WO 2006/025841 PCT/US2004/036068 STORAGE OF NATURAL GAS IN LIQUID SOLVENTS AND
METHODS TO ABSORB AND SEGREGATE NATURAL GAS INTO AND OUT OF LIQUID
SOLVENTS b FIE]IKB QF THE INVENTION The invention relates generalty JQ&&}B ?}&% and
transport of A gas and more particularly, to the bulk storage of natural gas in a |qU|d medium or
solvent and systems and methods for absorbing natural gas into a liquid or liquid vapor medium for
storage and transport, and segregating back into a gas for delivery. The method of transport is by 10
conventional road, rail, and ship modes utilizing the contained natural gas in concentrated form.
BACKGROUND INFORMATION Natural gas |s predomlnantly transported in gaseous form by
pipeline. For natural gas Wg d, thus, not feasibly
transported over a 15 pip®fREIPES diphaedy @%;? %\?st be transported by
other means and is often transport&ﬁl‘? %Qg%og et I@}E ("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 atmospheH §peVieNTEKRO degrees F at pressure ), which

requires a heavy inyestmentin PS&@J%QH&%@SJ tﬁ@ aaagttégattlaa%a@gtg ehd gftbe

non-pipeline transport 20 leg, as well as heavy investment in large storage tankers. ‘These capital
costs along WRW‘Pﬁ@Hﬁéﬁ@F@%@ﬁH’% %@ﬁ%@éwg%@@%’d“t %1%6‘?{ NELTRIER states tend
to make the sietage arddsanapomkaliongfinatyiaigas: Rditiddarmeauitefeastiyginiécent years,
transportation of stranded or remot tural sed. natur s ("CNG") has been
proposed, buthag B’épen (gfoﬁe Xore %r&t?%rlgltgl#é gci\léefi%eﬁ/cﬁﬂfﬁﬁgt? efsx ot %%rﬁs%é’ ing the gas at
pressure$fof 1B0venGense raﬁ&n@ﬂélr@@ shimowghevibziof dre spsliaivast ietvadiess of eonaamsént between
one third and @gg, half of the 600 to 1 (600: 1) volumetric ratios obtained with LNG without the heavy
investment in liqguefaction and re- gasification facilities, The shipment of CNG at atmospheric
temperatures or chilled conditions to -80 m&@%@@%y the subject of industry proposals.

Compressing natu ra&%ﬁ%&f%&%%@ I(J)rtg%lséllgu(t%ét%r transported in gaseous form by pipeline. For natural gas

deposits not located in close proximity to a pipeline and, thus, not feasibly transported over a
15  pipeling, ie., 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 atf pressure ), which regnires 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 expendifures necessary to store and transport ING at these states fend 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 -8¢ degrees
30  F is presently the subject of industry proposals, Compressing natural gas to 2150 psig (146
atm) places the gas compressibility (7) factor at its lowest value, (approx (.74 at 60 degrees I')

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



arm) 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 on the order
of 225: 1 is attainable. Commercial _tanka%e at 3600 psig is commonly used toré%ack atural gasto a

compresseBRVBRATAS SRR of 33AHRIEREY e R RSRS BAURASE L AP S AOSTE AT YBs into the

shipping cysiexibantust e whebinpsiesdyelinmguahiisks2suited to the frequency of transport vessels and
the production ra the gas source. Loadin refe%%g_\y achieved in a minimum amount of time, is
also factored int;? ?Sé% o‘Fg1 Za%l(;’r%rﬁ%tag%%n?%%ﬁgrﬁﬁ un &3%?%‘3’ égéfﬂgg?ﬁt% storage system sized

based on fhelfuinstyast detveridss srlohtithy ey abireneamonyvessplaeny Brdredipisiigfeeding the

natural gasm%%mldmg&c?%ﬁmmﬁ%%@d At IheserslagingRoirtss hesiefibrdelivery costs
associated with all transport modes. CNG handllnb%lﬁc, ener%y intensive requiring significant

compressiofaRtsRIREYRFRRRESY Gl Fanst e Ry bR SR EHHMhloading.
Given the relativalysiolt aastedstalingihighneredsere S lepfihyf thapipgiantiadigasting times and

associated cooling or reheati acity, no commercial system is yet operational to prove the

possibility o?%g@fﬂ%ﬁ{\%ﬁyé over 05 et 7%%%5%%0r§ﬁ6@%’ﬁt\s/v%3 Sé%%é)ﬁg%efg to provide
superior natpst gpagristadcetivallioaespramedtsse obtainable with CNG and at moderate pressures and
moderately reducegtemRaraiytesde RHiNEe DaHes NS, n amsialsdhanddG, and reduce

the proportionate intensity of equipment required for LNG. SUMMARY  In one aspect, there is
provided a [RERCSEIBIHAIAE hf g AESTinting Gi5iEapre W RbeRYBSy STt Ty Berelsraeirdren
transport/stesrsgst oG ifensieRed) leaablingdiajuial Gasading tmby e Gasbnngalveaiitigio
temperatures ie aa_’an%e of.-40Q (l):c%omanboc% -80%(:1(3m?inin f-thEaﬂ%tura‘le gas asr;gbgj)é%?carbon solvent
into a quuidor%re (¥in aﬁ’%%ﬁ?’éflgas and soll\s?ésn , an c%'?npr'§55|ngpfﬁe Ilqu%’me idm at pressures in a
range of aboonvegog pelyvrduatse ovBDhesidaiDisclosed are natural gas or methane stored in a
liquefied medium througlh e interaction OLMOdRSAIR GRS AN RMPEIALIE. A0 R0 vent

medium, and systems and methaods that facilitate the absorption of natural gas or methane into a
liquid or liqfHass APBIRRETITA ROV b ararraieRTesres apdipeiaesll BYSIBPREMAS? B market. The

facilitate better performance paramsiers than CNG, and reduce the proportionate intensity of

equipment required for LNG.

SUMMARY

In one aspect, there is pfovided a process of mixing natural gas with 2 suitable solvent to
yield liquid suited for transport/storage comprising the steps of cooling natural gas and a
hydrocarbon solvent to temperatures in a range of -40 °F to about -80°F, combining the nanral
gas and hydrocarbon solvent into 2 liquid medium of natural gas and solvent, and compressing
the liquid medium at pressures in a range of about 1200 psig to about 2150 psig.
Disclosed are natural gas or methane stored in a liquefied medium
through the mteraction of moderate pressure, low temperature and a solvent medium, and
systems and methods that facilitate the absorption of natural gas or methane nto & liguid or
iiquid vapor medium for storage and transport, and back into 2 gas for delivery to market. The
method of transport is preferably by conventional road, rail, and ship modes utilizing contained
natural gas or methane in concentrated form. This method of gas storage and transportation is
alse adaptabie for pipeline use.

In 2 preferred embodiment, the absorptive properties of ethane, propane and butane are
utilized under moderate temperature and pressure conditions (associated with & novel mixing
process) to store natural gas or methane at more efficient levels of compressed volume ratic
than arc 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 2 range of about 1200 psig to abonut 2150 psig, and temperaturss preferably n 2



method of transport is preferably by conventional road, rail, and ship modes utilizing contained 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 than are
attainable with natural gag alone under similar holdi onditions.. The.mixtuyre s grably stored
using pressaarne%et%%%‘r% gpgf%rg%ﬁngéﬁg &%ﬁgﬁﬂﬁ%ﬁﬁ % %WSE%?Ra%g pre “era%%ﬁ a range of about
1200 psig tpefesil? isorpmsy oAbt ratdS pRidarabipderethangts erabised spbags about -100 F,
more preferghly.naelMeL than:ahe wrB0ks2BRMOK SR € iesali¥d Rl EANaRIOL AL - AR A8he80 F.

Natural gas or methane is combined at these moderate temﬁeratures and pressures condition with a

liquefied solPEPHIERE K ASBRARENS sEer et GRS ERAAROS LB RSB PE R E e ddhBhtrations of
ethane prefesaiyefkahonttB5mpaalf shiad: pectenaidly Hbdhel@agen baipant thbistmbodttabadrout 30% mol;
propane preferably,at about 20% mol and.pref. po inaran f about 15% mol t an Ut 25% mol;
or butane prﬁéﬁé%gé%ag pé%%{]at% %é%aé?]n&ep?g%?gﬁ? %)%Qg%g%"%?%%ngﬁ" 0% mo %8?3%5%330% mol; or a
combinationzbfuéeitsnadmsiaridyan e/ it (ropee smaisidfameck | rapgeiefaeit 10% mol to
about 30% gaol.l BRPRXIDgHREGRERS 38 AiSHRsat hemsinie ficieptly-aombinesAatyabgas or methane
with a solventgne lum such as liquid ethane, propane, butane, or other suitable fluid, to form a
concentrateaq{filﬁ?lor liquid vapor mixture suited for storage and transport. The solvent medium is
preferably recyclediis theigomnveyansaivessehoritplitsdng obthnaatarailgas orProcess conditions are
preferably determined.accordi the limits of efficiency of the solvent d. In.aprefarred

em bodimentfn&tiéméeowgn% fé)l B%qf%}%ﬁwﬁpgésaﬁ%q?ér%{%n& ’L?ﬁ?i%arnggbﬁli}rjacﬁ égy§§}efséﬁto a stream of natural

gas or meth&néehecineraipied Hguehanioed Grenteatng Witeddbs s raértamprgol¥ant), the gas falls
into the liquig phassaatheHpRALHNG J@g&&@ﬁ%@%@%ﬁ&%&@%ﬁ%jﬁ&%%@Eﬁé@!&&ﬂt@&mixture of
coo|

gas and solvent, where. it is then pumped to storage wjth minimal after Ing. Handlir]lg the gas in
liquid form SB%&%‘S ﬁfbuﬁé%c&ﬁﬁ br%ferably determined according to the limits of efficienty of the solvent

used.

In a preferred embodiment, the solvent is preferably pressure sprayed under controlied

rates into a stream of natural‘ gas or methane enfering a mixing chamber. On meeting the

_ absorption stream (solvent), the gas falls into the liquid phase gathering in the lower part of the
mixing chamber as a saturated fluid mixture of gas and solvent, whers it is then pumped to
storage with minimal afier cooling. Handling the gas in liguid form speeds up loading and
unloading fimes and does not require after-cooling at levels associated with CNG.

The gas is then segregated from the solvent for delivery to market. The gasis
segregated from ths solvent in a separator at an idsal temperature and pressure maiching the
required delivery condition. Temperature will vary based on solvent being used. The liquid
solvent is recovered for future use.

Other systems, methods, features and advantages disclosed above will be or will
become apparerit to one with skill in the arf upon examination of the following figures and
detaiied description.

Brier DESCRIPTION OF THE FIGURES

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 o scale, emphasis instead being
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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 %iﬂﬁﬁ‘)ﬁ lemperature and pressure matching the required dejivgry.sandition, Temperature
will vary based on so'lv’ent being used. The liquid solvent is recovered for future use. Other systems,

methods, features and advantages disclosed above will be or will become apparent to one with skill in

the an upon examinalaNRk e ol N EXRRd Hesailedsleserntion RRIEE PESGRIFTION OF

THE FIGURES The details of the invention, including fabrication, structure and operation, may be
gleaned in paf? FYPEE 9P RITe Rt FRBEFR 1755 EiRss 21 Qe Rilefertibpee MYRe ilietreirdr to like
parts. The conthemetitsiynride:fifu ds-ale, pppraeagsarily to scale, emphasis instead being 3 WO
2006/025841 FI%T{QS%ZQQGA' /sg%hGa a%l Bllg%%dic%) % ﬁﬂ”ﬁ!%g%t% tl‘]r%cggisno%j%!esrggem?ni?n}{%nﬁion' Moreover,
all illustrations are intended to ¢ nvey cor?cepts, where relative sizes, s?%pes and other detailed
attributes ay'Be Hlissirsasssirpmatiebfipictiehtharciferiijios prdeisthe Ficesd dbteeprocess
diagram that gepigtsiaBillieycle of the process of the present invention. 5 FIG. 2 is a process diagram

that depicts af%i(gc#arge/unlo ding cycle of the gtgocess of the sPresent invention. FIG. 3a.is a graph
depicting voluMgtri® FigaF HHZHTERS (T BN IV TRTRAp RS Ll Fadss Mefoum ResYE 98gitistiane (C2)
mix at selectefbtedife rbane sCHIGix3h id@igiaphpdepicting volumetric ratio of methane (CI) under

various pressye. 10;condifipns:fora COLRIORARS JGRmi %§%§£é§9aé%umspeé%5%e& FIG. 3cis a

graph de{;{tcting volumetric'ratio of methane (Cl) under various pressure conditions for a 15% butane

(C4) mix & seterdiirte fperaforeerrd Cans agelgstdspeangwsiumetric ratio of methane (C 1) under

various temperatuse icopaitionstana W ethane, (2 2MbxAlSsediad RiBSSHBSIrd Sofifzodd is a

graph depictin@r\ﬂ%gg tric rgggpof.meth ne CIQ under various temperature conditions for a 20%

utane mix at selected tenperatures.
propane (C3) mix at selected pressures. P >

FIG. 4a 1s a graph depicting volumetric ratio of methane (C1) under various temperature
conditions for a 25% ethane (C2) mix af selected pressures.
15 FIG. 4b is a graph depicting volumetric ratio of methane (C1) under various temperature
conditions for a 20% propane (C3) mix at selected pressures.
‘FIG. 4c is a graph depicting volumetric ratio of methane (C1) under various tempezature
conditions for a 15% butane (C4) mix at selected pressures.
FIG. 5a is a graph depicting volumetric ratio of methane (C1) under various concenirations of
20 ethane (C2) solvent at selected temperature and pressure conditions.
FIG. 5b is a graph depicting volumetric ratio of methane (C1) under varions concentrations of
propane (C3) solvent at selected temperature and pressure conditions.
FIG. 5S¢ 1s a graph depicting volumetric ratio of methane (C1) under various concenirations 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 i a liquefied medium through the interaction of moderate pressure, low temperature
and a solvent medium. In a preferred embodiment, the absorptive properties of ethane, propans
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. 4c is a graph depicting volumetric ratio of methane (CI) under various temperature conditions for
a 15% butane (C4) mix at selected pressures. FIG. 5a is a graph depicting volumetric ratio of methane
(C I) under various nee trations of 20 ethane (C2) solvent at selected tl(;;q;a%r rlgsg&g pressure
conditions. FI&. g{g}(l%?zé%}gph depicting volumetric ratio of methane (CI) under various concentrations
of propane (C3) solvent at selected temperature and pressure conditions. FIG. 5c is a graph depicting

volumetric ratio of methane (Cl) under various c ntrations of butane (C4) salvent at selected
temperature atid ‘Fé%‘é‘f% ecf(%ﬂé’lt%ag’s. pis WK%%@%@&%JFYE R ﬁiyé%é%%ﬁgg%grvﬁlﬁha%ﬁe present
invention, natanditgasport.nidtherieis pedfardblyditsbiseycarbistb eduiresicfusiwd hedium through the

interaction of modarate AIRSSWIR: lwdieRRgRUre and a solvent medium. In a preferred embodiment,
the absorptive properties of ethane, propane and butane are utilized under moderate temperature and

pressure conditions At E A EFRPGEE o B A R RS Bt 1T STE SRR P IEVE By CoMipessed volume
ratio than are ataisipalesasthaattralmydaantalgilh aneatane ardsyp aimidisdlding cinditions. A novel

mixing process preferah mbines. natural gas or me 'hreil ent [ h.as liquid
ethane, propaéf\%reg,a d%éjﬁee%ﬁ‘%égfggsé?&fgﬁllg %8?@%%%‘%%%%8%%@%%%&%%2 IE’élgu%g to form a
concentrated Heyaigtor linsd bemppiomiritieessemel topSngesvangdeangporice pedssilerthedium is

preIerabolly re%yf%b%%ﬂra &B@xﬁgéax%r@ﬁ%eaﬁ%d |t98?ﬂé,819§&ibl '@mﬁfsmxﬂgﬂygé@(ﬁ;s%tmmmaﬁ Ig a
preferred embodiment, an absorption fluid is preferably. pressure, sprayed under 5 controlled rates into
a stream of nﬁﬂ?ﬁ?%ﬁ%&ﬁ%ﬁ%ﬁ@%ﬂgw gﬂ%ﬁlé?? *ﬁ%@é@%ﬁ%ﬁﬁﬁ?&%fﬁ%‘ﬁly chilled to
a mixing tempidituver pyrreflihetininiof ifepies Suranvhite flowlirgntiroeghgas Jod kgTidenipsansvalve
assembly of UGl BSS SHIESOMFINAARY 6. ANy HWiRR, IUUONACORIPAARUIRNIN Meeting the
absorption fluitl st?eam, thegas falls into the liquid~solvent gathering in the lower part of the mixing
chamber in thaxfdimspesdiatn iatd g ad mrnHiing HRCIGRETPARGIIRE iR NRMHFHE saturated
fluid, a mixturg@fgasapehliauid solvent, is pumped to storage with minimal after cooling. Handling the

T i ot IR T R FREECTS HRIATOY NG SRENE ARG ARER ! requre

15  Figure 1. As depicted, a stream of naturai gas or methane is absorbed into a solvent to create a

storage/ transport mixture i saturated fluid form. Depending upon the solvent used, different
optimal temperature and pressure parameters will be required to attain the desired volumetric
ratios of the gas within the solvent.
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/chilier train 14. The gas exiting the chiller train 14 1s then
fed at a controlled pressure governed by a pressure regulator 16 through a flow element 18 o 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 coniroller 34 to match on a molar volume basis the desired

solvent flow rate with that of the gas.



associated with CNG. Turning in detail to the figures, a process flow diagram of the fill cycle is
provided in 15 Figure 1. As depicted, a stream of natural gas or methane is absorbed into a solvent to
cregte a storag 65%?%?“ mixture in saturated fluid form.‘ Depending up%%wﬂg&%@eq, diffe;rent
optimal temperature and pressure parameters will be required to attain the desired volumetric ratios of
the gas within the solvent. In operation, the solvent is stored in a storage vessel 32 at a chilled

temperature 20 mafehic é%%g{@f?ﬁg%ﬁg%éﬁmg@ﬁ%}%@gﬁam%a%%%@ Hawidnhese
as enter

maintenance conditions. ing an inlet manifold 10 has its %essure raised via a gas

compressor 120- Phivgadteapsepdvednipetsddy moqemis doorer tighydbmd BRI ture as the
stored solvent whilg-Rassing shsaughanaiseelesehiteniraincdeshe gas exiingehalchiler 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 mAG ChAHBE I8P Fhe e SHINEH 57EESTTE of the gas varies according to the gas mix
being prodessed forGtonagmatie srdvmpohe Faads eptinbed enoremydedoridhtioniaishehae: srediven. particular
solvent used. The fixer20-isalaeSuRRict Wt sqlue B BIssiea SamBR YRR g salvent flow

rate is governed by a flow controller 34 and flow control valve 31. Information from the flow 30
element 18 is #ed B ot SrBrdadBud alen orral Ao SR amTesh a4 s FEHESNad solvent flow
rate with that efathe-gassR A0 2R 02584 1-RCTAILFRONH AI6OEH < Moirsh oxwe i Fighirénlkts the use of
a Joule Thom%lsa%%aﬁl]yf before,the ﬂ%%t m%nifold 129 A Joule Thompson valve is preferably

. 1 .
incorporated for very hig 0%%‘1%@5& pre%sur%lémfgqumng a drop in pressure to that of the process

train. Thdressure diospaerses fhi (e dwstedroatesausoaplardaivmetireld vy prekBYas stream.
5 On meeting g, soivenh {HEHa3abserbedand.caried withiv.adiakid iRhasgamediumor This liquid

phase medium gathers in the |ower part of the mixinf chamber 20 with the solvent as a saturated

fluid. The satuFSREEEGHPISIAS BEm e drdinatadskddsS P Hed Bl vieas Me"Ss KebfiTeFiE el 40.
Excess gas is y¢had, baakethratighres piessiliepceairblly falve #dto thksidletrionamifielck® 42r recycling

through the m%(eeurigzﬁllled with the saturated fluid. The blanket gas liquefies as the tanks 42 are filled with

15  the safurated fluid. Tanks mounted on board a ship are preferably contained within a sealed
enclosure filled with a blanket of chilled nert atmosphere. The stored saturated fluid is
maintained at the appropriate temperature during storage and transit.

Turning to Figure 2, a process flow diagram of a discharge/unloading cycle is provided
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 ifs 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 info a separator tower 56 where a drop in pressure causes the soivent 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 Hquid 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 medinm. The process advantageously provides natural gas and methane volumetric

6



10 The saturated fluid is then boosted in pressure to preferred storage levels by a packing pump 41
from which it is fed into a loading header 43 and then packed into holding tanks or storage vessels 42
fed by the loggdi &%%1%43. Chilled blanket gas such as methane, ethang,RreRangputane or
mixtures thereof is preferably found in the tanks 42 prior to the tanks 42 being filled with the saturated
fluid. The blanket gas liquefies as the tanks 42 are filled with 15 the saturated fluid. Tanks mounted on

board a ship are preferabl ntained within ed, enclosure fil] ih.R-Rlanket gf ghiled inert
atmosphere. f%%’%%?&%"ég ura %89%?%% ?ﬁ%ﬁlr(?t%?#feeah at %%cgggf:)p%ﬁ?ﬁasé temperature during storage

and transit. TUrNiGgrefigured2 radprier i Howrdiejrarte ShtanaiscHaaarosm aengeeyetd- provided

where the satyfiated fiidid stasadiatheboldingiianksdlihsepaatatiiato b aasFhermvans 20 stream
of recovered solvent. The saturated fluid.is fed from the tanks 4 thro,ughl %g unloadin% header 45 to a

discharge punifvBBREHERY PREEHRCAPE ST Ie T FRE P TRIACIT P ST R SIIR A HEA e hanger 54.
In the heal exehanginihd, ditetCN@erdihi@ oithe saterateddlgris asarshised tonpsipt@in. an optimal energy

level for re-gasyficglian. L6 (:0aliaRLaGeRRAtSHRAT 5 Eh RRasAdipin.pgparalor tower 56

where a drop in pressure causes the solvent to return fo its 25 liquid phase and separate from the gas.
The gas streaffrestimethey SEPY REFRTGetsSOTEPRIC iodBH d SPEICES ot SEREBTERTHBIAE facilities through

an outlet headgangwhilanhesselventl arvithe iowetpartolthagessalis dathadiviar-aspigssure

control valve 62 to a storage vessel 60 for re-use. The systems and.methods described in regard to
Figs. 1 and 2 fﬁ%ﬁﬁ?ﬁ?@%@g it nﬁf‘ st

sor%f%%mfa;ﬁsgflna?ﬁ?g]%%gsin (Sjogwffau?&éﬂgr |%ﬁtf)(§&\$§por medium for storage
and tranggort, temsptivetisegf eljiito 186Gt ecgasafandielivergptalarket and the retention of the solvent for

reuse as a_carrier madinmg, fhe:RaceSH AR RIBMSNRIVIdeR-PRAIIA JaRa0dmeihane
volumetric 6 WO 2006/025841 PCT/US2004/036068 ratios superior to those obtainable with CNG,

enhanced perfRiiE i@ papapiE B ErRydaoeh aves shilslisbhighd srraataierifsalien
proportionate ini@psiiye of ertipmentseguisaddor ki Ghe dlaeramatignietdhrisiariachsatutatatkfiuid and

subsequent recons;ﬁitute(ii roductg for, deI%'ver iS ﬁ;\dlvanta eously brought about.with | $s energy
. upact ot a lower, quan Eyof maieria dfo the lower opera 11153./]? ess%%sl &uo C N}&V Wi
expenditure thar 1S inveIved i processing an reconstituting er or ackto a

pressurizéll gaerticanddienbdemperaturiebility of the invention.

Unlike conventional processes (see, e.g., Teal USPN 5,513,054), the process of the
present invention 18 not intended for the creation of a fuel mix, but rather for the storage and
transport of natural gas (methane) with the solvent being recovered for reuse. The mixture
advantageously allows for transport of the medium both in the liquid phase or within 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 Sa-o, 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 3¢ 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 volumeiric 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 depicied in
Figs. 5a, 5b and 5c, is in a range of about one-third to one-half of LNG at concenirations of

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

7



Moreover, natural gas or methane retained in a liquid medium can advantageously be transferred by
simply pumping, as compared to the compression, decompression and drawdown-compression

stages involved izrb gp/gzt_rﬁ?sfer of CNG. As one skilled in the art would undgé%%ggmg}#?ﬁgggaﬂy
improves on YR 288R5Hits associated with the storage and 10 transportation of chilled CNG in

current industry proposals. The reduction in costs relative to CNG handling is further related to the
reduction in caQitaI requirements fqr containmen %rou h the of li J%H'?&%'%Sﬁt%%ﬁ? materials,
often compoéff@éﬁ‘ﬂﬁ‘éF‘l?@iﬁm%gﬁ’]iha’?)da?@’é{tﬂﬁﬁﬁ énlj'gnrane%gtooggogyit 6sedskilled in the art that the
impact on a Iduesguad tiymimatendpiesthecowiiooperating pressures quoted above will 15 further

add to the economic,viability, of the, Invention.HnlkeisoRusnignaldeeRsSASIS AR fofeal USPN
5,513,054), the process of the présent invention is not intended for the Qrea%c%l of,gl fuel mix, but

rather for the StrEgetaiasRIRe § GNE CRGFEOTHEMh AN & JRth FRLBICRR: e &EEered for
reuse. The mixue advaniageaualy alousdomiemspors it matiuefbbihinatediqidptiase or
within the liquid 20 phase envelgpe. of the gas mix, Proce nditi el rmined
according to |i?ﬁﬂ%¥%ﬁ‘fi&?@ﬁ%§}§ gsé%’ha%&?%l %n}gb%ﬁfg%rﬁaggl S?Ilio v%ﬁ%s?ﬁ%eﬁ%%%ﬁo Figs. 3a-c,
4a-c, and 5a-0 e yolmeticarytivsiofeniraonC ) Uhaet movapefonpia sdarec s AR iperature
conditions and,g yariedsof Saiurated rid-mixire.sansentrationsiobalhate(IRliqpoeane,(C3) and
butane (C4) solvents is 25 depicted. Figs. 3a, 3b and 3%3 ustrate that 1:}'Ehte vglgt@aegric,; erl%t;;% of methane
(Cl) is in a ranBeRIPABOREEHOHFFEPIBABR. sTFok FEE K SPeae (PR THA AR ga of about 500 psi to
about 2109 psit ferselsriedisalypetcmeaniiatons ahddenpéiatul e cbmdifibiisndhervritmetric ratio of
methane (Cl), as depjcted in Eigs. 4a,.4h an isinar y -third:t onayf of LNG at
temperatures ﬁ%:ege%% %%g]?oé%:g%%g@ {0 gﬁ%%vr% Enfgf%é%i%bg%%%?rﬁ%mo%c%?géf%tgortlligns and
pressure condicms. péfeabhiubmbat ot rrserihete g dfebriet s meiye s %4merkc, is in a

range of about,pnesthird.10.0ne-ARE AN aboensamaiopsahathitnale d) iragaspdat about 15%
mol to about 25‘V00 mol, of propane (C2) in a range of about 7 WO 2006/025841 PCT/US2004/036068
10% me] to abHlit ARG S~ Butane (C4) in a range of about 10% mol to about 30% mol

15 Preferred packing and storage parameters and associated compression performance
levels are provided below for stored liquid mediums utilizing ethane, propane or butane as the
solvent (pure methane compression follows in parenthesis):

Volumetric Ratio for Absorbed Natural Gas (vs. Compressed Natural Gas)
A, Fthane - 25% mol

20 1200 psig —60 degree F 276 f3/83 (203 f13/£i3)
1200 psig —40 degree F 226 fi3/fi3 (166 fi3/fi3)
1400 psig ~ —40 degree F 253 f3/f3 (206 f3/M3)
1500 psig ~30 degree F 242 f13/ft3 (207 fi3/4i3)
B. Propane - 20% mol
25 1200 psig ~40 degree F 275 fi3/f83 (166 ft3/f13)
1200 psig ~30 degree F 236 fi3/f3 (153 f3/113)
1400 psig —40 degree F 289 fi3/f3 (206 £t3/113)
1500 psig ~30 degree ¥ 279 fi3/M3 (207 f3/413)
C. Butane - 15% mol
30 1200 psig ~60 degree F 269 §3/ft3 (203 £13/113)
1400 psig —40 degree T 294 fi3/ft3 (206 fi3/3)
1500 psig —40 degree F 301 ft3/fi3 (225 [3/f13)



for selected temperature and pressure conditions. Accordingly, the present invention obtains natural
gas volumetric ratios in liquid form superior to those obtainable in CNG operations and, as a result,

economics o&%%gﬁ /Pyﬁﬁzing 5 pressures that are preferably no higher than.abey242943sig, and
of ak

preferably in arange out 1200 psig to about 2150 psig, and temperatures preferably in a range of
about -20 F to about - 100 F, more preferably no lower than about -80 F and more preferably in a

range of about - 40 F 19, £, NaTa| a5 of meshane 1S GOmAnegyi . solient referably aui

ethane, propane orbutane, or combinations thereof, at the following concentrations: ethane preferably
10 at about 25%Feadiaiidysiitoraldle mptriredRicGTatBEE $B0Y6ARETA eyt E SRS ihtpane

preferably at ahgut.2000dnel and drsfey ably do-a e Hhalow kbRl 0B 2584 mol; or butane
preferably at about 15% and reﬁ%% in qagran‘%e of %bout 0% mol to ab uﬁ%f}% mol: ora

combination ot StREREDISATE" BEAREP B Iﬁl%paélﬁé( RO BUtaRe in A range’ SEABSSt 10% mol to

about 30% makdeRiaferredpatking2and; stor Y afrassmetenstaid Wesuriated adrispressaivns
performance !ﬁ”‘ﬁt?tg@ provided below for stored liquid mediums utilizing ethane, propane or butane
as the solvent (pure methane compression follows in parenthesis): Volumetric Ratio for Absorbed

Natural Gas (vs Conlpreiss stPRs eioaed and EapsqEed IO IYE I B fagRE e 276 ft3/Mt3
(203 ft3/ft3) 12Q6:Rrigd4-aeereai 23&{BH 13166 83HIR) af 08 psigod Artideies b3 ftBAt3 (206

ft3/ft3) 1500 psig -30 degree E 242 ft3/ft3 (207 ft3/ft3).B. Propane - 209 25120 ig -40 degree
F 275 ft3/ft3 ( 6gnﬁ§fﬁ%)‘g‘f¥%%f%'sff‘g°4ﬁ‘ﬁz‘a%e%‘ “é%?é’@%ﬂ@“(ﬁ‘@é" ﬂé?ffgfpﬂgl5‘ep’é‘fﬁzf‘igo‘ﬁjegree F 289
ft3/ft3 (206 ft31ftiBypaBSOpsimvaficedres! Faly o Shsnioder BBy T Rutnd 141854 #BIB0 1200 psig
-60 degree F 209 f3{fi3(203 fHIA400RIG 40 189106 Fud@h HBHLR 2R8HBMERbE an

existing form intended for land or marine use. Material specification of proven non exotic
equipment is intended to be used in storage vessel design.

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

15 systems presently available such as cascade propane. One of skill in the art wounld 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



1500 psig -40 degree F 301 ft3/ft3 (225 ft3/ft3) 8 WO 2006/025841. PCT/US2004/036068 As the data
in A. B and C above indicates, compression performance levels for the stored liquid medium at the
noted mpd_er@s ESSULes and temperatures are competitive i.n all ipstan§g§!;%5[ﬁ%3§66%100 psig and
-60 F. Similar performance levels to A, B and C for compression ratios can be expected for pure
methane: (1) at pressures in the 2100 psig range 5 and temperatures of-30 to -20 F; and. (2) at
pressures in the. 2500 pelgy anas and amperallies. RGO ETe s deesieiabhcained and
transported within a iquid mé&dium utilizing composite vessels and interconnecting hoses for low
temperature appHcatienifraatambient down to -100 F, and steel vessels for moderate temperature
applications down to -40 F. The method of 10 transport is by conventional road, rail, and ship modes
utilizing the contained natural gas in concentrated form. The transportation vessel maybe a custom
design or adaptation of an existing form intended for land or marine use. Material specification of
proven non exotic 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

10



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 9 WO 2006/025841
PCT/USZOO4£9_§88§8 desired. Accordingly, the invention is not to be restricted except in light of the
attached claims—and their equivalents. 10 CLAIMS What is claimed is: |. A process of mixing natural
gas with a suiighle salyen to yield liquid suited for transport/storage comprising the steps of: cooling
natural gas and a hydrocarbon solvent to temperatures in a range of -40 F to about-80F, combining
the natural gas an FSEaPbBIREERE Thess TG A RIS EPHAwEY JadidsnieddRient, and
compressingtthejiguichmedivipatippassutgs im a range of about 1200 prig to about 2150 psig. 2. The
process of claim | wherein the compressing step.includes compressing, the liquid_medium at pressures
in a range of about® Qegagﬁlﬁtﬁr?g %aééﬁ?sﬁﬁ%’ %ﬁ%"ﬁ. Vg‘%?&%g e&%%rﬁ r\?a%r%in t e%lc[,%oling step
includes cootmythi®das and solvent to temperatures at or above about -60F. 4. The process of claim
| wherein the cooling,stgmiieliidasc0elinshthe gasand hydwcaibaniealveatte; termparatuses at or
above about -60F, 5. The process of claim | wherein the hydrocarbon solvent is ethane. 6. The
process of cPiti Y {#e?th the hydrocarbon solvent is propane. 7. The process of claim | wherein the
hydrocarbon solventisiretaneth8lidihe pedoesst ofaskaings b wivensiofthiecht HUcprigdn dyastigldfethane. 11

psig.

2. The process of claim 1 wherein the compressing step includes compressing the liquid
medium at pressures in a range of about 1200 psig to about 1440 psig.

3. The process of claim 2 wherein the cooling step includes cooling the gas and solvent to
temperatures at or above about -60°F.

4. The process of claim 1 wherein the cooling step includes cooling the gas and hydrocarbon

solvent to temperatures at or above about -60°F.

5. The process of ¢claim 1 wherein the hydrocarbon solvent is ethane.
0. The process of claim 1 wherein the hydrocarbon solvent is propane.
7. The process of claim 1 wherein the hydrocarbon solvent is butane.

8. The process of claim 1 wherein the hydrocarbon gas is methane.



9. The process of claim 1 further comprising the steps of: heating the liquid medium to gasify the
natural gas and solvent, and reducing the pressure of the natural gas and solvent mixture to cause the
solvent to return to its liquid phase. 10. The process of claim 9 further comprising the step of
maintaining the liquid medium at a pressure of 1440 psig or less and at temperatures of -60F or above
prior to heating and reducing the pressure of the liquid medium. 11. The process of claim 9 further
comprising thee Steppeicnanitelriing thehliguithmidigiheatsps pifessure of 1440 psig or less and at

temperatures of-80l}:1 olf %ﬁ(ﬁ.\é% ﬁﬂgqntgdﬁ%%?%%fgqh%egagg 5'3%11 Qﬁ?ﬁ%{%&?& the liquid medium. 12.

The process of claim 9 further comprisin p of maintaining medium at a pressure of
2150 prig or less an@&ietmilereties SfbsorBrE8b vl SAbRES REdR doSAdbRRIAG Pt BB SUre of
the liquid medium. 13 .1iha pregess of claim 9 further comprising the step of maintaining the liquid

medium at a Rregsure of 213(5%332? ﬁ% ;ess and. at temperatyres. of -80F or al%%_/% Dior tg heating and

reducing the press rré)cg?stﬁe“llqﬁ? dRTEASPRS pr%%)e(s)sr%?}%%f}ﬁl ‘ urlt er compr|5|an(f]i the step of

storing the salvessrrinclid di® phiase lfos shtarécmperat@es of -60°F or above prior to heating and reducing

the pressure of the lquid medium.

11. The process of claim 9 further comprising the step of maintaining the liquid medium ata
pressure of 1440 psig or less and at temperatures of-80°F or above prior to heating and reducing the
pressure of the Hquid medium.,

12. The process of claim 9 further comprising the step of maintaining the Hquid medium 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 liquid medium.

13. The process of claim 9 further comprising the step of maintaining the liquid medium ata
pressure of 2150 psig or less and at temperatures of -80°F or above prior to heating and reducing
the pressure of the liquid medium.

14. The process of claim 9 further comprising the step of storing the solvent in liquid phase for

future use.
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