’i al s and Fluids [0082] I n accordance with anot her
aspect of the invention, a nethod is

[0077] Natural zeolites include, but are not limited to, chabazite (CAS
Registry No. 12251-32-0; typical formula Ca,[(AlO,)4(S10,)5] 13H,0),
mordenite (CAS Registry No. 12173-98-7; typical formula
Nag[(AlO,)s(S10,)49]24H,0), erionite (CAS Registry No. 12150-42-8; typical
formula (Ca, Mg, Na,, K»)45[(AlO,)9(S10,),7]27H,0), faujasite (CAS Registry
No. 12173-28-3, typical formula (Ca, Mg, Na,,

K2)29.5[(AlO,)s9(S10,)133] 235H,0), clinoptilolite (CAS Registry No. 12321-85-
6, typical formula Nag[(AlO,)s(S10,)50] 24H,0) and phillipsite (typical formula:
(0.5Ca, Na, K);[(AlO,)3(S10,)s] 6H,0).

[0078] Synthetic zeolites include, but are not limited to, zeolite A (typical
formula: Na5[(AlO,)15(S10,)12]27H,0), zeolite X (CAS Registry No.68989-23-
1; typical formula: Nagg[ AlO;)g6(S107)106] 264H,0), zeolite Y (typical formula:
Nasg[ (AlO,)56(S10,)136] 250H,0), zeolite L (typical formula:
Ky[(AlO,)e(S10,),7]22H,0), zeolite omega (typical formula:
NagsTMA [ AlO,)s(S10,)25].21H,0, where TMA is tetramethylammonium) and
ZSM-5 (typical formula: (Na, TPA)[(ALO,);5(S10;)93] 16H,0, where TPA is

tetrapropylammonium).

[0079] Zeolites that can be used in the embodiments of the present
application also include the zeolites disclosed in the Encyclopedia of Chemical
Technology by Kirk-Othmer, Volume 16, Fourth Edition, under the heading

“Molecular Sieves,” which is hereby incorporated by reference in its entirety.



provi ded for selecting a sorbent material and a working fluid for use in
conbination in an unutilized-heat sorbent systemwthin a chem cal

processi ngoanipaptsochem cal refining operation. The mnet rod/usenan2d7iy
includes identifying a sorbent that negés the pressure index criterion of
at least 1.5. In one enbodinent, the sorbent material and the working fluid
for use in conbination are selected if the nmeasured internal pressure
within the secured chanber is at least two tines, or at |least three tines,
or at least four tinmes, or at least six times, or at |least eight tines the
sorbing pressure. The sorption system can be used to generate power and
chilling. The above-described nethod is not applicable to absorption
systens. - [0480] HeSynthgticgsphtei sorbehbuesTRiscre papmprcislheawdlablensuchat er i al

o about 25 kBT en0sa SERTIFEY o Gty B P bt GONEIANG & (5 anout -

10 kcal / nol €rohoChbgaiu Bgioha €hethicdl 0SiéRhnEP. RTIGhikat Fe@fexamprt Sowssfioul d be
bet ween 2 kcal/nole to about 40 kcal/nmole if a higher tenperature heat

source (e.gAllgpeae epmmgenialbsoafablageelpetld X poOuF) is avail able. The
sorbent material should also have a high capacity for the working fluid.
Uses of Sorbent Systens of the Present Application [0084] The adsor bent
systens of MWerking$®uitlsapplication can be used in various applications
provi ded the setting allows for the presence of a vessel that contains a

sorbent material, a supply of working fluid, a heat supply and nmeans to
ef fectivel y ¢fi8ldct AnBOWGE3BP e e P dluidrelery éha ndpidor €3S gehsvaist Yower and

a evapor at of.; Vi b QF : an be
i oot odt o PR P oRTent Bl e O i B8 TR R B i BP0 o s
and net hods imhcdohdanpe estanhe pyepérit applicanon amclidd: ¢aslech dinxiday methangppl i cat i ons

provided the setting allows for the presence of a absorberTMfor absorbing a
wor ki ng | uEthang, PROPangu R pBEMINIA faloso g BFa Bk & -dreqbr )-d@€or bi ng t he

wor King f1 uiyghcf amy \gui'dis G flafﬁg%%?cgé In @erﬁa;i}?géﬁ’ic&far %\ﬂé&i&ﬂﬁ:n&' Hid, a heat

supply and a punp, and neans to tive I rect esorbed fluid to a
gener at or t euigghheflaideorpeftigeraanshtafénaperabboe-dewriped piedaure dekicag bt her et o.

used.

Selection of Sorbent Materials and Fluids

[0082] In accordance with another aspect of the invention, a method is
provided for selecting a sorbent material and a working fluid for use in
combination in an unutilized-heat sorbent system within a chemical processing
or petrochemical refining operation. The method generally includes identifying
a sorbent that meets the pressure index criterion of at least 1.5. In one
embodiment, the sorbent material and the working fluid for use in combination
are selected if the measured internal pressure within the secured chamber is at
least two times, or at least three times, or at least four times, or at least six times,
or at least eight times the sorbing pressure. The sorption system can be used to
generate power and chilling. The above-described method is not applicable to

absorption systems.



- 30 - pump in the winter), vehicular (where the on-board air conditioning
utilizes exhaust heat) and industrial (refining and chem cal plants).

[ 0087] | n woeoramaomrnent of the present application, thePEDruseo/ 029732 em or
method is used within a chem cal or pe& ochem cal plant, and the desorbed
fluid is used to generate power and to %fovide chilling to aid in other
process areas, particularly areas that rely on tenperature differences to
separate conmponents of a mi xture. For exanple, the chilling can be used to
recover liquefied petroleumgas (LPG C3+) fromflue gases going up a
stack, or t [ikeatof Boiptipncan be used to operate condensers to inprove the

ef fecti veness of vacuumdistillation colums, particularly in the sunmer
nont hs. [ 0088] By proper selection of the sorbent material and working
fluid, the $@083¢nt Bitdrably ahe sRbLEBMCONS@AalMRKE L] teglle Ues aiseveafgelleuer grade

heat than previousléafrovided b% sorption systens in the prior art. For
exanmpl e, i nobHEPEABYAI framtabept 2 Kealpnrele &nboip g kealmels, andvaoReat supply is

"unutilized ¥ i F) to
about 300C f WW%?BQ%%E eatrl@{ﬁ?e;{ofa&rb%{rh{eé%%{“ ‘@%@%&t %Q‘%e%jagg%ut 180C
(356 F). [0Q89FPFhehphegeTsopBphisEaill 88 besveaal Kdal/held toribbedi( N scope by the
speci fi c enbodi nents descri bed herein. |Indeed, various nodifications of the

i nventi on i kcaddoleiibmhigbet teowperaties beattrodrchde i, grastdrithdyetdhd aplparent to
those skilled in the art fromthe foregoing description and the

acconpanyi nd 799 gikie avaibbén Hiscrorbensmagiiial shauld alse haeka hightcapaciiteni n t he
scope of th‘?hea\%&ﬁ\% i‘fil ains. [0090]1t is further to be understood that all
val ues are appr oxi e, and are provided for description.

Uses of Sorbent Systems of the Present Application

[0084] The adsorbent systems of the present application can be used in
various applications provided the setting allows for the presence of a vessel that
contains a sorbent material, a supply of working fluid, a heat supply and means
to effectively direct the desorbed fluid to a generator to generate power and a
evaporator to provide chilling. For example, the desorbed gas can be directed to

a turboexpander to provide power.

[0085] The absorbent systems and methods of the present application can
be used in various applications provided the setting allows for the presence of a
absorber for absorbing a working fluid in a liquid sorbent and a vapor generator
for desorbing the working fluid from the liquid sorbent, a supply of working
fluid, a heat supply and a pump, and means to effectively direct the desorbed
fluid to a generator to generate power and a evaporator to provide chilling

thereto.

[0086] Possible applications for sorption systems of the present application

include residential (for generating air conditioning in the summer and a heat



-31 - [0091] Patents, patent applications, publications, product
descriptions, and protocols are cited throughout this application, the

di scl osurw® 20f1/\gamh of which is incorporated herein by reffarsemnems9mits
entirety for all purposes. - 32 - CLA% : 1. A sorption systemfor
generating power and chilling, conprisrng (a) a first vessel
containing a sorbent material in fluid comunication with a working fluid
and operatively connected to a heat source to yield a feed of working fluid
at a supercritical state; (b) a first generator in fluid

comruni cat i prmpiin hhqwmtéréeahtchlamﬁwkmghef burbdardtairsagpéitioning wiizest ate to

yi el d power and ed of fluid in an . at |east partially condensed
state; and eahaus?‘?e@;?) %118@}%%6%{@ ‘ﬂlll}%a‘%i et %H#ﬂf?ﬁ'cat ion with the feed of
working fluid in the at |east partially condensed state to yield chilling
and a feed of uncondensed working fl uid.

[0087] In one embodiment of the present application, the sorbent system or
method 1s used within a chemical or petrochemical plant, and the desorbed fluid
is used to generate power and to provide chilling to aid in other process areas,
particularly areas that rely on temperature differences to separate components of
a mixture. For example, the chilling can be used to recover liquefied petroleum
gas (LPG, C*") from flue gases going up a stack, or the chilling can be used to
operate condensers to improve the effectiveness of vacuum distillation columns,

particularly in the summer months.

[0088] By proper selection of the sorbent material and working fluid, the
sorbent system or method can make effective use of lower grade heat than
previously provided by sorption systems in the prior art. For example, in one
embodiment of the present application, the heat supply is “unutilized heat”
which has a temperature of from about 70°C (158 F) to about 300°C (572 F),
more preferably from about 90°C (194 F) to about 180°C (356 F).

[0089] The present application is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art
from the foregoing description and the accompanying figures. Such

modifications are intended to fall within the scope of the appended claims.

[0090] It is further to be understood that all values are approximate, and are

provided for description.



2. The sorption systemof claim1, wherein the sorbent material is selected
fromzeolites, nmetal organic franmeworks (MIF5), zeolitic imdazol ate

f ramewor K§O(2E11A9¥787si | i cagel , adsor bi ng pol yners, carbomrCTasdoiaoed?vat ed
carbon, and comnbi nati ons thereof 3.The orption systemof claim2, wherein
the sorbent material is a zeolite. 4. Tﬁi sorption systemaccording to
anyone of the preceding clains, further conprising: a second vessel
cont ai ning sorbent material in fluid comrunication with the working fluid
and operatively connected to a heat source to yield a second feed of

wor ki ng fl uill@09d a Eajg@s qakenit emliogtiamsepu@icﬁhems@rcpftucbduessgiptti@m mid cl ai m 4,
wherei n each % H flgahg t and Hhe secon %essel as, a.Sol tion node
and a desor PL99fP HdGe! “| 1% PRl saUQR b isclfaes @ %‘CU\BF fluidis
rel eased fremnbhi@orREPRALInMBL B dr@celiMits ent%@tyfof QR PARRBed O the heat source,
and wherein in the sorption node, the working fluid'is sorbed by the
sorbent material, wherein when the first vessel is operating in the
adsorption node, the second vessel is operating in the desorption node and,
wherein when the first vessel is operating in the desorption node, the
second vessel is operating in the sorption node.



6. A sorption systemfor generating power and chilling, conprising:

(a) an absorber to absorb a working fluid in a liquid sorbent; (b) a
punp i n fWwoi2diicioarsani cati on with the absorber to yiel d &Crasdoiaf29712
pressurized |iquid sorbent and absorbeg wor ki ng fluid; (c) a heat
source to heat the feed of pressurized ?Fquid sor bent and absor bed worki ng

fluid to yield a feed of working fluid at a supercritical state; (d)
a first generator in fluid communication with the feed of working fluid at
a supercritical state to yield power and a feed of working fluid in an at

| east partially condensed state; and (e) an evaporator in fluid
conmmuni cat i (&g‘(%i the feed of working fluid in the at least partially
condensed st Mg: *yield chilling and uncondensed working fluid. 7.The

sorption systemof claim®6, wherein the evaporator is in fluid
comruni cation with the absorber. 8. A sorption systemfor generating power,
conpri si ng: 1. (a)Aaomitiogsystendet géngratingipdweo andiohibatg oempiising:a wor ki ng

fluid and a liqu nt materia e fl.uid is adsorbed
n"the Thqui d sorbantsrehaor bt 4 st Bef Tededd dp HOldsiabnaton,ci &° o bent
W th an adsqfigedwoRikd Ngid dn'd'o?)eratwely cohRdctéd foephead QHIrEStol ellilaedd of

communi cation with the feed of liquid sorbent with the adsorbed working

fluid and aweekingdlwid afey supkesrigical stdte; heat source di sengages t he liquid
Sorbem L om e USRS Bl b o LSS SlBE LD 11 i
at supercritical state to yield power and a feed of working fluid in an at least
partially condensed state; and
(c) an evaporator in fluid communication with the feed of working fluid
in the at least partially condensed state to yield chilling and a feed of

uncondensed working fluid.

2. The sorption system of claim 1, wherein the sorbent material is
selected from zeolites, metal organic frameworks (MOFs), zeolitic imidazolate
frameworks (ZIFs), silicagel, adsorbing polymers, carbon, and activated carbon,

and combinations thereof.

3. The sorption system of claim 2, wherein the sorbent material is a

zeolite.

4. The sorption system according to anyone of the preceding claims,
further comprising: a second vessel containing sorbent material in fluid
communication with the working fluid and operatively connected to a heat

source to yield a second feed of working fluid at a supercritical state.

5. The sorption system of claim 4, wherein each of the first vessel
and the second vessel has a sorption mode and a desorption mode, wherein in the

desorption mode the working fluid is released from the sorbent material in



- 34 - (c) a first generator in fluid communication with the feed of
working fluid at supercritical state to yield power and a feed of working
fluid inwpo2ati/liemgt partially condensed state in fl ui drpcomseeni®a47ibn Wt h
the first vessel; and (d) a secogg generator in fluid comrunication
with the feed of liquid sorbent to yiefd power and a feed of |iquid sorbent
in fluid communi cation with the first vessel. 9. The sorption system
according to claim8, wherein the second generator is a twin screw
expander. 10. The sorption system according to any one of the

precedi ng clrespasse totles kdan souree, fand sthegamer ticoprhtonanedsy B \Em]bmgdérid

11. The sor t|on S ccordj ng, t ne of ing clains,
wher ei n ¢ he nipe L0 RER G SHdk e BN IER LB el ¥ Sheriihg Ty
sorption sysfeds6fptioh@hdBelthe sWBGIIB} Rscl k@oﬂ&%ﬁingﬁﬁ%&&‘esbff"pﬁﬂoﬁ%eaan\iapor
generator. 3. The sorpt I on system of claim12 urther conprising a

cool er in f whietkic ovinen thecktst vesseliis hperhieng mpbe dgﬁ@mptnmmode the secoudt. The
sorption syst enL rein the cooler includes cooling water.

15, "The sor JETG lssoysﬁaﬁﬁgga%&éa@@nt%o hy one of claims 11 to 14. wherein

t he vapor generator is a rectification colum.

6. A sorption system for generating power and chilling, comprising:

(a) an absorber to absorb a working fluid in a liquid sorbent;

(b) a pump in fluid communication with the absorber to yield a feed of
pressurized liquid sorbent and absorbed working fluid;

(c) a heat source to heat the feed of pressurized liquid sorbent and
absorbed working fluid to yield a feed of working fluid at a supercritical state;

(d) a first generator in fluid communication with the feed of working fluid
at a supercritical state to yield power and a feed of working fluid in an at least
partially condensed state; and

(e) an evaporator in fluid communication with the feed of working fluid
in the at least partially condensed state to yield chilling and uncondensed

working fluid.

7. The sorption system of claim 6, wherein the evaporator is in fluid

communication with the absorber.

8. A sorption system for generating power, comprising:

(a) a first vessel in fluid communication with a working fluid and a liquid
sorbent material, wherein the working fluid is adsorbed in the liquid sorbent in
the first vessel to yield a feed of liquid sorbent with an adsorbed working fluid;

(b) a heat source in fluid communication with the feed of liquid sorbent
with the adsorbed working fluid and a heat source, wherein the heat source
disengages the liquid sorbent from the adsorbed working fluid to create a feed of

working fluid at a supercritical state and a feed of liquid sorbent;



- 35 - 16. The sorption system according to any one of the preceding
clains, wherein the working fluid is selected from carbon di oxi de, nethane,
et hane, pwopane,1913at ane, ammoni a and chl or of | uor ocar bon®CT/US2011/029712 The
sorption system of claim 16, wherein tQ% working fluid is carbon dioxide.
18. A process for generating power and”chilling conprising: adsorbing a

working fluid onto a sorbent materi al ; heating the sorbent material to
desorb the working fluid fromthe sorbent material at a supercritical
st at e; directing the desorbed fluid to drive a generator to generate

power and to at (wadirsygentiagirliy floghadensenichgondeib theeldedof workgng fluidd; and

evaporating the at.least partially condensed.desorbed fluid to yield
chilling andt Sneasuear o donilRede R RET vl GFame flid in o5 lfe’ LT Coss of
claim18, wAgHRIY chbhGns&d 8Rtin MRtEEdihuhRads] ®Rihesk firsPRszqohid es, metal
organi c frameworks (MF5), zeolitic imdazolate frameworks (ZIFs),
silicagel, adsorthngepul ewforgadbiohgonamunizetion witb thectzedohliqaidd

oDl et oS STl o 81 3 RS LA A B R P oo

conpri si ng: the first vessel.

9. The sorption system according to claim 8, wherein the second

generator 1s a twin screw expander.

10.  The sorption system according to any one of the preceding claims,

wherein the first generator is a turbo expander.

11.  The sorption system according to any one of the preceding claims,

wherein the heat source is an unutilized heat source.

12.  The sorption system of claim 11, wherein the heat source includes

a vapor generator.

13.  The sorption system of claim 12, further comprising a cooler in

fluid communication with the vapor generator.

14.  The sorption system of claim 13, wherein the cooler includes

cooling water.

15.  The sorption system according to any one of claims 11 to 14,

wherein the vapor generator is a rectification column.



absorbing a working fluid into a liquid sorbent to yield a |liquid sorbent
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17.  The sorption system of claim 16, wherein the working fluid is

carbon dioxide.

18. A process for generating power and chilling comprising:

adsorbing a working fluid onto a sorbent material;

heating the sorbent material to desorb the working fluid from the sorbent
material at a supercritical state;

directing the desorbed fluid to drive a generator to generate power and to
at least partially condense the desorbed working fluid; and

evaporating the at least partially condensed desorbed fluid to yield

chilling and a feed of uncondensed working fluid.

19.  The process of claim 18, wherein the sorbent material is selected
from zeolites, metal organic frameworks (MOFs), zeolitic imidazolate
frameworks (ZIFs), silicagel, adsorbing polymers, carbon, and activated carbon,

and combinations thereof.
20.  The process of claim 19, wherein the sorbent material is a zeolite.

21. A process for generating power and chilling comprising:

absorbing a working fluid into a liquid sorbent to yield a liquid sorbent
and absorbed working fluid;

pressurizing the liquid sorbent and absorbed working fluid to increased
pressure;

heating the pressurized liquid sorbent and absorbed working fluid to

desorb the working fluid from the sorbent material in a supercritical state;
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22. A process for generating power, comprising:

absorbing a working fluid into a liquid sorbent to yield a liquid sorbent
and absorbed working fluid;

pressurizing the liquid sorbent and absorbed working fluid to increased
pressure;

heating the pressurized liquid sorbent and absorbed working fluid to
desorb the working fluid from the liquid sorbent in a supercritical state;

directing the desorbed working fluid to drive a first generator to generate
power and to at least partially condense the desorbed working fluid; and

directing the liquid sorbent to drive a second generator to generate power.

23.  The process according to any one of claims 18 to 22, wherein the
working fluid is selected from carbon dioxide, methane, ethane, propane, butane,

ammonia and chlorofluorocarbons.

24.  The process according to claim 23, wherein the working fluid is

carbon dioxide.

25.  The process according to any one of claims 18 to 24, wherein the
heating is provided by unutilized heat from one of a refining operation and

chemical processing operation.

26.  The process according to claim 25, wherein the unutilized heat is

at a temperature of 450 °F or lower.



WO 2011/119787 PCT/US2011/029712
-37-

27.  The process according to any one of claims 18 to 26, wherein the

generator is a turboexpander.



