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degreds pipeline, i.e., stranded or remote natural gas, the gas must be transported by other means and is
often transported in liquid form as liquid natural gas (“LNG”) in ships. Natural gas storage and
transport in liquid form involves a state at either cryogenic or near cryogenic temperatures ( -
270 degrees F at atmospheric pressure to -180 degrees F at pressure ), which requires a heavy
investment in liquefaction and re-gasification facilities at each end of the non-pipeline transport
20 leg, as well as heavy investment in large storage tankers. These capital costs along with high
energy expenditures necessary to store and transport LNG at these states tend to make the
storage and transportation of natural gas in liquid form quite costly.
In recent years, transportation of stranded or remote natural gas assets as compressed
natural gas (“CNG”) has been proposed, but has been slow to commercialize. CNG, which
25  includes compressing the gas at pressures of 100 to several hundred atmospheres, offers
volumetric ratios of containment between one third and one half of the 600 to 1 (600 : 1)
volumetric ratios obtained with LNG without the heavy investment in liquefaction and re-
gasification facilities.
The shipment of CNG at atmospheric temperatures or chilled conditions to -80 degrees
30  Fis presently the subject of industry proposals. Compressing natural gas to 2150 psig (146
atm) places the gas compressibility (Z) factor at its lowest value, (approx 0.74 at 60 degrees F)

before it climbs to higher values at elevated pressures. At 2150 psig a compressed volume ratio
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SUMMARY

20 The present invention is directed to natural gas or methane stored in a liquefied medium
through the interaction of moderate pressure, low temperature and a solvent medium, and to
systems and methods that facilitate the absorption of natural gas or methane into a liquid or
liquid vapor medium for storage and transport, and back into a gas for delivery to market. The
method of transport is preferably by conventional road, rail, and ship modes utilizing contained

25  natural gas or methane in concentrated form. This method of gas storage and transportation is
also adaptable for pipeline use.

In a preferred embodiment, the absorptive properties of ethane, propane and butane are
utilized under moderate temperature and pressure conditions (associated with a novel mixing
process) to store natural gas or methane at more efficient levels of compressed volume ratio

30  than are attainable with natural gas alone under similar holding conditions. The mixture is
preferably stored using pressures that are preferably no higher than about 2250 psig, and
preferably in a range of about 1200 psig to about 2150 psig, and temperatures preferably in a
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In a preferred enbodi nent, the absorptive properties of ethane, propane and
butane are utilized under noderate tenperature and pressure conditions
(associ atwo sdd2ss1novel m xi ng process) to store natur 2CTg®300a036068 hane at
nore efficient levels of conpressed volune ratio than are attainable with
natural gas alone under simlar holding conditions. The m xture is

pr ef er abl 1S B ress ef hing n about
D250 pai g el Su F0f, BoFSITE e bR ShAR el S0P R WIRE "oy
and t enpepsiferatdg inpr mhgeraflbbout -#0°ap ab@fer. Afatablogat or @Ethére isboukinedkdthese, nor e

pr ef er abl o | ower than about -80 E. and.nore ferably.,in range of
bout - 20 TSl giEbery ha iAo con B S UG Bies P st £ ke Bbgain
t enper at ubeButaditfoforHHidies theadtd] dt ceritermtaibna of étm?ofe@&aﬁp hs®Bit 25%Cholas
et hane,_ propane or butane, ar. conbinations thereof, at concentrations of

et hane> pr erdpigfraply=in thegange of soauinh? “ethel tp Alagub s Q¥ IpLiNoRaRe Pickoradly BpbAout 15
% ol to Q@%%ol%ﬁa/%%éblﬁhﬁgﬁﬁ‘é oPhISfE {2 g)& % ﬁ)tabg{ﬁ%g% ﬁ&%mit?g ggqg%ﬁg t&f :mt

in a range of about 15%™nol to about ; ut ane pre
15% and preduti sblagd prefesablipingaange of bieyt 1000 Reolrtsl abbet 3Qbomol; 80&6amiiination ofy

conbi nat i of _et hane ane and/ or_pbutane. or pr.opa nd .hutane in a
range  of ghgrllft’ pT%%erﬁl)lF/o olﬂg Sout? 3996 .utt & ?’ﬁa%é;%f%g?l%gg%’sm%]fqo f’lff’él?pr esent
i nvent i on3e¥fmali ently combi nes natural gas or nethane with a solvent nedi um

such i qui d_et hane, propane, butane, .or gther suitable fluid, to forma
conceﬁﬁr at gd | BRI PrPGe af&he\ﬂé’ff)sﬁm TRySpHen efhicigntberonibies aptgiabgss oangd

transport mefifABe %t ¥ 861enMBRHMM Jush B IRuRS ERIY, Jr&fads bafnd, br b6 HRAMNENAFACE
vessel on unloading of the natural gas. Process conditions are preferably

det er m nedP few aranaspirates iqwed orilignidsvaper reixfuresudtad fpr sbragh andsieangreont Théed. In a
preferred ' - ] r r r
Gont 1 of | iy o edfitis pleRfplekitina h ol AR\ BRI RV BRWMERE, |
chanber. @®mcasebndigortshe méfsrblytdeiermistd eaondingdd the hitits of bfficigasy dfdlel selvieit 0 t he
quuii phas% gathering in the lower part of the m xing chanber as a

sat ur ?edu?el uid mxture of gas and solvent, where it is then punped to

storage W th nin preterréf dnod Rk, ithgsolvdalie ichgatl e @aS s%nrayéd wdbrtoh@sias peeds
up |l oadi ng and unl oadi ng tines and,  does not require after-cooling at |evels

associ at e85 PR acies™ Thistgeleas o efme saigHegpmEEng tharPeth Onpalis thef or
delivery 4Bl Sheam/ROvERS HeSaSBUL REANE ﬂﬂl{ll?} gﬂ%s{;l g&h&ﬂig\ﬁ? fife 14Wer Part GPAE At OF

at an ideal tenperature and pressure natc
mixing chamber as a saturated fluid mixture of gas and solvent, where it is then pumped to

20  storage with minimal after cooling. Handling the gas in liquid form speeds up loading and
unloading times and does not require after-cooling at levels associated with CNG.

The gas is then segregated from the solvent for delivery to market. The gas is
segregated from the solvent in a separator at an ideal temperature and pressure matching the
required delivery condition. Temperature will vary based on solvent being used. The liquid

25  solvent is recovered for future use.

Other systems, methods, features and advantages of the invention will be or will
become apparent to one with skill in the art upon examination of the following figures and
detailed description.

BRIEF DESCRIPTION OF THE FIGURES

30 The details of the invention, including fabrication, structure and operation, may be
gleaned in part by study of the accompanying figures, in which like reference numerals refer to

like parts. The components in the figures are not necessarily to scale, emphasis instead being
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condi t i onsenditions for a 20% propane (C3) mix at selected pressures.

FIG. 4c is a graph depicting volumetric ratio of methane (C1) under various temperature

conditions for a 15% butane (C4) mix at selected pressures.

FIG. 5a is a graph depicting volumetric ratio of methane (C1) under various concentrations of
20  ethane (C2) solvent at selected temperature and pressure conditions.

FIG. 5b is a graph depicting volumetric ratio of methane (C1) under various concentrations of

propane (C3) solvent at selected temperature and pressure conditions.

FIG. 5c is a graph depicting volumetric ratio of methane (C1) under various concentrations of

butane (C4) solvent at selected temperature and pressure conditions.

25 DETAILED DESCRIPTION

In accordance with the present invention, natural gas or methane is preferably absorbed
and stored in a liquefied medium through the interaction of moderate pressure, low temperature
and a solvent medium. In a preferred embodiment, the absorptive properties of ethane, propane
and butane are utilized under moderate temperature and pressure conditions to store natural gas

30 or methane at more efficient levels of compressed volume ratio than are attainable with natural
gas or methane alone under similar holding conditions. A novel mixing process preferably

combines natural gas or methane with a solvent medium such as liquid ethane, propane, butane,
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FIG 5b is a graph depicting volunetric ratio of nethane (C ) under various
concentrations of propane (C3) solvent at selected tenperature and pressure
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In operation, the solvent is stored in a storage vessel 32 at a chilled temperature

20  matching that of preferred gas storage conditions and solvent liquid phase maintenance
conditions. Gas entering an inlet manifold 10 has its pressure raised via a gas compressor 12.
The gas exiting the compressor 12 is then cooled to the same temperature as the stored solvent
while passing through an air cooler/chiller train 14. The gas exiting the chiller train 14 is then
fed at a controlled pressure governed by a pressure regulator 16 through a flow element 18 to a

25  mixer or mixing chamber 20. The controlled pressure of the gas varies according to the gas
mix being processed for storage and tfansport. The optimal storage conditions depend on the
particular solvent used.

The mixer 20 is also supplied with a solvent injected from a pump 30. The solvent flow

rate is governed by a flow controller 34 and flow control valve 31. Information from the flow

30 element 18 is fed to the flow controller 34 to match on a molar volume basis the desired

solvent flow rate with that of the gas.



ratios of the gas within the solvent. In operation, the solvent is stored
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where the saturated fluid stored in the holding tanks 42 is separated into a gas stream and

20  stream of recovered solvent. The saturated fluid is fed from the tanks 42 through an unloading
header 45 to a discharge pump 52 where it has its pressure raised sufficiently to pass through a
heat exchanger 54. In the heat exchanger 54, the temperature of the saturated fluid is raised to
obtain an optimal energy level for re-gasification. The re-gasified processed stream is then
passed into a separator tower 56 where a drop in pressure causes the solvent to return to its

25  liquid phase and separate from the gas. The gas stream exits the separator tower 56 and is
delivered to storage or pipeline facilities through an outlet header 58, while the solvent from
the lower part of the vessel is returned via a pressure control valve 62 to a storage vessel 60 for
re-use. |

The systems and methods described in regard to Figs. 1 and 2 facilitate the absorption

30  ofnatural gas into a liquid or liquid vapor medium for storage and transport, and the

segregation of the gas for delivery to market and the retention of the solvent for reuse as a

carrier medium. The process advantageously provides natural gas and methane volumetric
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enclosure filled with a blanket of chilled inert atnosphere. The stored
saturated fluid is naintained at the appropriate tenperature during storage
and transwO.200unss4mg to Figure 2, a process flow di agr arCofUsa004/036068
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onier 45 s 3oRh sk bt et 5N G Bl Rard pde I QUI Dy AL PR O

header 45 € punp s pre sure rai

suf fici ent(IN?G bperftihand b klugiondn ﬁe:qiro;e%tﬁhalﬁ@ﬁénsﬁﬂof dquipinieat ﬂaqtatedémdt‘,h%ger 54,
the tenperature of the saturate fJui i,S raised to obtain

ener gy | evide cregiion of thestore iaél‘{r?tB‘gﬂu‘Ti ‘g’s‘?j]élgl?tF?CQHs%‘ft?)‘E}é@g‘é’&a@f ﬁ?eg%{?ﬁyll% t hen
passed i Nt @vahtSeRATHr&ight MHOBT wible¥RERy SxthiRiré thaR IsSHvIVe if PléSASing AR
solvent to return to its |iquid phase and separate fromthe gas. The gas

st r eamPexireeonstieingepher 4NN ox lba%toaiﬂﬁesﬁlé’l gaswbarebjentdenapestierge or pi pel i ne
faciliti e%\/[&x\%é\%g,gi?tu?a'? g%"btrln?etth g@?egaqﬁed§§allémh hﬁedﬁlﬁlecaﬁg \y eJu'é the | ower

part of the Is“returned via a pressure contro toastorage
vessel 60 tfaosfenrqai—hysenplsr pempipg.tag cempareti mhdmdmraﬂsiemrdedm@wsmoneghr d to Fi gs

vanor med G- Srbraiat S ihahedin Bkt ofERGL Sdptmil hihehralt o,

del i very tuadérmie thisgehtlyhi@pfontedt the Beodbmich esse@itv@with filefstoifdasd as a carrier
medi um_The process advant a%eously provi des natural gas and net hane
vol une¥r i dreatnogationpiehifled CNE ip ezt spstivPaenosalsi t h NG enhanced

per f or mance paﬁ*ﬂé‘?eh&ét%n%’@c{sts B95R BICNG Qﬂ@h&%hﬁ%h\e%la?é&% ther&fiLGdd@n 1 n the
proportionate intensity of equipment required for LN he creation of the

st ored satcapitil eequitdnodnts falrl@n@arbls@qﬂwemxgh itheawest lighter, éniglpr sttbug&lsnaﬂmlsdeﬂtqnver y
I's advant a%& gsfce%r Pf; n or e Wﬂ?ge un%mi%ﬁlo%}fb ge sqgll 5 e t h at %he

i nvol ved in process recons futl ng el
pressuriz aﬁhpgﬁSn auova:n‘qmaanty df exyeiabfod the lovivd lop@Xifie, présaibirey @iotegaabomwﬂtret h ane

retained i uid nmedium ¢ n advant ageously be transferred by sinply
punpi 213 aig ﬁ‘hﬁﬂﬁoé@ EEIHE VEBIHF g‘? ‘Bﬁ‘% U9&conpr essi on and

dr awdown- conpr emEkORnSAGRA ptduRby@6ek, b8, tr&au@mr!sﬁ@ 10595, tHeheocedorare skil | ed
in the art woul d understand, this greatf nproves on t he econoni cs

associ at e PréFRIANVEREONSIS mtagfén@ﬁéoqthwsaé@n pﬁ@ ﬁ’@hma@r, bathptherdgr thrstorage g r ent
I ndustry aﬂﬂ)% Eblf Hatn airéhg i tﬂer}oﬁfgfﬁtb\%m %c%ér&?fo} 2y ﬂl@gl!uje ng is

further relat eg to t UCtI ?)n In capl t al %eqw rerrentsgf\lgf\hgcont al nnent
t hr ough t hédvansgeaslyl aillgm ﬁxr trafmpgth ©f ths hirediugt botinmttes liqulidphasd eremithin the liquid
20  phase envelope of the gas mix.

Process conditions are preferably determined according to limits of efficiency of each of
the absorption fluids or solvents used. Turning to Figs. 3a-c, 4a-c, and 5a-c, the volumetric
ratios of methane (C1) under a variety of pressure and temperature conditions and a variety of
saturated fluid mixture concentrations of ethane (C2), propane (C3) and butane (C4) solvents is

25  depicted. Figs. 3a, 3b and 3c illustrate that the volumetric ratio of methane (C1) is in a range of
about one-third to one-half of LNG at pressures in a range of about 1200 psi to about 2100 psi
for selected solvent concentrations and temperature conditions. The volumetric ratio of
methane (C1), as depicted in Figs. 4a, 4b and 4c, is in a range of about one-third to one-half of
LNG at temperatures in a range of about —30 to below —60F for selected solvent

30  concentrations and pressure conditions. The volumetric ratio of methane (C1), as depicted in
Figs. 5a, 5b and 5c, is in a range of about one-third to one-half of LNG at concentrations of

ethane (C2) in a range of about 15% mol to about 25% mol, of propane (C2) in a range of about

7



conposite or fiber reinforced in nature. It will be understood by those
skilled in the art that the inpact on a | ower quantity of material for the
| ower opeweat2novg2ps4essur es quoted above will further addpco/ushe@+s@6ON C
viability of the invention. Unlike conventional processes (see, e.g., Teal
USPN 5, 513, 054), the process of the present invention is not intended for
the creati of a fuel m x but.rather,.f. Ao b AR SR o1 OF
nat ur al gé@%m{%ﬁq%i%ﬂ?ﬂl’ f“ﬁdf;c’fsb a\?%ﬁ@%@% Flatél %%%ang\g@figgo l?lglr °Felse. The

m xture aﬂ)t@él&@t&ﬁ@hiﬁéﬂ{tu@lah@p&sﬁ@écdnﬂmaﬁport of the mediumboth in the

i quid phase or within the |iquid phase envel ope gf the gas.m x..Process
condi ti ons ar eAproEtiBg R PEERR g‘i‘ig]?i@%’i‘aﬁ‘i‘r aﬂﬂ‘a}l‘i’lm §g]8 m;i:; U‘llc%:g’gﬁcy of
each of thLg.Absg8 rﬂﬁ%é ORaibhd Bt o?&hﬁk%@ﬁﬁd, W$ & bsull] WEdhoMELstod sdaiegBy ushe C,
4a-c, and 5a-c, the vo?urretrlc_ rati os of nethane SCI% under a varlet¥ of
pressufe aressurasiiive prtpiferablp ndhigherribanabgut225 piig epd Bretessblingrargeof g ey

m xture c ntratio g?‘ﬂ il eI NLERE b Ghdut —

sol vent s ?g&g@&t&a{é%ﬂ%@g%sfgt, a, %?%%Qﬁr S%%:e(?%}%lsntar atgee that the volunetric
rati o of netIEaed fkrably nolowerthmybonf—8abE atd wore preférakly ioe vnge dfabsutof LNG

at pressures_in a range of about 1200 psi to.abg 1 ' cted
sol vent céﬁc%Fﬁ‘rngt F oﬂlgméﬂiéastoéﬂ?ﬁ At lfrcgg%gﬁ%ﬁvftﬁ%ﬁbsj&e ggfs%ﬁfgéfé? i;dleglﬁlbgti o of
met hane ( Glopanddét bifRE, oF sbifktiohgheredBat HbfoliodingGondestritiona ethanggreffabibout
one-third to one-half of LNG at tenperatures in a range{t}ﬁg about -30 to

bel owlBOF af Sousdivempkandmivably itihp zage PLAPENS “Ame! irabl ¢ PeHBIPMSns. The
vol unetri - g - abdht F5%9$nol RPabof2.BABhoBGr 1S N
a range o rgg%%l%}?a%%gﬁ?ﬁ?fﬂ&taggg%@gﬁrﬁgﬁlgleag:‘a %% a('?l concentrations of ethane
(C2) in abnangprefefablinabout 58% and prefsrablivint ragephigiont K% probieabaut38H mely g
range of about 10% nol .t o about 30% npl n u i I e of
Cbout 20vrbroTBmsBRat et oty oro Rl sPlre bt fflecra B

condi t i ong0%AG61a6 bdngbys nfone present invention obtains natural gas
volunetric ratios in liquid formsuperior to those obtainable in CNG

oper atlPons andPrefared ppddig qnd S@E‘*@ﬁBﬁéa@gteﬁfan RSP EHCHIPIPETSHIGD B?@‘g’gﬁ?"e&s t hat
are prefe rl%is}ﬁré"&oﬂﬂ&f'&iowt R 5oRR % hid2eaRmSitilizing BHland, flopaRitr Yutaie & thange of
about 1200 psig to about 2150 psig, and tenperatures preferably in a range
of about «SQl?erﬁ(pweab@amemnmﬂpl?fqglﬁw&ﬂmaé@@%e&ﬁxy no | ower than about -80 F

and more pref €A 11¥;:triicrkagi0rf§1n%0%fed %Ml Gas fl\g Eortlﬁes'sgcpNﬁura'l\@;ié’]r al gas or
U Wt

nmet hane is conbri a sofvent, preferably 't quld ethane, propane or
but ane, or coni nat Ehas -t258wecf , at the follow ng concentrations: ethane
preferably 1200psig 60 degree F 276 f13/63 (203 fi3/6i3)
1200 psig —40 degree F 226 ft3/ft3 (166 ft3/fi3)
1400 psig -40 degree F 253 fi3/ft3 (206 ft3/£t3)
1500 psig —30 degree F 242 f3/f13 (207 £t3/13)
B. Propane - 20% mol
25 1200 psig ~ —40 degree F 275 f3/f3 (166 fi3/ft3)
1200 psig ~ —30 degree F 236 fi3/f3 (153 fi3/ft3)
1400 psig —40 degree F 289 ft3/ft3 (206 ft3/1t3)
1500 psig —30 degree F 279 ft3/ft3 (207 ft3/£i3)
C. Butane - 15% mol
30 1200 psig —60 degree F 269 ft3/ft3 (203 £t3/1t3)
1400 psig —40 degree F 294 fi3/ft3 (206 ft3/i3)
1500 psig —40 degree F 301 ft3/ft3 (225 ft3/ft3)



at about 25% nol and preferably in the range of about 15% nol to about 30%
nol ; propane preferably at about 20% nol and preferably in a range of about
15% nol twoabausf5% nol ; or butane preferably at about pC5ASacud/opsves er abl y
in a range of about 10% nol to about 30% nol; or a conbination of ethane,

propane and/or butane, or propane and butane in a range of about 10% nol to

about 30% ol . \Pual GEri6d BAGK G, ANaRLAY B9R B ATRIGL AN, ASRRREA! ed
%e OoOw'T or S{l

conpr essi on performance 'evel's are provi de ore I qui d medi uns
utili zi ng serddingid pedpantethe notbditnadeata presdvecssiod teaperafupesrage cvapletities in all
conpressiagn follo ' ent hesi s) .. Vol.unetric Ratio for S d Natural
Ga;rp (vs. W?s@%i&tﬁ%ﬂ?“@@“@. Fe Wgﬁépeﬁ%goc FVels 390 @gp‘g&qe%b degree F
276 113/ 1 t:3mpddor 8o daBbo $RABeDR) Gurodfbiklag! (@patroddedlin 3ol 00 ek pfans 371 1 3)
1400 psig -40 degree F 253 ft3/ft3 é206 ft3/ft3) 1500 psig -30 degree F 242
ft3/ft3 (20Ftempsiapyreofg30 prfaReand Qpresiures spthe 3304 psigmgnerag danperapyrss
ft3/ft3 ((J?@@l(ﬂo?o(ofl;m) 1200 psig -30 degree F 236 ft3/ft3 (153 ft3/ft3) 1400

psig -40 degree F 289 ft3/ft3 (206 ft3/ft3) 1500 psig -30 degree F 279
ft3/ft3 (207 f B¢ fas3y preferadlst stoved andliB9sperikd WRADO afisiniyg m@idund eijiizseg EEnResite

ft3/ft3 (203 ft3/f 1400 psSi -40 r F 294 ft3/ft3.,(2 ft /j 1500
ey a0 qeielsatinigdontcing B3P it AEREERdarbithubl Bk ahpi gDl ibot) +0
i ndi cat es,F, emnigided sssseinfop efoflantemsngerdnay epitichtivnms tibven st-eed. Thamettlodeli um at

t he noted noderate pressures and, tenperatures. are conpetitive in all
i nst arlles SP@FH(*;S‘%XQ’H%}W%@ i“ba%a%’ -“ggﬁ mogeyligmg iag qogiang 0araleas® to A B

and C for eRivRikAsSioan. TAS kASpdiffonfesst RAGHEH chddm Bk JFRIAARH of dn  at
pressures in the 2100 psig range and tenperatures of -30 to -20 F; and (2)

at pr essuresistingfopra éntormiod fqs d4ng of magee wadMateriy spesifivaiden offpraven nemextif
equipment is intended to be used in storage vessel design.

Chilling during storage and transit can be any of a number of proven commercial

15  systems presently available such as cascade propane. One of skill in the art would recognize
that improvements in such equipment resulting in more efficient cooling to lower temperatures
will result in improved compression performance in the present invention. (see Figs. 3a — 5¢).
De-pressuring, as required to recover the absorbent liquid and heating to re-vaporize the natural
gas tends to require minimal energy by commencing at a pressure of only 1500 psig compared

20  to the 3000 psig or higher expected in CNG systems. This also has a favorable impact on
loading and unloading times.

In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the

25  invention. For example, the reader is to understand that the specific ordering and combination
of process actions shown in the process flow diagrams described herein is merely illustrative,
unless otherwise stated, and the invention can be performed using different or additional
process actions, or a different combination or ordering of process actions. As another example,
each feature of one embodiment can be mixed and matched with other features shown in other

30  embodiments. Features and processes known to those of ordinary skill may similarly be

incorporated as desired. Additionally and obviously, features may be added or subtracted as



The gas is preferably stored and transported within a |iquid nedium
utilizing conposite vessels and interconnecting hoses for | ow tenperature
appl i cat iwo 2bocorssmbi ent down to -100 F and steel vesselPsTiuseomns@nat e
tenperature applications dowmn to -40 F. The nethod of transport is by
conventional road, rail, and ship nodes utilizing the contained natural gas
in concentrated,f The. : I i ign or
adapt at 1 oftour a St o SR R Pl et R T i It G G BLORGTRRRET |
speci f i caindxheiDéquivatenesd non exotic equi pnent is intended to be used in

storage vessel design. Chilling during storage and transit can be any of a
nunber of proven comerci al systens presently avail abl e such as cascade
propane. One of skill in the art would recognize that inprovenents in such

equi pnent resulting in nore efficient cooling to | ower tenperatures wl |
result in inproved conpression performance in the present invention (see
Figs. 3a - 5c). De-pressuring, as required to recover the absorbent |iquid
and heating to re-vaporize the natural gas tends to require mniml energy
by commencing at a pressure of only 1500 psig conmpared to the 3000 psig or
hi gher expected in CNG systens. This also has a favorable inpact on | oading
and unloading tinmes. In the foregoing specification, the invention has been
described with reference to specific enbodi nents thereof. It will, however,
be evident that various nodifications and changes may be made thereto

wi t hout departing fromthe broader spirit and scope of the invention. For
exanpl e, the reader is to understand that the specific ordering and

conbi nati on of process actions shown in the process flow diagranms descri bed
herein is nmerely illustrative, unless otherw se stated, and the invention
can be perfornmed using different or additional process actions, or a
different conbination or ordering of process actions. As another exanple,
each feature of one enbodi nent can be m xed and matched with other features
shown in other enbodi nents. Features and processes known to those of
ordinary skill may simlarly be incorporated as desired. Additionally and
obvi ously, features may be added or subtracted asdesired. Accordingly, the
invention is not to be restricted except in Iight of the attached cl ai ns
and their equivalents. CLAIMS What is clained is: 1. A process for m xing
natural gas with a suitable solvent to yield liquid suited for

10



transport/storage conprising the steps of: cooling natural gas and a

sol vent to tenperatures at or above about -80 OF, conbining the natural gas
and sol vewo 2oestss1l i qui d nmedi um of natural gas and sol PEmUS2@A®36068
conpressing the liquid nediumat pressures bel ow about 2150 psig. 2. The
process of claim1 wherein the cooling step includes cooling the gas and
sol vent to L gmperatures at or above about -6Q0F. 3. The process of claiml
wherei n the conpressing step includes conpressing the Iiquid nedium at
pressures allt?sy\élfﬂglg('ﬁs 1440 psig. 4. The process of claim3 wherein the
cooling step includes cooling the gas and solvent to tenperatures at or
above about - 60 fbcesdbior Mvangnaaelsms ovith elsaitablelsoiveatrte iyizld lnpidcmatd fog st ep

i ncludes cooling the gas .and solvent to tenperatures in a range of about
-40 to -8Graﬁs.p°6tgt°f‘f'?é’Cg-%ﬂ%%%thwte@ogi m 3 wherein the cooling step includes

cool i ng the gagsodng niRtay eitanll @ s10EM S BinPé&reSrds At & abandMofgatout -40 to - 80
F. 7. The process of clairm 1l wherein the conpressing step includes

conpressi ng t heombigingdhansiirg grpandselyeniing 2diqpidrecdivet obnspial 22909 spPR t o
about 215Q psig. 8. The process of claim7 wherein the cooling step

i ncl udes cooling the gas and solvent to tenperatures at or above about
-6Q0F. 9. The powpessngdhe Gquad mediumhepressnres heddowabdutdgS&psép i ncl udes cool i ng

h d ‘ . i b - 40 -80 F. 10.
The brocods of 1o ows oLare] s sl ARE5a Pl RRy inc'Bnatlialie o

cl ai m 1 whehgirstuteh gt s@bstenboits6@@Fopane. 12. The process of claim1 wherein
the solvent 1s _butane. 13. The process of claim1l wherein the gas I,
met hane. P4. ATBePIRSess 8f claBnt Whetsia the OmPHating sieP elidsscompresses Ge Hadd um

conpri si ng,ddAgn gﬁ&guﬁwlg@%&hgmipg%i d medi um containing natural gas at a
tenperature not l'ower than -80 F, an
4, The process of claim 3 wherein the cooling step includes cooling the gas and solvent to

temperatures at or above about —60°F.

5. The process of claim 1 wherein the cooling step includes cooling the gas and solvent to
temperatures in a range of about —40° to —80° F.

6. The process of claim 3 wherein the cooling step includes cooling the gas and solvent to
temperatures in a range of about —40° to —80° F.

7. The process of claim 1 wherein the compressing step includes compressing the liquid
medium a pressures a range of about 1200 psig to about 2150 psig.

8. The process of claim 7 wherein the cooling step includes cooling the gas and solvent to
temperatures at or above about —60°F.

9. The process of claim 7 wherein the cooling step includes cooling the gas and solvent to

temperatures in a range of about —40° to —80° F.

10.  The process of claim 1 wherein the solvent is ethane.

11.  The process of claim 1 wherein the solvent is propane.

12.  The process of claim 1 wherein the solvent is butane.

13.  The process of claim 1 wherein the gas is methane.

14. A method of containment of natural gas in a liquid medium comprising the steps

cooling the liquid medium containing natural gas at a temperature not lower than —80°
F, and

compressing the liquid medium at a pressure not exceeding 2150 psig.
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conpressing the liquid nediumat a pressure not exceeding 2150 psig.15. The
process of claim 14 wherein the liquid nmediumis ethane. 16. The process of
cl ai m 14 wbep@/nsg4ne | i quid mediumis propane. 17. The proas3@408606¢ ai m 14
wherein the liquid nediumis butane. 18. The nethod of claim 14 wherein the
tenperature is not lower than -60 F. 19. The nmethod of claim 14 wherein the
pressure es X [ : claim 18 wherein the
pressure gg'es Eg%prgé%gg%la}%j%@%%%nmg%ﬁulgﬁ%gﬁgggmg% segregate natural gas
from a sollgent Th¢ poeds dbixlamkid wHeesis e Vigwt nzodainl mlpkapaficor reuse conpri si ng
the steps gf heating the natural gas and.solvent m xture to gasify the

nat ur al ge]lg anﬁﬁ%moagﬁf’f,edﬂ??oﬂr@mfg?ﬁlﬁ%ﬂwg nb‘idglénsﬁlbg%ag?' the natural gas and
sol vent migt ur @hd ReBad sc14ie 4Saleyddnihe t@npetittt B Hoblowlebthhh g60°F. phase. 22. The
process of claim2 1 further conprising the step of maintaining the natural
gas and sdPventhemgthod af daimgl 4vheednthe PEpsuIadess pefigycest 1HRsigind  at

temper at ungs_Ofhs 3ba BF AR SREPIhe bRksiEIIRdo itk GIMAIAY L he pressure
of the natural gas and solvent m xture. 23. The process of claimz2 1
further c@hpri dinmgcestie segregateatatunaligng fdm ia nglvert etoreditomake Bhasoluent awdkbent

m xture at. a_pr (sms]urriselenotiwsélélsoo psig or less and at tenperatures of -800F or
above prio‘l2 FO°REAPT Y ahdFSduci ng the pressure of the natural gas and
sol vent m xt ur keatig the hhrad pacad solodnt eliginmt@ gdsifly thetragital gasgadisslivag, 4nde st ep

of maintaining the natural g and sol ven i Xxture at a pressure of 2150
psi g or | 6os AFUSIRE DERpENR e st HIVCRBETE I Bre ROSH Ry and
reduci ng themis asH4i€pRket he natural gas and solvent m xture. 25. The
process of claim2'1 Further conprising the step of naintaini ng1 t he natural
gas and s@Pvenfhempreeqss ef daimz 1 dphes gorapiingth g gemefi rppivfpiningdle nefinalges and

of The.natareft i Bta BlesfRONR4EE bk of )R L RENANGL BEUG NG LOR BEFRL Fer
conpri si nhedting asd sgducihg the pressuge dffiee mbirslepas andsolviegfunidtuphase for future use.
23.  The process of claim 21 further comprising the step of maintaining the natural gas and
solvent mixture at a pressure of 1440 psig or less and at temperatures of -80°F or above prior to
heating and reducing the pressure of the natural gas and solvent mixture.
24.  The process of claim 21 further comprising the step of maintaining the natural gas and
solvent mixture at a pressure of 2150 psig or less and at temperatures of -60°F or above prior to
heating and reducing the pressure of the natural gas and solvent mixture.
25.  The process of claim 21 further comprising the step of maintaining the natural gas and
solvent mixture at a pressure of 2150 psig or less and at temperatures of -80°F or above prior to
heating and reducing the pressure of the natural gas and solvent mixture.

26.  The process of claim 21 further comprising the step of storing the solvent in liquid
phase for future use.
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