HEAT | NTEGRATI ON Field of the Invention The present
invention relates to: a systemfor heat integration in
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et hyl ene oxide (EO for convefsl on i nto nonoet hyl ene
glycol (MEG ; a control systemfor use in the heat
integration system a two phase separator for use in
the process and the heat integration system their
correspondi ng nethods; and the uses of the system and
separator in an EO/et hyhgge gh¥eekalES, unit.
Background of the |Inventtom EGTs produced by the
reacti on of EQ producing MEG as the mai n product. MEG
|s gelreep@rgpag}g% y}'rgeéargcf&{ the manufacture of polyester
pht hal ate (PET) and, to a
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process i s usual spllt up into four sections: EO
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and oxygen on a catalyst at elevated tenperature (200
FOO) SR PSR AT 2D T Jusesnid ridietIwHeoRnd

thes&@é@éﬁ’éf M%%Pe%r?@r bl & anput af; theat,

whi is renoved bygeneration of "steam at t he shel |

si c&aﬂgquleaﬁ:tme Treerfeiner at ed steamis used as

heat nEd%é”qérhég]uégéngy the reaction of EO, producing MEG

as the main product. MEG is predominantly used for the
manufacture of polyester fibres, polyethylene
terephthalate (PET) and, to a lesser extent, in the
cooling systems of motor vehicles where it serves as
antifreeze.

EG is produced in a combined EO/EG process, which
provides very efficient heat integration. The integrated
process is usually split up into four sections: EO
reaction and CO; removal plus EO recovery; light ends
(LE) removal and EO purification; EC/MEG reaction and MEG
recovery; and MEG purification.

In the EO reaction section EO is produced by
reacting gaseous ethylene and oxygen on a catalyst at
elevated temperature (200 - 300°C) and pressure (15 - 20
bar). The reactions on the catalyst produce a

considerable amount of heat, which is removed by
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In the EC/ MEG reaction section, EOis reacted with CO2
to EC. In one systemthe reaction is carried out in

wo w70ogmss ors EC-1 and EC-2 that are |ined up POI/BRI0DEES0743

and in which the bulk of the-E® is converted. Residual
EO can, if required, be converted in a tubul ar
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still achieving the desired EC- | Reactor tenperature

vi &Ccddmiisging R aticgui dhee&rcile TaAG ORI PrEFUCE§uI d

pr Y 1of; 1the hav [ i ngl

e b Adeg aapecs or Vit rvent e/ Shers” S8 Fealsde

a Ihegt iatt @grtaatnperrastyasteemff @bougndviong - h&ati soheat must be

G Re R By SoREbE Ford Cong duer CORr an fog g and
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conversion into MEG wherein the system conprises an
ECA, Oﬁ@a&%r Cool er suitabl e for removing heat from an

EC-1 Re Eﬁeﬁsa%eO%%o%9whk%%eh%akngenerated in

t
communi ca |on W tsh React'or rand h
absOrepti@section is low temperature heat which cannot be

stepped up to useful energy, e.g. for steam production.
We have now found that it is possible to integrate heat
between the EC-1 reactor and other units elsewhere in the
plant, whilst still achieving the desired EC-1 Reactor
temperature via cooling in the liquid recycle and chilled
liquid production.

Summary of the Invention

Accordingly in the broadest aspect of the invention
there is provided a heat integration system for removing
heat of reaction from an EC-1 Reactor and generating
Chilled liquid for use by one or more Consumer Units, in
a catalytic process for producing EC from EO for
conversion into MEG wherein the system comprises an EC-1
Reactor Cooler suitable for removing heat from an EC-1
Reactor, an Intermediate Loop which is in communication
with the EC-1 Reactor Cooler and with an absorption

Refrigeration Unit, and which is suitable for conducting



10

15

20

25

30

Refrigeration Unit, and which is suitable for
conductingl nternedi ate |iquid therebetween, the

w@bmaongiesdn Refrigeration Unit being suitabl e POIEP2007/050743

generating Chilled liquid, anrd3a-Chilled liquid | oop
sui table for conducting Chilled liquid generated in
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and wherein the system additionally comprises an
independent stand-by source of Chilled liquid which is
suitable, alternatively or in addition to the absorption
Refrigeration Unit, for generating chilled liquid, to
serve the one or more Consumer Units.

The Intermediate Loop is suitably a closed loop.
Preferably the Shutdown Cooler is in a bypass of the
Intermediate Loop whereby Intermediate Liquid may be
diverted to the bypass for heat removal by the Shutdown
Cooler or may remain in the Intermediate Loop.

Preferably the Intermediate Loop includes a bypass
of the absorption Refrigeration Unit whereby Intermediate
cooling liquid may be conducted to the absorption
Refrigeration Unit for heat removal or may bypass the

absorption Refrigeration Unit.
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absorption Refrigeration Unit.Preferably the
i ndependent stand-by source of Chilled liquid

wW@upos®es an i ndependent stand- by absor pti on PCT/EP2007/050743

Refrigeration Unit. Reference herein to a stand-by
source of Chilled Iiquid and to a stand-by absorption
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Preferably the EC-1 Reactor Cooler is external
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repeyabnehtheat oF bpacki9Bnand gentrgh, of reactor
tenperature . Preferably the systemof the invention

conpr i s&beaEghdr &kbryoof Cooherohbgrbe anpeunali by ekternal

contr val.ves_and,one ar re nt ol hits where
hECCOREY BFT &r SCBFoUT do ErOMARE T ol ATi R LoRBRCTOT Cooler

Reagt ek tkeadilng rabdcCapsymeheURCE(SRedemandcobler is
controllers or Control Units or a conbination thereof,
andPseted édntPoECval Feacregultafiing Speratfonhdfht Remprises
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Re&cederabn vt hbeECecyRéacttorml cqei 8Crécyehefor comprises

pr%&%&a byto 99%, more preferably 80 to 95% of the total
reactor feed flow. The recycle thereby provides for
removal of heat of reaction and control of reactor
temperature.

Preferably the system of the invention comprises a
plurality of controllers, a plurality of control valves
and one or more Control Units wherein the controllers
provide signals relating to EC-1 Reactor loading and
Consumer Unit (s) demand, to controllers or Control Units
or a combination thereof, and/or to control valves
regulating operation of the Shutdown Cooler and of the
absorption Refrigeration Unit.

Preferably controllers are located: on the EC-1
Reactor; in the EC-1 Reactor liquid recycle, preferably
downstream of the EC-1 Reactor Cooler between the EC-1

Reactor Cooler and the EC-1 Reactor; on the Intermediate

Loop, preferably between the absorption Refrigeration
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downstream of the EC-I Reactor Cool er between the EC-I
Reactor Cool er and the EC-1 Reactor; on the

WO nioeosess at e Loop, preferably between the abspepEPINT/050743

RefrigerationUnit and the EG-15Reactor Cool er upstream
of the EC-1 Reactor Cooler; and/or on the Chilled
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each progranmed o neasure a value rélating to plranned

| oagdpbagsandor eagtibateobneesnodiatet heqkGdl f Reactorthe
ta?aauneorﬂowinthelMeHmm2HEUm§ flow in
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ChiLLed1 ki UL -LQRPoFCPARAEE-W L0228 5BSPESIEVE and/or in a
setpoint and to send an output signal to a controller,
CohypebsUnift thadikbsorptacsoRefolgeasveonolnegul at e

| oadi ng_of _t he, Shut down ol flow in_the

| nter meGPaFB EBoY bYRAsSTLIPSHFTR the Set REagFgpmed to
| i guhdukecyckelandienaopagatbopl@hnthel ahaongt 8AA reactor
Refrigeration Unit. Preferablg a measured val ue _

r eFaRvARgsSEeNpPanfke Foadi Rgaahar ECtpMreagtyFe or flow in
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Pr eterabky otrheeaperetoont o6l teesChiéleédnpegaidr Boop,

flow controllers or a conbinat%on.t

ereqf, nore
pr EPBPABPy “¢ht Pol FEPECFor ©t Aig E@QPQRﬁﬁgtBP send an output

signal to a controller, Control Unit and/or to a control
valve to regulate loading of the Shutdown Cooler, flow in
the Intermediate Loop bypass, flow in the EC-1 Reactor
liquid recycle and/or operation of the absorption
Refrigeration Unit.

Preferably a measured value relating to planned
loading and EC-1 Reactor conversion is selected from
temperature, conversion and flow rate, and is more
preferably temperature. Preferably therefore controllers
are temperature or flow controllers or a combination
thereof, more preferably controllers for the EC-1 Reactor
and Chilled Liquid Loop are temperature controllers and
controllers for the Intermediate Loop are a combination
cof temperature and flow controllers.

The system of the invention provides an Intermediate

Loop of Intermediate Liquid to remove heat from the EC-1
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and Chilled Liquid Loop are tenperature controllers
and controllers for the Internediate Loop are a

w@oniossasd on of tenperature and fl ow control | ePGI/ER087/050743

system of the invention provides an Internedi ate Loop
of Internediate Liquid to renove heat fromthe

EC- I Reactor to drive the ab_so(ir ption Refrigeration Unit
with return of Internmediate |ITquid to renmove further
heat fromthe EC-1 Reactor, and the Internedi ate Loo
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React or hea I'n case sorption Refrigeration
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ui.d to.renove, the ful e reaction,
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in Consumer Units in other Systens w.thout
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Enbodi ments of the invention are nowillustrated in
ndrnd ifwiltli hgatmafieECnl t heaekimret AcsorRéngdl| sipngeat of

B%@'E?lag%aﬁ%%wﬁﬁ er eldy a%% uée bmaats &gs

prior art uni ¥ I gures and Figures
10:hﬂdmsia|yabe esrbddarrgwnsree)firt e ntsemte ri ﬁnegsannoqther

%'s gtm and . ?1 Str%{ns of tohre en%\éentelrgpl g%g@ on of
&g &4 38813 ot UsENR RS s?s?g of
t hehd et iReactbet akl ed (besﬂrmepi imwritafs)t.he | nvention
Utility or. Cooling Water (CW , hereinafter referred,
n@ﬁ%%ﬁiﬁ—ﬁéﬁer and can be for exanple
seawat @mbodiments of the invention are now illustrated in
non limiting manner with respect to the following
Examples and Figures wherein:
Figure 1 illustrates the prior art EC/MEG unit
Figures 2 to 5 and Figures 7 to 10 illustrate embodiments
of the heat integration system and control system of the
invention.
Figure 6 illustrates the separator for use in the systems
of the invention.

Detailed Description of the Invention

Utility or Cooling Water (CW), hereinafter referred,
may be any external water and can be for example seawater
or the like. Intermediate liquid and Chilled liquid are
suitably any inert, conditioned liquid such as
demineralised water or the like. Suitably CW is at
ambient temperature at the location. Suitably
Intermediate liquid acts as a heat exchange liquid and
varies between a reduced temperature which is less than

that of the EC-1 Reactor contents and an elevated
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or the like. Internediate liquid and Chilled liquid
are suitably any inert, conditioned Iiquid such as

waleo7ngiad | sed water or the |ike. Suitably CWPGI/EP2007/050743

anbi ent tenperature at the |ecat+on. Suitably
Internediate liquid acts as a heat exchange |iquid and
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than that of the EC-1 Reactor contents and an

el Ryatedrenpetantus e Pesferaingy f tloen dilbavaexdhbergee e thre is
the. EC-1_Rea tor contents. Preferably tge.elevated Uni

t ep&r atlr 891 s hi Gh' ERoTGRA R TR T VR abt abkdT pt t o Unit-
refhigehali oniUned. 1 Syhi@biyt £hid | gdnddgué et Ge aBi@uid
heat exchange |iquid and varies between a reduced

t eAPer B2LEeSWAPENCER P e5l7YFRR aRmPeRt t e ePpeh bElurks atess
th cati n ed, t e e t

fron et e art R B raunere e 51 "8y g e 1evaced
enbedpaeatuoé theuheatgi itegritaonesyisdepe ofitheConsumer
inventiop a signal froma controller or a Control Unit
reJat bt @) operation of a control valve to the Shutdown

Cool er apdofecCORbHQEm¥AL VET PARAl heht t Ontber SAUEHOMWIsten of
Cool er, and can optionally initiate a signal to a

Cohheolinvantiandacohgnal vapweafoenthel B sepph yCorbngl

toythe Shutdown Cooler, Brsferably the one,of  gorg,
Control I'tsS Send a signal to control valves'to

cophtibotvhecapbunt anfi dntenvediatelteqpadativertedthe
t he Shut down Cool er and the anpunt_of |nternediate,
LiéDPHdBVBa§§Pﬁ@rth@néhﬁﬁaoﬁHtE%B?é¥YtthEbﬁt?h% signal to

[oARbnf O SR IR BLELIRY) a0 P GfSBliply moan

whiohthevahuédneaslpedeby Eoafeobbéystdeviatesrfmonea

SeLBRhIL 2T EOHLRYER, LISt I cSOBENLL0.EL o contro
the amount of Intermediate Liquid diverted to the
Shutdown Cooler and the amount of Intermediate Liquid
bypassing the Shutdown Cooler through the normal route of
the Intermediate Loop. Preferably therefore the Control
Unit (s) detects the extent to which a value measured by
controllers deviates from a setpoint and regulates the
extent of opening or closing of control valves to the
Shutdown Cooler and optionally to the CW supply means to
the Shutdown Cooler.

Preferably the system additionally comprises an EC-1
Reactor Trim Cooler for regulating the temperature of the
EC-1 Reactor. Suitably the Trim Cooler is comprised in
the EC-1 Reactor liquid recycle. Preferably the Trim
Cooler is located downstream of the EC-1 Reactor Cooler

and upstream of the EC-1 Reactor in the EC-1 Reactor

liguid recycle. Preferably the EC-1 Reactor liquid
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Shut down Cool er and optionally to the CWsupply neans
to the Shutdown Cooler. Preferably the system

w@odairvseeal |y conprises an EC-1 Reactor Tri m Ceol/EP2000050743

regulating the tenperature of 8he EC-1 Reactor.
Suitably the Trim Cooler is conprised in the ECI

Reﬁgéyélé'gghgréff¥£|§s f@éﬁé%é“%&%ﬁé%&égmr%fx%ﬁ§rT£§m

| ocated downstream of the EC-1 Reactor Cool er and
upseebam af the &G leRediceoeos nin heh€EGET- Resedoror liquid
liquid recycle. Preferably the EC-|1 Reactor
I |ﬁ%?¥l?£%ycl e controller is |ocated downstream of the

Tri m Cophepnat etbed Onbhetthdereoh dcooide EC-hndeact®hitrol
liquid regqgcle . In one enbodi ment_ the Trim Cooler is

undér teenkrol Beacher EC IURaEL@YClE (PRt FeblRY evhich in
Co@?fgékgge¥©é§hsi€?%9§nf£ eLyES §|9n§é§c$5PnE5£%Eoller,

EC actor contr sends a signa
coahdokenakve ébgnhhet&ranm@obtel Weeippdy tloe fThem Cooler
tune or cintrol EC-1 Reactor liquid rec

cle .
t enfleFAPHr & WPt hiRe tb?%f%Fr%ﬂnFE%§c$%‘¥e%%%?%?ﬁr%lquld

rapgeyThi §eﬁbé9¥‘@u£@ew§ﬁ!§£§%t r@?éf‘%é‘cﬂ nr&cyepui red
cooling duty which limts the EC-| Reactor tenperature

i ntempscaprrdecerase Bhes abldpesonha %E$b@mnt0 Mhigtain a

nmhod ' I h
o PnataPrchSaPEhl SHLP! wl: Rhet BRARS, BRE renp AT EF ok

ar eehpurandrehen©Nehesper atidteeasel ovet eog. barowng
15C) because the cooling duty of the Trim Cool er can
besghpetaft yTRéAt PBPPEYTERE e%%r%%F?l?‘ﬁ%aEb/ |PReAREHPd when

"BHbd 8§E¥ﬁ'§sCQHE£th§P atsQ §sﬁ9§l§nswggéé Lentbet

I nternedi ate Loop Controller which regul ates the
ShtutdpenaCooker arénlawpantli thkatWadsaptageuneé fhi sow (e.qg.
enggg{;qugmlt")gg)e because the cooling duty of the Trim Cooler

can be carefully controlled. Preferably the EC-1 Reactor
liquid recycle controller also sends a signal to the
Intermediate Loop Controller which regulates the Shutdown
Cooler.

In a particular advantage of this embodiment the
Trim Cooler is able to provide precise tuning of the EC-1
Reactor temperature by virtue of its independence of
other units, whereas the EC-1 Reactor Cooler is able to
provide a greater cooling duty but with less precision
due to its dependence on the Intermediate Loop for
cooling. Preferably the Trim Cooler is operated up to
substantially or approaching the maximum CW flow, at
which point the controller on the EC-1 Reactor liquid
recycle downstream of the Trim Cooler indicates further

cooling requirement which leads to operation or increased

duty of the Shutdown Cooler. Conversely i1f the controller
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Trim Cooler is able to provide precise tuning of the
EC-1 Reactor tenperature by virtue of its independence

wWO@R00oHsReBS units, whereas the EC-I| Reactor Cool RCT/EB2007/050743

able to provide a greater cool$ng duty but with | ess
preci sion due to its dependence on the Internediate

Loopyf0k: £90] b 819. - FE i &% apéc}'uff@nérﬂﬂ mt@%ﬂﬁ{uﬂ@own Cooler

operated up to substantially or approachi ng t he
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| eqils Toi@pesatéon or increased duty of the Shutdown

Cool er. Conversely if the controllerindicates |ess
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bypasse and the coo I ng duty continued rim
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around the Tri and, control Ve
inv?ﬂ%eb§5aggc%?%§ aByE%%s ?%o?? t at (§§ﬁg
Co@éﬁ@foyabXEVéslﬁoﬁﬁéeﬂrﬁ& tberénlypd s the J&ﬁ@iolled by
Cool er. The control valve in the Trim Cool er bypass is

co@tfb@We@OBVrglitbmpﬁéhr¢@m|@f UpstFeam Racher Epoler.
toéoﬁ ro?%yg %9n££$6T¥f$V§ gieEhfnf£$n1§x%%ﬁ%rolled

I'S con erature contr
I oxsgtgdtémpssateam @&bnth@lmﬁr m oot ed ddmvmstdéeﬁ&nmﬁfthe

t he point mhere t he by gass reé0|ns the EC- | React or
|i i reeyere! g@wgahfe POt ht e eBHT nghere tomtpyrrass

valye,fL the E@Lﬂ1§@9&€6rC¥Y§HP@|Yeb?cﬂ@ts{EQ&MYedIﬁothls
control the EC-1 Reactor liquid recycle tenperature

Thesbedbodhheat costpatt veuvar fgrprle¢ eFrad %@l%ys%n%upply

Enes bl 5P aRRERS, P Yol b PRglE B R oRELL S, PSS
recycle temperature. This embodiment is particularly
preferred for systems where the cooling duty of the Trim
Cooler is low (e.g. the duty of the Trim Cooler is 10%
and the duty of the EC-1 Reactor cooler is 90%). This is
because a relatively high flow of Trim Cooler CW can be
maintained even if less cooling is required (as the EC-1
Reactor liquid recycle stream can be diverted around the
bypass) and this avoids corrosion that can occur due to
chloride accumulation when the flow of Trim Cooler CW is
low. If there is no control valve for the Trim Cooler CW
supply it is preferred that the control valve at the Trim
Cooler inlet has a minimum valve opening to avoid very
low temperatures and possible crystallisation of EC in
the EC-1 Reactor liquid recycle stream at the Trim Cooler

outlet in case of low ambient temperatures.
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and the duty of the EC-1 Reactor cooler is 90% . This
is because a relatively high flow of Trim Cool er CW

w@ 200785688 nt ai ned even if |less cooling is regeCT/EPR00Z650743

the ECG-1 Reactor liquid recycllé stream can be diverted
around the bypass) and this avoids corrosion that can

occur d]:“zle Eé’r:%‘if &r@c@c‘}ﬂ% ald PreMen 1t ik, ffid ow of

Tri m Cool er C\le there is no control val ve
foxommmd'cpmsﬂ,ﬁ:cmrext@/vmpmqasurecs Wlef@rarred sefvad s:tmlals
control. val eat the Tr.i.m Cool er i

A er S F RS Vo PR M st i tBoint .

possi bl Leré:fefﬁikai;} isatdtr®of BG4 kg hee G dbdfeatd alefined
liquid recycle streamat the Trim Cool er outlet i

I n
ca‘“s@“@lfl$%%v %WWS%%@%@ Ut ST If é%%f&ﬂry control of the

a%%?ée%gé/% 3@%5}@%@ d si gnal S ca}ll cui at e ?grgr%%vﬁ&e

t hete srequsend edo varhatel ¢ ot lee et poEsdor F?rcefpmflaﬁ)hyn aComtreds of
Unit as herei nbefor(g Yﬁ‘il ned canpri ses rocessor,
o)

an%P%Pﬁ%h%?ym%%ﬂ%¥e TS o0F U a%f%%g% tuﬁq]or flow

alf]a(at@ PO RT DYE2APBOL Wi $dn $OT S e en dlesdighefht@re or
enab e the processor to performthe steps of conparing

medbow edavdl oesisuehl nsadéhpeera ke @rant oy S1grans
t& 8 S8LRQ °' ”t é{x"%‘('e“e %&Poﬁst¢ee“?§is‘5%€ PL14d ow,, gnd
op Jr%%aﬂ’y

i Onal uant di sCrepancy
ab@é’ﬁd@ﬁgb@l @y\gme set@ﬂrmtmlm lI&]ﬂﬂI@@ﬂfmy nlge@ulate a
signal to directly or indirectly regulate a control
vaFQRt rebr Vekafpl éOJE oCHRTP Yt B 0 ChiPRs’ PheP ¥R Sowke

Coel, 81 40f; a@&bYéEe fhgchﬁg%gb@ﬁngfEﬁ'@%@déy optionally

additronally regulating the Ievel of operation
t hedeof jonslhegr eegbeé birg delfi¢ nkevel no bnependoddmenhereot,

the heat inteqgration_s em of the invention detects
ex@@s?ef%ﬁﬁg?gi’ﬁ?egfiﬁl%ﬁé EC-| Reactor

In one embodiment the heat integration system of the
invention detects excess temperature in the EC-1 Reactor
requiring additional cooling in the Intermediate Loop, or
in a second embodiment detects disturbance in or
interruption of the Chilled liquid demand by Consumer
Unit (s) requiring bypass by Intermediate Liquid of the
absorption Refrigeration Unit or in a third embodiment
detects insufficient heat generation in the EC-1 Reactor
for Chilled liquid generation, for example at start-up,
shut-down or in turned down operation, requiring
operation of the stand-by supply of Chilled liquid to
Consumer Units.

In the first preferred embodiment the controller on
the Intermediate Loop at the EC-1 Reactor Cooler inlet
sends a numerical signal to an Intermediate Loop Control

Unit indicating the measured value as normal or deviant,
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requiring additional cooling in the Internedi ate Loop,
or in a second enbodi nent detects di sturbance in or

WO nioessps i on of the Chilled |iquid demand by EOWEP2UBT/050743

Unit(s) requiring bypass by-litternedi ate Liquid of the
absorption Refrigeration Unit or in a third enbodi nent

def et s b nsud ér@di@néo heata gener & | ool Nt ddes &sdint, for

React or for led I'iquid generation, for exanp e ‘at
stexdmppe shwwsd©mnr©$p¢md1mgrmmimewsxuﬂﬁmpexﬁture, whilst

uirin ation of e _Stan of, Chille
o T RS PT e ST ShENT TG 0 et rgpn | S ene
enbiegt aBnt ¢heleoNtyPhd£radib thendntermetd et a1 0opg@dl to
the EC-1 Reactor Cooler inlet sends a nunerical signa

t otlad Trternediate hoop Comirol Wnit indicating adwgnal or
neééy{gﬁtvﬁéggu a NP4 ofogqgi lé Ko fﬁ%?%ﬁgﬁlate

to or deviates fromthe setpoint, Tor example
corigsponfiog or eanesﬁl@wnpemalmmmxrmwNWHﬁtttm£e1v1ng

control]| er,.on the |Interned at t f th
Shie oo Eherers b%%s%l‘ﬁ%%a%%n%%o%%ﬁf}%{fr?%i "Qf ghafonstant

toswﬁaintsfrrﬁgt@wuk@we@ﬁf obiditsifehctingy a

normal or deviant measured val ue, for exanple norma
Inr@$uéﬂaateSLQQ@ldt®lbﬁﬁo¢OQb¥QﬂfV@WWeth@ ot Fotermediate

I
ol bLSECEEY S 0E0L3 20 S LU LB, ano

SI gnabstandngi yhigdawhesvblantcshgnal Uwoit hehfomtealculates
valve in the Intermedi ate Loop bypa33|ng t he Shut down
Codl 8+90dlr eauBEl FEBW, 2 ahidnaF 581t of t e HeY Hon Thotet and

Cb@ﬁéOkegﬁgkaﬁ@'gbgﬁgicghetsénésStH@a&afeapgtéanglanal to
function of t devi ant signal and the resultan
S|ghalcandrséndstheluatbal&heudgwgn©¢01©rtth@©ﬁtt@l

a5 B SOPLEL RYPESS, L8 LR Puoun cooter

and maintain a constant flow in the Intermedlate Loop.
In a particular advantage the system of the

invention in this embodiment provides for continuous heat
removal from the EC-1 reactor, and moreover provides
smooth temperature control of the EC-1 reactor via the
three coolers. The Shutdown Cooler is present in the
Shutdown Cooler bypass from the Intermediate Loop with
control valves in the bypass to the Shutdown Cooler and
in the Intermediate Loop. When insufficient cooling is
provided via the absorption Refrigeration Unit and the
Trim Cooler, the Shutdown Cooler will take over
automatically, via action of the controller in the EC-1
Reactor liquid recycle, for example detecting
temperature. The action of the combined controllers and
Control Units will keep the total Intermediate Liquid

circulation constant in the EC-1 Reactor liquid recycle
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and maintain a constant flowin the Intermediate Loop.
In a particul ar advantage the system of the invention

WO pooviss3enbodi ment provides for conti nuous heBCT/EP2007/050743

renmoval fromthe EC-1 reactor]2and noreover provides
snoot h tenperature control of the EC-1 reactor via the

thre ooI rs hut.do ler s e

SR 0oRe e A R L T L BRSE Bl g, ene
(NEHdKﬂOWﬁNQ@ﬁﬂém t he bypass to the Shutdown Cool er

and in the Internedlate Loo When i nsufficient

coollngh?s“b%%ﬁ VI HdietHs 6t AT ReFTh gt difiorhilled
Uni {4 & 188 TF o Qaad efb sdhs: Shtmdomn ©®foMidit to the

ta e over autonatlcally, via action of the controller
|rmemumir|U$@@t$bnn¢mxﬂwxsr@nmaﬂsyrédquﬁaﬁnﬁaﬂating to

caritt ort o LETHE B ot S 1T it eb e TeRgIOf e

| ni105 5BgHE 8be hé fikH Gl £4 ¢ Toth afrh DN a;mlsd@mcusn the deGdured
Reactor liquid recycleand the Internediate Loop and
MAV$l@®p®$ybﬁbm@ TWHDL t e BRI IOWn 1Codl FOTIFSRPRAS to or

second.erbodl gent 2 conoll ercin Lhen G Lot Lgbiding or

l o ev%romt e absor pti rigeratio it tot
CD@épﬂessénltéﬁ@eﬂ@ﬂur@rSnaln&asmgemommaheoreﬂaﬁ1m®tto

the Chilled Liquid Loop t d
AbCOR PYTBhLRET £} GoR b FER. DREL Ak dat GRLET HE" hbSLr ca

valug4as, bgigﬂaPOEHH&onrQEVb§D§e toBna LOFELSPONES 6 or
or deviates fromthe setpoint, for exanple

CObYBSﬁsndhﬁgabﬁodapkess%afregpéaht@meUthrc%yp®§81ng the
norgaﬂ§8£ﬁﬂ Pg?gléggg ngtlgnlgf %gdlg gt c@g as an

n S a Sig COﬂ

tolﬂ@k@é@b”lﬁ'@ﬂké@m@ﬂlbyﬁaﬁéophEeﬁbéﬁ&pﬁr@ﬂand leads to
Refrigeration Unit. ga33|n the absorptio
RePPRgeEaPNoATURNE PRUEEPHD Sondtactadigieafpetore defined.

In a particular advantage, bypassing the absorption
Refrigeration Unit in a situation in which Consumer Unit
demand decreases or ceases avoids excessive cooling in
the absorption Refrigeration Unit leading to undesired
precipitation of Refrigeration Unit absorbent.

In the third embodiment the stand-by absorption
Refrigeration Unit which is driven by an independent
energy supply is located in the Chilled Liquid loop in
parallel to the absorption Refrigeration Unit, together
with a controller downstream of the stand-by absorption
Refrigeration Unit and in communication with control
valve for the independent energy supply. The controller
detects a deviant measured value such as temperature
greater than a setpoint indicating insufficient chilling
of Chilled liquid and sends a signal to the control valve

for the independent energy supply to operate the stand-by
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increase in Internmedi ate Loop tenperature and |eads to
operation of the Shutdown Cool er as herei nbefore

waledorngd3s | n a particul ar advant age, bypassi ngP€TIEP2007/050743
absorption Refrigeration Uniti1gn-a situation in which
Consuner Unit demand decreases or ceases avoids

exgessj ve coal ing in the r.pti o far i t i i :
I ea;b |onrlgp %loocrh %dé e{s%glrdeé(}apﬁeocrﬁpl Q_Z}EJ iﬂoon rg:gﬁ qﬁefl%%%rda?ll oorl‘fnL &g ln
Unite alisior bentLiduid heodhifar erdsodiynehinguree sttanid= ) . In a

absorption Refrigeration Unit which is driven by a
im%&m%mrﬁﬁﬁwﬁ$&W%&m%ﬁ%ﬂ%ﬁ%@&%ﬁ@%m@
Li G oomd i pad aldel ad P the AbsUIPi RN EC-1 Reactor or
Refrigeration Unit, together with a controller

dowvimst r zasm Of 1 ¢ hentsthzaak bys abeoripth lon Refgiqgarda i@nilled
U%er and i n comuni cation {y\n Ith &%‘tr{&' val ve for the

i mEpenddht © ehe? g€or§%%€f}§/. The TONtT01 1 er detects a

devi antpyrease B8 V@l s Spedrsisi diermpef aigd Satgi@at@iit and a

than a setpoint indicating insufficient chilljing of,
Che 1 aR@ Py @i B0 Tvel @ MR Bl &8 Fal of ¢t He ‘widrtivia vidRele

f %EP@% EQ{?P&E‘ de néﬁgg?rtgwe SupP] Ve d olp@gf@t&;sm can

st and- sorptio rigeration Unit chi 1" 17 quid
f | opé ngt & nihbep&hidhiedy Lofuilie | BOpl fReaaser byurGiss untee

Uni t o ti | d f t hi '
CHFPEHOH G BhGRBT T et RON: ALl POt dURT  ShTRly the

fromihe, EGhsReget oh RErwhgardhseh figienis heaivés by low
avai l able"to provide Chilled Iiquid neeting Consuner
Unbtedewaadst8ymprovi di ng an absorption Refrigeration

Unit and a stand-py. |0 i gerati i .
wi t hin ghgi RgFec gf %?2%?%??%9%5?%%%9%Bﬁ%&%ﬂ??? o cooling
| i gysdemUppl ¥hcpRoopeeat eo nilepepdetthy obnthel EGElthe EC-1
Reactor, under the control of the heat inileg%ati on hill
sy5€eftoPr ePBPEBRYUFRe SPARBEBYSRbsOPPETS the Chilled

ReiﬁhggaaEEHBeE@£Er5§ drlveBCBYph OMy of the two systems at
low throughput, for example at start up, shutdown or
during turned down operation, i.e. at anything less than
50% operation of the EC-1 Reactor. More specifically the
invention provides for integrated heat removal as part of
a heat integration system, and comprises two different
Refrigeration Units, an absorption Refrigeration Unit
heated by waste heat coupled with an independent stand-by
absorption Refrigeration Unit heated by steam. The latter
operates in solo mode when the plant is starting up,
shutting down or turned down and there is no waste heat
available from the EC-1 Reactor, and the former also
operates when waste heat is available from the EC-1
Reactor.

In a particular advantage of the invention the

stand-by Refrigeration Unit is capable of running the
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pressure steam The present invention therefore
provi des a cooling system which provides for

wo pabepgtesent control of the EC-1 reactor tenpePEt/BPB®)7/050743

i ndependent control of the €hikled Liquid tenperature,
and decoupling of the two systens at | ow throughput,

e FX £ Hn S_Styaé’genyqlp shyit Qe lifg')ot%urd'é%city,

f
down operation, 1. e. at ‘anything |less than 50%
oprmatdammie tire HE |raRepctdd) LAV spacidiitoal IBretflerably

N pow g o0 Tl et Temmiel s P,
different; Ref4daer atd ondids . attyraRePtih approximately

Ref ri geration Unit heated by waste heat coupled with
arb @ ‘hddpendentonsg s - yo bt ptitdh 1 rS 9%n Unit

heat ed. by steam . The | ) S i . . .
e e T Ty A S B AR S g ot
antks t herepd satonest el et vavai | @bl Ed+lomddet &C-1s running
Reactor, and the former also operates when waste heatth

e

i satavhe$abtiean r%ﬁﬁ%%@?lpe% T AUt n B pdH T sk
aqyﬁ@%égﬁnoé%+fgr'fye@Eé£5Ef$ﬁé§tﬁﬁﬁ'$ﬁ&Fgﬂjﬂiﬁﬁéﬁﬂﬂ”heat

Uni't is capable of running theRefrigeration System up
t orappvaki nagel yerb@9s caphicetyy May examplionalisrd by an

range 40 to 60% acity. Preferably the rpt g -
ReFV BEFaE | BRCh 71 ST N Bperatt an tne tha By fleration
Re@gi ©r i h St heNBkBgpal old Bat&se t hiedt apipuioxdwrat @byl 50§60 is
duty, alone or together with the stand-by ,

Re$ HingbE aneons Ui ePe BRBLE he? 6@ AAHL HyUIREET | G SitMRyton of

Unit is i eLaLi n L EC actorigs
ke biefECLALLED Siphesst WErLLts £E L fpactorsl
casBekB€oBbuUpdewhbTeot er késpopee aEC omadl Consemgr Units

si gniticant heal remoyal, requl feent s, Enel Y. IBY PG at
throughput of up to 50% of design capacity.

As the EC-1 Reactor throughput increases and
approaches 50%, the throughput of the rest of the plant
similarly increases and approaches 50% and the stand-by
absorption Refrigeration Unit can no longer meet demand,
whereby the Chilled Loop controller downstream of the
absorption Refrigeration Unit indicates an increase in
Chilled Loop temperature and the absorption Refrigeration
Unit is brought into operation by operation of control
valve on the Intermediate Loop upstream of the absorption
Refrigeration Unit. Accordingly the Shutdown Cooler
Control Systems as hereinbefore defined gradually reduce
the Shutdown Cooler duty.

Up to 50% throughput, preferably an operator
manually sets the setpoint of the Chilled Liquid Loop

controller downstream of the absorption Refrigeration
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operator nmanual Iy turning down the stand-by
Refrigeration Unit in the exceptional case that

wWEbardgasss cool i ng is sinultaneously operated, BUDEPINY050743

undue consunption of independept-energy supplies for
cooling duty. It is therefore possible to keep the EC

and .Consuner its .deco ed at £ wi.t t. & :
et T TR ol bt ThrUROUL OF o oS0 o desg o
Cagaﬁlﬁjtg/erﬁﬁoﬁ hen iHC-d ovRestoteamm tduroughigur iincreeakas to

and approaches, 50% the throughput of the re of .t he
o] T ATy 1L e ARt ot O G i =tand-
standsihy. APsos PR ON Rl i gesation Und sman mio-dengalt

ma@ den%}ﬁ%)t:s Whelrebyl he Chilled Loop controller '
dowrsta Bare of e¢ theoabsoripts ore Redinitgegaid o Unitthe rate of

i ndi cates an.increase in Chille op i at ur.e and
t h]en%%%ao?%t?%nStF?eW??bg%r% S|oorné tUlnolqi Lflg)es@%lr él;%%laﬂgrynt[%uag]
opesat + Dhubyowper ati on of control valve on the

I nternmedi ate Loop upstream of the absorption

Ref ri ge?PnE® o IPRINPWe cof diiryl BF Thel St Hoviiv e er20%, and
CO h . .
re u%%é%%géﬁ% 51?'@1&??{ 53 ]g%%df@dcﬁ@éjéjqj_ﬂé/ System to

ol er duty. to 50% t hr oughput,
preterabty aine opesatptiomrieaf st siemelsiet poi ntrafsition
the Chilled Ljquid Loop controller downstream of

abdef pE Y SAC ERf r P HEF 3R i ORhi 15 M gherVE eii"ﬁeeeréeﬁlb%r%utdown

of (£ BE5t 2N PYc DS PHL O RRE T+ 0L 24t DIn Uit by gradually
downstream controller in order to force the Chill ed

Li geddcinpadthe Belthedi bbdbydtheort aeric Byl bbE ciprrohrean of

LI D kgl gPRe L et i

i ncr easenef sgtasd- by ahsoipréoniKefnigevatisad Unmtany

contribution. Once throughput of the EC. ] Reactor :

ex@égaéyge@bpéﬁaess that “makes EC from EO for conversion
into MEG. Preferably the system is used in a catalytic
process for making MEG that comprises a step in which EO
is allowed to react with CO, in the presence of a
catalyst thereby effecting formation of a reaction
solution containing EC, a hydrolysis step in which the
reaction solution is converted into a MEG aqueous
solution by hydrolysing EC in the reaction solution and a
distillation step in which purified MEG and a catalyst
solution containing the catalyst are obtained from the
MEG aqueous solution by distillation. Preferably the
catalyst is present in a bubble column reactor together
with EO, CO,, water and MEG. Preferably the system is
operated with a process side temperature in the range 50
- 200°C, more preferably 70 - 170°C, more preferably 90 -
150°C, most preferably 100 - 127°C.
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i ncreasi ng demand for Chilled Liquid causes the System
to activate the absorption Refrigeration Unit, a

w0 ean®stddHn and eventual switch over is achi evedI/EP2007/050743

bet ween t he Shut down Cool er —-and the absorption
Refrigeration Unit by gradually reducing the Chilled

Liaut 0 oop conty o SIS LRAM ofod R ADSHT R Ahae

Refri gera i on set point. emo
| eenid o uiey e tsedrdrigean’0 catldlofd.c Rredtassh hathe EC-1
makes EC from EO for conversion into MEG Preferably

t LA em T SSHRRIH G Y RIET VY Cpridt &EGBIS ,ﬁ;ﬁﬂwture
MEG: dhad ré 568 & 54 &P dds WHEhERQd srAld ougs) Qom a

react wth In the presence of a catal yst thereby
effecydhy C@r maripeeseiora cedetiven sollutiion dgnmaienPRgp

EC, _a hydrolysis ste the t on. .
|sprc%‘ﬁ:b%3r?%ag éﬁ l%ecﬁ/ﬁ%lq%ue%%s sol C%JteEl"aéc:)n1 g{]eacqcol{l Hiquid
hygk ¢ &Eéngfﬁﬁh|Mbii“ki@ﬁﬁﬂQéHWfﬁﬂLﬂhéﬂﬁﬁﬂ&tﬁhdlate cooling
distillation step in which purified MEG and a cat al yst
solQFt’IP @ ot @i TF HY el bk 2138 et chiRHMRP IO HE 2

VEG aapequs sob ULLOD, by, sl L | ald ane Prelerabl v {4

is present in a i e col umn react or
t oget et e wf 1 bw EHmEXPse nab @rt@anb VERr Wmmml 80 thed2% of
systemis

per at ed th a_process de te ure in
CVehF ahiee BPdehoe tamn of Doardientyy et e Froviae
pr§£§é@9£Ynglin%59n@ckemﬁ@§£tﬁi@f@5&&&0&]ﬁﬁk tﬁ£7 0oC
Preferably the Reactor operates at an inlet

t empetaeomeci ACt heaghhge- 7orefanab bic therBY EpabP9lehe
EC b aRAFLEr ! BoRURPLL £0. Dyn U S FQL 0Ly A AREONSREQ cor as

ding a desire uid rate

CCBefé@ﬂbébeéy@é61ﬁéﬁ CONpPr LS 504, aclai@hyrsmessdauecbnvity.
froma pu providing a desired fluid. rate

ReBEEBHPLEP Ui Hh?eE%FEOHF]&Wﬂ%‘ﬁ‘P exehahge? F}Flet%ﬁlm
I ntgriedi ate €98LHNE of together removing at least 50% of

the duty of the EC-1 Reactor.

In a particular advantage the heat integration
system may be operated as a closed loop system including
the EC-1 Reactor Cooler, the Intermediate Cooling loop
and the absorption Refrigeration Unit. However it is
necessary to ensure that the EC-1 Reactor or the Chilled
Liquid Consumer (s) can operate independently, which
necessitates the different Coolers and Refrigeration
Units being operated as a closely integrated system,
employing the two absorption Refrigeration Units in the
heat integration system as hereinbefore defined. The heat
integration system of the invention provides operational
flexibility for start up and shut down of the EC-1
Reactor by decoupling the EO and MEG sections.



| oop and the Trim Cooler) also froma punp providing a
desired fluid rate. Suitably the EC-1 Reactor |iquid

WO ewyo8w33 | ow conprises 50 to 95% for exanpl e BOI/EPBRY050743
of the total reactor feed floWw/whereby it is able to
provi de reactor cooling and tenperature control for

the exqiherje £oufeagidOnndr&farablor the Tinjvadfoler

regul ates a tenperature increase over the EC 1 Reactor
asother sdehefor etldeffiedh, pirovitdirege adiWifgravEGmodes of

selectivity. Preferably. the Reacto hut do Cool er.. ...

andP Tt ll‘?‘%/ i TIoT et Igrfé/ef Tap acg% %l r}ﬁ‘d’ tposld‘leﬁ h eo\r@arle n@vel ittty

atidensdi®9% it thecslittar odn tihesd3E | Reactirtidular

particul ar advantage the heat integration system may

gea@wm@@ e AR bs@lt 1 vv Pyt @R §91 | Ut Hgratier TBC-joop
e o] , ' [ NGy |

insicat i iia et ti R SR L L

t ol ensgir €t {dat i ¢ hentaReaiod dreep the Getdled dtiepmd

Consuner s% can §$erate i ndependent |y, which
NeCRRIFIREL Q" t A ¥ et ¥nt Cool ers and Refrigeration

Uni t's b?ﬁ@%@@@rﬁﬁ@@g%tﬁqﬁé)%@ié&niﬁe@{@tﬁﬂv&y@icﬁmmay be
enpl oying the two absorption Refrigeration Units in _
t hepdieated nyegh a2l vnssifsalehs azb syl Hyefke e HeFfaken Unit

The heat integrati S I N ' '
opeT o HAI T ERT BT TS S ST Ttp S APt e o °F
t hevEEotaReagt esobyngecoupliag 1de 2andrd/EmHd absorption
sections. W have found that_the system of_the , _

i NVRNED oAPBPERF ARSI PBr tRRel 1St FTReCERr e PP tbp@nfluid

moges QFergﬁét 1’&9@_ as5shepehpbef of e def i iedo Phisgé 0l ution
f1exibi Ity i1ncluding heat integration itself. In a

pawhichl as advancageabherlappti fatioatef. aEatsapsorption

:Eégé?gg%g%giéggﬁﬁgﬁggéggﬁiggg gﬂgoégeffgf installed at
different elevations. The lower shell is divided into an
absorber and an evaporator section while the upper shell
consists of a generator and condenser. The Refrigeration
Units for use in the system of the invention preferably
comprise a single desorber only, not a multiple, e.g.
two-stage, desorber. Heat of evaporation of cooling fluid
is supplied by the fluid to be cooled. A pressure
gradient is achieved by absorption. The heat removed from
the EC-1 reactor and/or external energy are used to drive
the Refrigeration Unit generators.

Preferably the heat integration system is used in
conjunction with a two phase separator for separating two
phase flow in a side draw from the EC-1 Reactor in a
first compartment providing liquid recycle to EC-1 and a

second compartment providing a two phase flow to a second

EC Reactor EC-2, such that the two phase flow to EC-2
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integration is inportant to keep the overall steam
consunption conpetitive. The heat integration system

wo@Roovhgseshiventi on may be operated with any suiPEDEPR2007/050743

absorption Refrigeration Unit1las-known in the art
whi ch operates on the principle of evaporating cooling

f 14 I r J%ﬂ%Jéﬁﬁ ' ' hent
fo%éé?%gé? I ﬁ%lvdgg%?f'e%'e%a y COO%IF Hﬁgﬂ%’{‘sﬁ;ﬂ(}a%’cc\%&%&{ and

t hel dbswor bentidqeic 1etdl um brlom secaul utampanimett it alrive
strong absor bent ter. h ab ti .

T SRt 1S rrin B AR B Sy avqisiips the

differ ept £l evali@nsevdhepl OM@Inghed lad$ tisddady itHo
an absorber and an evaporator section while the upper
shetpacahsestecvich gumerarItt bl coRieievaliief gas from

Refrlig | ON [ f i n o
enC S GFErLB o S e S R or by oyt taud
noteay @ik t 1 pl Empe@rigant woe sdags] cestrderon Heattlod reactor
evaporation of cooling fluid is suppljed by the flujg

LS DECCboF bR PR cRETR &gt B e RCHRRNERF by Ul
ab§§5§éign. The heat renoved fromthe EC-1 reactor

and/ or external energy are used to drive the
Ref ri gePa¢fonalthyttiygenevatorase RFeparabdy iheldested in the

integration systemis_us in . conjunction with a two

PRSCaE CabaTat b BV cEpar AR TRGE et Phasa it e T et to
si depdravel 00 phesEGhsReagt ol s1d@ didwtoeorgarfi@ntthe
providing liquid recycle to EC-1 and a second

coRpatt REAELRF oV EP Ny Bltfb phased fPRAFE CARRedMy Fer

Re Cifa SHEh-1hat the_{ R PBASE, fhoMdond gas-1iquid
EC? ggg or ?s stg%%e. %ré?ergg?yg?ie'separator gasTrdns
opewat psawet houtam &sqfiedd| el funtihdée segohdon in EC-2 and
conpartnent to drive the t

ROACYBF, DEAEF cBYTBVGFOF g | FEoT) LR of L PhuTe- FEVeR 17 EC-
bui | di-ngcup.andsih9odingephator is suitably present in a
side draw from the EC-2 Reactor.

Preferably the two phase separator comprises a
normally horizontal vessel defining a liguid space and a
gas space above the liquid space, wherein the vessel has
an inlet end space provided with a feed inlet and an
outlet end space provided with separate outlets for the
liquid phase, gas-liquid phase and gas phase components,
wherein the vessel further comprises an inlet device
comprising a primary gas-liquid separator which is
arranged in the gas space and a tilted return tray
arranged in the gas space under the primary separator
having a lower end that is located near the inlet end
wall of the vessel feeding the liquid space such that a

passage is defined between the lower end and the inlet

end wall, the vessel additionally comprising a
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separation vessel, and upsetting the removal of gas
fromthe liquid recycle. Vapour di sengagenent fromthe

WO p@paiogsesecycl e is inportant to avoid cavit ati PCI/EP20DTI@50743

reactor circulation punp presegft-in the EC | Reactor
liquid recycle . Preferably the two phase separator is

| ogated i {08 Sl der A afem trhe Rl Reretaand the
conprises neans to separate two phase gas-liquid side
drhcains‘mikbtettidm ora tmen EGA L Heactorvdntte alifsarsradd quiwd gas
phase co nent. for coolin dre l e, to EC I

ReACLD l,nnggs"é]ctokh ]g%usl-ﬁ?i %qru(lg%l actrhv\% lprhc%egt e S rsEm I T
foridwrd hetitaagtion 1gEG ek aogdse thias eyonhosent

as feed for further reaction in EC 1 or. EC 2.

A
sitre e raebaran crVesi kK tebty ot ddEhtou el Sb etk
fromthe BG 2 Reactorss Rieferably thet Whphase gas-

separator conprises a norna ori zontal vessel
defigquihg phdseuid: spacehansba ges spdce Tbmdhdherith

i gui d_(?pace, vvhergei n the v;ess»eql1 %s an_inlet e .
spat®iHT o3F deP WEHE R J2ed AR B anf GutF ey Vie 2
SPEGE1 HROVE 8-t i SRR Rtise oAkt Bdwed OF1d he dpapiglly
phase, gas-liquid phase and gas phase conponents,
whehaped t et YessedzEle t feth conpt | Sl am! itP et Ldevilke two

conpr i si I gas- /) Laul d ' '
COPRRLEL SR R QB LAUL & SepRCEl A aioF L e
arragged pRatbeogasespace under the primary separator
having a lower end that is |ocated near the_jnlet. end
wal | of ThRetyeskRRRSE cedPRER tRe TRYUPY Ipalef Hieh that

a F§§§§g@,5§7d§§éne@hpgﬁm@§§c18§eé0&£fh§@@—ﬁ@§séh§eparator
infet end wall, the vessel additionally conprising

adbseriabihyonncal singlaafprenchpite thequednspate. ofhehich

di SLL DULLO calmhng Pl ll 8y SELYERA S, Ui 56082050 BV ene
separator comprises a horizontal gas-liquid separator
comprising a plurality of baffles and a plurality of
calming sections to confer flow patterns providing liquid
removal from two phase flow mixture.

Preferably the CO, recycle flow is reduced during
turned down operation of the EC-1 Reactor to ensure good
gas separation in the separators.

In a further aspect of the invention there is
provided a novel separator for separating two phase flow
in a side draw from the EC-1 Reactor in a first
compartment providing liquid recycle to EC-1 and a second
compartment providing a two phase flow to a second EC
Reactor EC-2, such that the two phase flow to EC-2
Reactor is stable, as hereinbefore defined.

In a further aspect of the invention there is

provided a control system for controlling the heat
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entrained wth liquid fromthe inlet device
wherebyliquid exiting the Iiquid phase outlet is

w@a®0swes Preferably an overflow weir in the BCE/ER1007/050743

end space ensures that there is no liquid | evel above
the gasliquid phase outlet whereby gas exits together
with [iquid as two-phase ggs-biguid flow, for exanple
via a cyclone effect which nﬁy be achi eved via a

speci ally shaped outl et nozzle such as a conica
ndrlegrathent s perases depepinteforgy debiped seompyivsinex a

b F P ¢ A

SEARFar sty bECEbhORb i TG uplBE B487 8535 heron

Whviadlvedi sbkoses Bhé heaet plidse ss pravater s dges hs | Ngl o reg
im i ncj pl th tent f whjch

" CorDoHaREASFBF o} PRBS s DG I ePBFEoF) Pfand, to

Sepatabllee8nNPti SOt BoN I AN agasmbi Adt dos epE B &F,

conprising a plurality of baffles and a plurality of

c@NRYRG §BCcFPBRECT oVIbITRIrIIdRtpACE BPRSAPEOVI ¢ nighe
| SHOLRITBN of [0 LU PIARE i OW REXEYEErafl ol Qi Y
t reduce d down

he CO2 recycle flowis during turne
opaedeirahlyf coner¢ltl e r Resns drodasednsar begebabebare
sepaiatihon in the separators. In a further aspect of
the invention there is provided a novel separator for
separ aFunghenoaghaseade Dvarich feasudesdo vt he ocon o EC- |
in_a firgé £9 Nt _provi

R%ac%or . r S é§§rga . g%n?uliquig

r &¢yclfe FETETPOMNd- A Tehd ESnpart hEATUProvidi ng a

t worpkasentiny tomposa@cond-diciReactor ifCiRe sogtethads

thS tﬁo Ehase flow to EC 2 Reachor i, S stable(i as

héP&i REBFOIBERSFF bR TYPLEM @ HEFeABBREPTBfdehened.

i nvent ifANat REEEhéS aspect of the invention there is
provided a heat integration method and a control method
corresponding to the heat integration system and control
system as hereinbefore defined.

In a further aspect of the invention there is
provided a computer program suitable for enabling the
heat integration system and the control system or any
component thereof to perform the steps as hereinbefore
defined.

In a further aspect of the invention there is
provided the use of the heat integration system,
separator, control system or program in a process for
producing EC from EO for conversion into MEG, as
hereinbefore defined.

Detailed Description of the Figures

In Figure 1 EC-1 Reactor (1) has inlets for aqueous
CO; (2a) and EO (2b) and outlet (3) to separator (6) for
product EC and unreacted gases and liquids which pass

through separator (6) which feeds product fluids and
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provi ded a control systemfor controlling the
heatintegration system as herei nbefore defined
w@owpossBshng a plurality of controllers, ControPCI/BP1087/050743
and/ or control val ves wherekn2tthe controllers provide
signals relating to EG 1 Reactor |oading and Consuner

r%z&éée@&ﬁmf‘ 1d® @&@H@%@é&lﬂ{e C&{HE’@J% %alc,stc% 1) and

i nati on thereof, and/or to control ves
relgutml@@ D@miammnlmuldweastﬂm@owm ot ele atfd twiech pump

o7 DELT i ds or Mt or) et (At VR HeR e rore ©

adﬁ’@tﬂtﬁ angl feat wescodrt e CGmsfﬁﬁllSayrSt]QLrﬁe up is shown
corre ond to advant ages and features of correspondi ng
T SReRFRF el k i hetRbht@de gfedHel helt heated.

|nt egraﬂopl@%ﬁof tﬁéé Ief@éé@c?f tjh%tglecﬁ'f@ cld fs)

further aspe nvent 1 on reis OVIded a
hesd¢pa nd egd ab y ose Pt dnockr an@l) pxmes oto Md-hbReactor Cooler

corresponding to the he ration stem a
CoRET b Byt oAt Rer G abet o & et T e TTHE AT vith

aspeed rRbal hee i Iyept [ on mef@msuprroéfa@eé&&l U} £ h
program sui table for enabling the heat integration

sysbenarphdon hee Ephge bt 59t &md or (BRy. conpodm Gorkenf (8b)

ormih ﬂ d,
o PR 2 Do SR oD, SATIRETCPFL 0 o on
usenbéribei heat Loopegs pt L Onssyisl eenl wepar atdependatt ofW.
systemor programin_a rocess for rodu0|n EC from

EG-fot ReavEPSi BRI NtEC (58) nk? et M %%?%Qe &R egem from
EEﬁéLhe§? E'@569@r0§8£he15'@@I?SRéch$QUI§q&1§I%écycle

Reactor (1) ﬁ as Inlets tor aqueous

Temperature controller TC-1 is located on the EC-1
Reactor (1), TC-2 is located on the EC-1 Reactor liqguid
recycle (5) downstream of Trim Cooler (12), and TC-3 is
located on Intermediate Loop (9) upstream of EC-1 Reactor
Cooler (8a).

Control valve CV-1 is located on the CW supply for
EC-1 Reactor Trim Cooler (12), CV-2 on Intermediate Loop
(9) parallel to the bypass to Shutdown Cooler (8b), CV-3
is located in the Shutdown Cooler bypass (11), CV-4 is
located at the CW inlet to Shutdown Cooler (8b) and CV-5
is located on the EC-1 Reactor liquid recycle (5)
upstream of reactor cooler 8a.

Flow controller FC-1 is located on Intermediate Loop
(9) upstream of the bypass to Shutdown Cooler (8b) and
FC-2 is located on the EC-1 Reactor liquid recycle (5)

upstream of reactor cooler 8a.
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CX2 (2a) and EO (2b) and outlet (3) to separator (6)

for product EC and unreacted gases and |iquids which
w@a®g/083esDUgh separator (6) which feeds produckPCT/EPI00%050743

andunreacted fluids to the feedl rne to EC-2 Reactor

(4) and recycles reaction liquid as liquid recycle (5)

Wi th pufp_{ 7donthidn f18ate £XENANGRF_ { Red O S LMYE J@fﬁs
ar I ne

before returning to ECG1 Reactor (1) . A siml
upsignahowno aiCEC 2T Reactomyr)cdigs ivii tthiBCcladeeactor

ycle,is h d. [ 2 EC: 1 React | i qui
e (B LR by P A (Ot (i B qna cv-
Repctor- Coobetud Bedtes B th Reacd @ie Lol €1LdER) (9)S 4 sends
heat exchange with Internedi ate Loojg’e(ﬁg)a inturn in
rat

heatIexthahge W eh EB3orpt i Yhl Ref¥t G Un{ 13 { Yntrol
S @W—@Q&ﬁﬁuéf@été?%ﬁ? i@ Shuyt doyn_ Cogl erp bypass
(11) as a bypass fromlInternediate Loop (9) is

suppdnads wi ¢ hCV n2le pentl esmrGl 1 &G-¢s Relact oarC-TY iandCol €3 via

12).is located d t f EC | t Coo| .
(B ST PRt BT qurt T Coe 1284 o5 TPt g eee with
Copt Lol hed J&éeéssh%@aai@dt@rwh@. Btz 12 Regeh i dddes with
TC-2 is located on the EC- I Reactor liquid recycle (5)

dopist reearodr TH awGdorery¢hQ) (ShmhdGands $orea ksl on CV-
Inger nmedi ate Loop (9) upstream of EC-1 Reactor Cool er
(8a) . Control valve CV-1 is located on the CWsupply
for EC-inReastioeadrim&godefof 12)stef\klZ2e OIC-1 Reactor

I nternmedi ate Loop l(?9) parallel to the byPass to
ShttdpHR2 EdbF et S (BBY2Y EVERIL L2 Tt at BT Nt he Ehtk Aot

CoolgEeBASOER (a3 65 doEtemel LB ONAR oo
EGap, Recoperitgsi rimcyed el 5)lupsopeamaftheacentrol
C°9£f5e88v—1 to a desired extent until, at approximately
90% aperture, Reactor Cooler (8a) and Shutdown Cooler
(8b) will be operated by opening or closing control
valves CV-2, CV-3 and CV-4 to absorb part of the cooling
duty.

Control Units Y-1, Y-2 and Y-3 ensure that the flow
in Intermediate Loop (9) remains constant, by means of
programmed algorithms, whereby if controllers TC-3 and
FC-1 receive signals and determine as normal, they send a
signal to open CV-2 fractionally, and if FC-1 receives a
signal and determines as too high, it sends a signal to
close CV-2 fractionally. For example Y-1 calculating the
product of 0, fractional or 1 signal (a) from FC-1 and O,
fractional or 1 signal (b) from TC-3 to determine a O,
fractional or 1 signal (a.b) to CV-2, and Y-2 receiving

the same signals and calculating a factor thereof (l-a(l-
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Fl ow controller FC-1 is |located on Internedi ate Loop
(9) upstream of the bypass to Shutdown Cool er (8b) and

WO-02/08%33 ocat ed on the EC 1 Reactor |iquid reR§gUER2005)50743

upstream of reactor cooler 8a.TC- I conmunicates with
EC-1 Reactor and sends signals to TCG-2 . TG 2

communi cates with EC-1 Reactor |liquid recycle and TC I
and sends signals to TC-3 and3Cv- 1 . TG 3

conmuni cates with Internedi ate Loop (9) and sends

sikgal)s ttoOdl‘elﬁéexalﬁbnér(DJ thddtsio¥all, o¥-2 80gnd13to Cv-3
Control Unit Y-1 communicates wth FC 1 and TG 3 and
p LieGHAREeF 0ORFL NI VD Civiruni cates with FC-1 and

TG 3 Vig o¥r kofRdoPRESesCS) W elsO thit §he éﬁs*wY-n? EC-1
communi cates with TC-3 and passes signals to CVv-

FReagt@rmigicyatl e sramna bin ECn Faadt-od £ F§u2dr¢@@y*c¢@ g 5)
aqggﬁﬁﬁd%nﬁ'%E?E?migeglkhéi tﬂéqfﬁ%% HgaEan§§§ﬁﬁtié”Eends

system'the E Reactor tenperature is a
r e igned. t‘ﬂheﬂlo?;é:-tllvdéténakst:toempéryat upevensekgess tdie

a set-poi.n p at, start ,u erates_.Tri
Coo]lgenaF1 f) to%én#ﬁ% {E clo%t l@al'vétccf/gfld? Slgnani to
de&dred:ve&t embcumbhbllﬁt appr OXI mat el y 90% aperture,
React or_.Cool e %Sa and Shut down Cool er g .bé will be
oper at édI5¥ S0 B PRES oPPRYASi Yy CLohtFoled segiaBLon

C\s st 0@Vt Aet OnabHOLdn PAH tedift rohe 16gokENY Rélfdtor
Control Units Y-1, Y-2 and Y-3 ensure that the flowin

| it EREditare - LE6p! (D5C bR s teaRsrastrepynReankr@f EC-1

Pregyamredndl 8shbhhEE . w e &PEd-h ReAEESL! eLRpdauAnd
FC-1 receive signals and determ ne as normal, they

seIRFRPisitgnarnesabpea L\ Wdlado dRalk yTCaAdre¢eFes a

;e%%l&\ﬁgﬁt{ﬂgé' 9RBLt APAHEEEIMALS 13 £2Gubl ey d1 SENHP
signal from TC-1, and generates a signal to TC-3 and a
signal to CV-1l, opening CW flow in case the signal
requests cooling via Trim Cooler (12). TC-3 receives a
temperature input from Intermediate Loop (9) and signal
from TC-2, and generates a signal to CV-3, opening
Intermediate loop control valve CV-3 to Shutdown Cooler
(8b) bypass, and also generates a signal to CV-4 opening
CW to Shutdown Cooler. Simultaneously TC-3 sends a signal
to CV-2 regulating flow in the Intermediate Loop parallel
to the Shutdown Cooler bypass, and FC-1 receives an
Intermediate Loop flow rate input and compares to a
setpoint and sends a signal to CV-3, whereby Intermediate
Loop flow is maintained constant. FC-2 receives an
Recycle Loop flow rate input and compares to a setpoint
and sends a signal to CV-5, whereby Recycle Loop flow is

maintained constant.
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close CV-2 fractionally. For exanple Y-I calcul ating
the product of 0, fractional or 1 signal (a) from

wo-gdob/oseas O , fractional or 1 signal (b) from ACBP1007/050743

determine a O, fractional er234 signal (a.b) to CV-2,
and Y-2 receiving the sanme signals and calculating a

factor frheﬂ:%jre( |3 afd ks}@v)n ta%éiﬁtp%lrﬂrpq{é?frq eration Unit

fractional 1 signal to CV-3 which regul at es openi ng
of (10 Ivh Khowi £ onipwl e WGP @hsi®s ﬂdtatretrmlfnqavheat of

EC-1 Reactor recycle re ns t If FG

A oSt S el R B el L LY 155 5 1 0o
hi gk e Hhe $E0ES Posd 9n@ . tah £l nse B\Gibi d rqatd anadd Yoy
conversely if the si gnal is that the flowis too | ow,

i Lahs%@mtho@ wl%rc‘bfpwﬂ GNEE £ (Y | hataspeiyure il led
S e 0 t t
ORI TR OD il
TCGdnteckEloes (BC+enpet athur elediputqdtdm & | (Reagiagses
and, co ares gnth an EC

r

act t
setifdints gen ST PR ST T OB TRE AR
. gn%'s gyr eu}_bl_ SpEtahrom S driieast qiieﬁi??’éﬁbtﬂ&ﬁy(ﬁr@l@ndlo

rom , and generates a sign to TC-3 and a
si gmal atobxava$s 6pehi g SYWPTRW 9 Hs%’%lél%reatsughawnlt (10) .

SR Rrkd R L) T S 2o o

sigﬁ@épéﬁ@@hﬁcsﬁeaxandzgpn@mtes mppgmd amuc\cvs (25) .
openi ng I nternedi ate_| oop control val ve CV-3 t
ShTeHBAR2 B8P eF O BEYL bypass; ® ahtl HPSDHener a(fkéjsljaed liquid

S'QQ?% RQI;V 4,Q0epkng 8¥V£9a§@“$foﬁﬂséiféé%n Refrigeration

Si nu aneous y TC-3 sends a si regul ati ng
flmmtn 2Be hndecm@uateaLQSpr‘ahadzcb@tr@b mbvsh@‘t"dbmn

T o raedaey ?QaﬁﬂFg%%Ppr?ﬁ FY 5 gPanh b g TS ALE S0P
Refrigeration Unit is drlven by steam (24) and
generates Chilled liquid for Chilled liquid loop (21).

Temperature Controller TC-6 located on the outlet of
the process side of the Consumer Unit (26a) sends signals
to control valve CV-8 located on Chilled liquid loop (21)
downstream of Consumer Unit (26a). More than one Consumer
Units (26b etc) may be located in parallel to Consumer
Unit (26a) on Chilled liquid loop (21). Additional
Consumer Units are associated with corresponding
temperature controllers and control valves.

The Chilling duty of absorption Refrigeration Units
(10, 23) is so high that each may comprise multiple
separate sub-units that function together as a single
unit, for example any number of machines, in order to

manage a greater Consumer Unit duty.
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setpoint and sends a signal to CV-3, whereby
Internmedi ate Loop flow is naintained constant. FC-2

WO 2@ei08®35 an Recycl e Loop flow rate i nput and PGIPR208F050743

to a setpoint and sends a signal to CV-5, whereby
Recycl e Loop flow is maintained constant.In Figure 3
i s shown absorption Refriger %i on Unit (10) which is
supplied with CW(20) for re vi'ng heat of reaction
frominternediate liquid flowing in the Internediate
| oop (M. sCairkled, |tqgmdd@&ernevmr@ctl@yl absshptraown,

Refriggrati Unlt 1 Ly u
I osotpar%g IR%I% gﬁﬁérg nljih?l'gG(s%Z) . @Fégﬁpek’g?%?é&g égd
Catutaldwer CodCe4) (8, Chidhes 2) qus dnl oppréfidnppssesally
signal s to 3-way control valve (CV- b) on Internediate

L&tp Yupst ream of absorption Refrigeration Unit

(10) and atreBYB2SshbrR2ippfoahisiddti sosRetrigreatton duty,
Unit (10) . Stand-by absorption Refri geratl on Unit

(zgye |a§3@rfWéﬁnb§eﬁﬁH@®éﬁ@§?ﬁ Unidarh1034) SahB pReration
SURR ot bl 6251 8a TempeLaty reoRtEQl £8513C B1p S

on Chilled Iiquid [oo 1) downstream of
stRirgi-dsy 2ab9@epunoqorﬂeim¢@e¢mrramomﬂ|t (23) and

conmunicat es n
st eam (Eglz?)url n e%plo‘é? %gﬁ?/tla(%)sor pti on%%e%rlgggggglgg%on
Undytst{eZB)ofi $her umeenbyost mmo{r&&)oldnahggabeoapteison
IedI|U|d edll 00 1). .
einPRbF Lo reemp g "he Brbegaiver 3¢
thﬁenﬁfél%&%&eshdpuﬁfft:blﬁ CONBeNTRIf Wiidcec? bady s€ndsnsumer
SI nals to control valve CV-8 |located on Chilled

itd (2669 e2e) CABRALET enhibia ESPeT DRt P583§SS
W&nﬂé}%QuQ%eoQQméH”Eétﬂs@iﬁt§ (0D e BBYiBRak Ocat €d-7

in parallel to Consumer Unit (26a) on Chilled liquid

| dop qEEERte Agdirepyhare Cohsihed WHwig d1evassoepaswrer
\MdAléxWﬁﬁﬁQOE@Lﬁgmay be located before or after Consumer

Unit (26a).

TC-4 receives a temperature input from the outlet of
the absorption Refrigeration Unit (10) and compares to a
setpoint absorption Refrigeration Unit outlet
temperature, and sends a signal to CV-5 to open the 3-way
control valve to the absorption Refrigeration Unit (10)
or open the 3 way control valve (CV-5}) to the bypass (22)
if TC-4 shows a temperature respectively more or less
than the setpoint.

In Figure 4 EC-1 Reactor liquid recycle (5)
separated by separator (6) passes to EC-1 Reactor Cooler
(8a). EC-1 Reactor Cooler (8a) is in heat exchange with
Intermediate Loop (9) in turn in heat exchange with
absorption Refrigeration Unit (10). Shutdown Cooler (8b)
located in Shutdown Cooler bypass (11) as a bypass from
Intermediate Loop (9) is supplied with independent CW.
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tenperature controllers and control valves. The

Chilling duty of absorption Refrigeration Units (10,
w@3007/08563 hi gh that each may conprise multi pl BCT/EP2007/050743

separate sub-units that funetién-together as a single

unit, for exanple any nunber of machines, in order to

nafage F@eegffte@f efrlqﬁ)w.‘r L{”l'zt) dluét yld%a@é@f&dﬂ%tﬂéﬁnp from

down operation or shut-down, stand-by Refrigeration

UG- 2Byad¢tsof iCopesat i &n) ad Bhtit e tCool lekrqyi8h,recycle
Figgre 2 ) is in operation partially or fully. At

gr ter than approxi mately 50% EC-1 Reactor duty, the
absor pti@fpRefthgeranoro Ut 130)0 i s i To@peiatdontendc-1
Reactor Cooler (8a, Figure 2 ) and Trim Cooler (12, =
FiRraeter) (hre TG £Onbs nkRE RS 41 die BGQur R &nsl Lquid
op t i Nt egrat i t _ :
e Ton [ T T Chenr it R et T e
(1) cieapesat Ineeri€datreckives(d) temperedruret iBptt Reactor
fromoutl of process side of Consunmer Unit (26a) and
conPat®s Wih-a Consumer Unit process tenperature

outl et sgtppbNtyaand SENUS s Sl ed IV Toysa HPes B end
or regulate Chilled liquid flow to Consuner Unit (26a?

. Qv 7Trhy Becleratbd) bef'orel oon afn e rieetisatrrerbawe t (9

(26a TC-4 v [ t [ r th _ -
SRTEET the ShearpRren Fern Seralh aruret (h) a2 i
corpas esdt on atiset pritdoahsosple Oroyied $4 ger athoninket to the

outl et tenperature, and sends a signal to CV-5 to open
t hBeachay %BH??%W“V%@9%6¥O(%hE'a%%%r%YT%% i3 Tocatedon the

Re%éLQeﬁégéggrL@i&uﬁéoie9§c9@e@5fh@e@w@@ﬁ ROt KD ctor
valve (CV-5) to the bypass (22) If TC-4 shows a
t efpet at ur 8Ar especthwelTyimpEeober| €ks) (downstream of

bypass take-off at the inlet of trim cooler).

Flow controller FC-10 is located on Intermediate
Loop (9) upstream of the bypass to Shutdown Cooler (8b)
and FC-20 is located on the EC-1 Reactor liquid recycle
(5) upstream of reactor cooler 8a.

TC-10 communicates with EC-1 Reactor and sends
signals to TC-20. TC-20 communicates with EC-1 Reactor
liquid recycle (5) and TC-10 and sends signals to CV-40
and valve position controller XC. TC-30 communicates with
Intermediate Loop (9) and XC and sends signals to CV-3.
FC-10 communicates with Intermediate Loop (9) and sends
signals to CV-20. FC-20 communicates with EC-1 Reactor
liquid recycle (5) and sends signals to CV-10.

In the heat integration system the EC-1 Reactor
temperature is always regulated. When TC-10 detects
temperature in excess of a set-point, it communicates

with TC-20, which acts upon valve CV-40, increasing the
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than the setpoint. In Figure 4 EC 1 Reactor liquid
recycle (5) separated by separator (6) passes to EC I

WRemecHgIe3Tool er (8a) . EC-1 Reactor Cool er (8apCi/BP10n7/050743

heat exchange with Internmediate Loop (9) in turn in
heat exchange wi th absorption Refrigeration Unit (10)

. Shut down Cool er (8b) located i n Shutdown Cool er
bypass (11) as a bypass from | it er nedi at e Loop (9) is
supplied with i ndependent CWEC-1 Reactor Trim Cool er

( £2pwi shiouegh ethealdBarigt Copdefr ¢ EC-WheeatG-*0 Cedleets a

( in EC-|_Reactor liquid recygcle . e rature
c%ﬁ%yoﬁpe?xcﬁfﬁ &Y € 168aP8d"5n ?ﬁes%%?% S I%fl %f) open
TCv2Q0i shiokaiecraexsdhaheCflloReats othé i Titiind Joadyd ®ypass

5) downst f Trim Cool 12), TG 30 |
| dESPBALOR T of Lt e R0 B eof F TR ot EC

React ofrh&opl &% {BantermRalibek Yabye(SV-1Hd1vdyecat ed

on a bypass around the Trim Cooler (12), CV-20 on

| regueErdt MM FR R0 setacrel at blewelbypmass of a set-
gggﬁggwni€b§%ﬁﬁs(éﬂgign - 38 E£3okacayesh of 4 ot gown

er bypass at theinlet to the Reactor shutdown
cool er The 1yempewh tQre4(n dntecaeddaba kérp HQ) iReact or

I i_qui .
 REShTRESE opiet o BT RckBCa AR E S iy Kk e
t hesenlpbint, tit maad e signklowocopdm AV €30 FRabt iionally

| ocat ed,on_I nt er nedi at.e LooQp stream.of fhe

bBAEE L BCERRA Tttt YeBnf PhniERe S0 T Sgoa
t k8pkEC-1 Reactor liquid recycle (5) upstream of

reactor. cooler 8a. TC-10 conmruni cates with EC I

React of CafS S deali gifasd £6MFERS 01N 1Y Yombligi S&ttes

WpbRAnECok 1Reagd Of s adjusted by valve position controller
XC. Limits on the output of TC-20 and TC-30 are applied
to keep these controllers in range.

Figure 9 shows operation of the heat integration
system of the invention in controlling EC-1 Reactor
temperature. TC-10 receives a temperature input from EC-1
Reactor and compares with an EC-1 Reactor temperature
setpoint, generating a signal to TC-20. TC-20 receives a
temperature input from EC-1 Reactor Liquid Recycle and
signal from TC-10, and generates a signal to CV-40,
opening the valve in case the signal requests increased
cooling via Trim Cooler (12). TC-30 receives a
temperature input from Intermediate Loop (9), and
generates a signal to CV-30, opening Intermediate loop
control valve CV-30 to Shutdown Cooler (8b) bypass. FC-10
receives an Intermediate Loop flow rate input and
compares to a setpoint and sends a signal to CV-20,
whereby Intermediate Loop flow is maintained constant.

FC-20 receives a Recycle Loop flow rate input and
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liquid recycle (5) and TC-10 and sends signals to

CV-40 and val ve position controller XC. TGC 30
w@oousiedat es with Internmedi ate Loop (9) and XECEHRP2007/050743

sends signals to Cv- 3 . FC-1@8cemunicates with

Internmedi ate Loop (9) and sends signals to CV-20.

(Fgg&g% STl cRtes A BGrd Beadd of il deal e,

signals to CV-10. In the hea
i nilegretty cdesystemade HOW Reastiort aigmperaingtarits.
al ways regul ated.. When TC-10 .detects t rature in .
excess Bt 5 SHE poitit , ML LM EIS M Th oG Jgion Unit
whi cdy agt sciipod VEL V-0 h i r €85) bt hefdddWing heat of

through the Trim Cooler (12) . Wen FC- 20 detects a
f | %@ ¢ il @x clesgn ofntee wegd i it l 1quid enly i Gighdihe o

o] - i ch.increas i | i Tri
Copfg)rgl‘ce%%/%%%gé (ir]%% c |( éra?g' tecfs]%l ]ﬁ?eo%v %%luﬁ h(j Jt}ﬁeer ailﬂrélam by

Copb €sypt idherd f oigerat nbertrech at’ed )Laop Hsed kaf vidysl led
regul at ed, When FC-1O detects a_flow in excess of a
se%glp%%@,l??psé%ﬁé B0 STyt Wt veet dp g Temperatire
fragti PRl dy. (Thesd enper Bl ¢k Snddhi d 18 enddsli g3 e doppst{Sam of

is regulated. Wen TG 30 detects a tenperature in
exzlessrofianskefpoyeratien sémids 6l &) grassed Dbarm V-39

o R R AR R e W L AR E e S
COpEr@bsotpeisetREOr Nfepdt 16h 30nis a0 ustBUf Hyrerat vael

position controller XC. Limts on the out%gt of TC 20
anBr FE530° af e bppl | 88 TP kERP PheklRe IoT I &f<) i vk

ragggor £QHﬁeR§f§2$$?aQP§ﬁa@ﬁ99 ?fO}h@yh§aéontrQl unit (Y)
Inte 0]

gratron syste the invention in controlling
EC:b Reacteint enpenatamne. fT@/ 10nreges vasy acf ebper at ure
ingu% fromEC | Reagt oL a{]d conpares wth an EC I
Reatt br IEEfApEP AL UPet° ~8+-S-

Stand-by absorption Refrigeration Unit (23) is
driven by independent steam (24) and is supplied with CW
(25). Temperature controller TC-50 is located on Chilled
liquid loop (21) downstream of stand-by absorption
Refrigeration Unit (23) and communicates with control
valve CV-7 on independent steam (24) inlet. Stand-by
absorption Refrigeration Unit (23) is driven by steam
(24) and generates Chilled liquid for Chilled liquid loop
(21).

Temperature Controller TC-60 located on the outlet
of the process side of the Consumer Unit (26a) sends
signals to control valve CV-70 located on Chilled liquid
loop (21) downstream of Consumer Unit (26a). More than

one Consumer Units (26b etc) may be located in parallel
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setpoint, generating a signal to TC-20. TC- 20 receives
a tenperature input fromEC | Reactor Liquid Recycle

waee788eml from TC 10, and generates a si gnal PEDEP2007/050743

CV-40, opening the valve in case the signal requests
i ncreased cooling via Trim Cooler (12) . TC 30
receives a tenperature input_fromlnternedi ate Loop
(9), and generates a signal 4% "Cv-30, opening

I nternedi ate | oop control valve CV-30 to Shutdown
Cbol epng@hyr Bipdss(26aC- 00 F£hidle@dsl nictleopedi2at e

L . ' .NQI d
SBERLE LS Ko RE Bt s REBES o Rt SR " oo
f towrespomd iMai tegeransirantonttb Ple recaid/evnt riddcyallees.

Loop flow rate .i nput andconpares to set.,poi nt .and .
sonds TS G LS QUEVOP LuABPBERE HeRt \RE & 1SS0 LB P4 S
i 0} ap Ppdi £ oS trarh thatFegdhemdy | SonghowWe alaeriplieon

Refrigeration Unit (10) which is supplied with CW(20)
f SPPRERDY i TitP HEHt SofthadadtipehiPR okRIFRNG IS &t §1NPd6i d

TLAMNIeb P dend 1Y P duAber! 88Pd Hindd) il £ laQuicd
gener at ed byabsorption Refrigeration Unit (10) is
pasbade by Oredtexd Qanguimgr| Gopt (2uly ¢ T sififereptiial2e
( e tralyl -4 [
L%SS%‘S’?@ d%%s O(ralea rIZl’olfl %gbg gr éggo%%$$iégﬁug%@g %h%‘ri?l%{’

( 2Prrputeomrsarsi graistand Cadowr bhroaflver  Guktb@nidus of

I nt er medi at ap. (9)..upst.ream absor ption

RSF’F’?@%E%\ Tg%eL%rﬁqer(a)fd)OB anl?eligél ial pressure control

i s appht esk it tdye hypa@s slowd2ppef atabsorqat isdhiut-down,
Refrigeration Unit (.10) by a trol, unit . to

HEFAPATRY ot SO darAt DAL 4820 Lyt bionareLion’ and

r ehtht genat ¢ di (e ,f dilgare St ands byn adissyatilcdN partially

Refrigeration Unit (23) is driven by independent steam
(2%) fahlYis supplied with CW

At greater than approximately 50% EC-1 Reactor duty,
the absorption Refrigeration Unit (10) is in operation
and Reactor Cooler (8a, Figure 4) and Trim Cooler (12,
Figure 4) are in combined operation.

Figure 10 shows operation of the heat integration
system of the invention in controlling absorption
Refrigeration Unit (10) temperature. TC-60 receives a
temperature input from outlet of process side of Consumer
Unit (26a) and compares with a Consumer Unit process
temperature outlet setpoint, and sends a signal to CV-70
to operate or regulate Chilled liquid flow to Consumer
Unit (26a). CV-70 may be located before or after Consumer
Unit (26a).

TC-40 receives a temperature input from the
Intermediate Loop (9) upstream of the Refrigeration Unit
(10) and compares to a setpoint Intermediate Loop

temperature, and sends a signal to CV-50 to open the
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(25) . Tenperature controller TC-50 is |ocated on

Chilled liquid I oop (21) downstream of stand- by
w@bmaongtesdn Refrigeration Unit (23) and conmunPCHERR07/050743

with control valve CV-7 on #n8éependent steam (24)

inlet. Stand-by absorption Refrigeration Unit (23) is

dri \{Te& Y h ARVl d8d diiguing, sfor 1
Chdﬂ eoiﬂl i‘é%lle\gen}%@ogt (egrléfb . er%pélr ateur eld(%onttrlol | er T
TG-HBOrd-otatstwn & Hemadatumef ndwe grrecedsssisge rofinthe

Consu it (26a), sends _signals to contral val v

V70" Tt b5 i 1P i G (RER doiat D

of c Gansidmeig Uid1 (REdtor Mirdedhan eng/ 1GensiwmEm 1 tS1)
(26b etc) may be located in parallelto Consunmer_ Unit

( 2689~ or\GHil | 1relR i RIS ob#p)(rzﬂalquwhcﬁm%aq33> » gas
Consuner it \r i.at-e ' [

CorBLrat (T s ot rolTore nd At o 0 voat e (350,
Chidddmgt Tt tyedf tvadh serge ofil Refautgertat (3N UWmn tBC(2lReactor
23) is so high that_each na ris [ tipl
se?féﬁ’%t%h%‘”ﬂfb)-un?‘f%rﬂw%"f "f?ﬂr%t ﬁ;ﬂpta&égt%glﬁ“ﬂgg Z’asq%g‘? el38) -
U fecd O[3 EXFNPL Loty SHdIINnOfgdmcddas 1 ddi of derhd o

manage a greater Consumer_ Unit duty. The differential
pressor Bt v onf rat s appdm ebh gt t hel bypasseraies Yhodtket

operation d constant_flo t -uM ts
ab %Yjp??oﬁ?%ef?ril%e?}éﬁ%né%%@{gog ; (%%tsls ar {%édp Oémranmount
doyn @per asi ont o4isdditasowbb séandttly Refuidgefadm amlet

Unit (23) is in operation and Shut down Cool (8 ,
Fi 4eYECa J375 7 ope? e’ o R eh oF3 4009 fktﬂ‘%l.e A{)38) into

Or £24GL 4t BA0-aPPSoXT IRLELY; D08 &L | aeast Sindliids Hhan

absorption Refrigeration Unit (10) is in operation and

Rehtgoid Contieen{8as Faguseade) (Hhd. Thiad Cdogekt{ng outlet
(35) is therefore gas-free and exits as substantially
single phase liquid flow. Overflow weir (37) ensures that
there is no liquid level above outlet (36) whereby gas
exits together with liquid as two-phase gas-liquid flow,
for example via a cyclone effect. This can be achieved
via a specially shaped (e.g. conical) outlet nozzle. A
liquid level above outlet (36) would prevent gas being
drawn into outlet (36).

Examples

Example 1 - energy efficiency

Duty of EC-1 Reactor Cooler is converted into
Chilled liquid, this energy would otherwise be wasted.
The heat integration system of the invention represents a
saving equal to the duty of the EC-1 Reactor Cooler. For
a world scale plant this is of the order of 12MW.
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Figure 4 ) are in conbined operation. Figure 10 shows
operation of the heat integration system of the

WO pwengieeh i n controlling absorption RefrigerapCDRP1ONT/050743

(10) tenperature. TC-60 recei §&s-a tenperature input
fromoutlet of process side of Consuner Unit (26a) and

c S5 wWtha umer Unit process tenperature
OEM sends a signal to CV-70 to

oper at erro¥ JI‘nglﬂta]ICB'l Ghli lldved deaguipd fd dw depe@aiesuinmerperation

Uni (26aE?:9h]t Oorg:ayaﬂgeﬁj)ocat ed gJef rss or aftereé:lflc

I rkpl%cdnwaﬁ&& | ntrd v atree oo Pe URStIRAMAN ithe of EC-
Refrigeration Unit (10) and conpares to a setpoint

| it raveeli @it erLLromax ehserta umsu issfd S Isiqghala ey

t
Rec%e%?geé)a i on @}&(ﬁﬁ%{)%#@ e40a%ci1%\?ssaogsc?{ee%pée%nurbee no
nges d el ithe set@aisined rprotglanes Glues tsharsu i qitase

se ar at or (3 sing EC- I React ded
TEER ' Tt (b b L 19t 45l e A G s2)
&;\s/léfae %é@ut%ﬂ?@%&@c EG®dadieactor liquid

outlet (35), reconstituted two phase flow
ouEtzkmpIQG?) JfoS@iaQatR@actor (not shown), overflow weir

(37) a calmn ffle
st agnanf“%a%ma% u a? a??% L’Hj orél ?@2%"&[ S\alljgnlf F om
i ndeind3dd &8sSEPRE B eﬁep&amﬁtwmﬁm cEpd B)e Ainsh exi T squid

directly via outl et (36% An anmount of gas, is
ent 98¢ heth aSh®UBDE BN vt hE1 RRRP 3 R |kifﬂ‘é]tn%le:\‘/| ggparation
(3 n

A 2o b Ot 10 SR (O s ome
I i gui dhantdoent &r shgasespaaeoX 34Jhe Liepadhexy timgrefore
Obetuntea, pytetELRL ke GRe [ £ 20 4R &R needs a low

superficial velocity in the bottom of the separator. The

EC-1 Reactor liquid recycle inlet (31) needs to increase
in order to achieve the necessary capacity. The design
requirements for the vessel are a certain maximum
residence time and a certain maximum superficial liquid
velocity to ensure vapour disengagement in the bottom of
the separator. The application of these design
requirements would lead to a very flat pancake shaped
vessel with a very high degree of turbulence that would
lead to very poor vapour disengagement in the bottom of
the separator.

Separator (6) of Figure 6 meets the required
residence time in the liquid phase and achieves the
required gas removal from inlet (31) in inlet device
(32), the separated gas exiting directly via outlet (36).

Liguid exiting outlet (35) is therefore substantially



single phase liquid flow. Overflow weir (37) ensures

that there is no liquid | evel above outlet (36)
wob@rekis3gias exits together with liquid as twoP@ITEB®07/050743

gas-liquid flow, for exanple ypa-a cyclone effect.

This can be achieved via a specially shaped (e.qg.

g%sc-aéoﬁﬁeouatr{oete Pzl e Addiidlevel; phove oLl Shsuring

uld prevent gas being drawn into outlet (3
BExargd exC Bxanplat dr -1 ienerdyyresfifdla enop Dutry ogfera@d without
React or Cooler_is converted . into Chilled liquid, this
CRETEhF SOt LB A e St S o it SRS ParFh
sysstgm of d e d o J-eprRseNtS A Savidig al to
tﬁlzlcggﬂtd; aoéf rkﬁﬂhe EC | eactorcﬁ%ool er. For a \Aﬁﬁlqd scal e
plant this is of the order of 12MN Exanple 2 - safety
The invention all ows decoupl ed i ndependent operation
of the EC-I| Reactor and Consuner Units under specific
circunst ances. Thereby there can be no possibility of
EC- 1 Reactor runaway due to insufficient Chilled
wat er demand from Consuner Unit(s), and al so there can
be no possibility of Consumer problens due to
insufficient Chilled water avail able at start-up,
turned down operation or shut-down of the EC I
Reactor. Exanple 3 - Separator The prior art separator
(6) of Figure 1 is a standard gas-1liquid separator
whi ch operates on a liquid level in the bottom of the
separator having a separation surface area and
t hereabove a two phase gas-liquid zone in the top of
the separator. The separator therefore requires
sufficient height for separation and needs a | ow
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superficial velocity in the bottom of the separator.
The EC-1 Reactor liquid recycle inlet (31) needs to

WO pwressas i n order to achi eve the necessary capel/EP2007/050743

The design requirenents for-tRe vessel are a certain
maxi mum resi dence tinme and a certain maxi mum
superficial liquid velocity to ensure vapour

di sengagenent in the bottom of the separator. The
application of these desi@ri rrequiM érents would |l ead to
a very flat pancake shaped vessel with a very high
degree of turbulence that would |lead to very poor
vapour Alitsengaigersitati ot hey Pt dmofrantver isepdreattoraf

Separ at or of Figure 6 nmeets the required resi.denc
SRR Plore iy S oAt o i e el BT
reroyal g fromidy ety (e din dddetcdamins: ((B32)os thg a

separated gas exiting directly via outlet (36). Liquid
exdatagy ot |BIogess) (&r therdioimng sitbstrzom it | sqrersion
and_exi as, singl e | qui Q i ng

PRy o T G P e e D s SRS W R o
cavhd Béi 081 Subsd and i atdyodi0Polgest exidrs droget+tierRaddtor,
liquid as two-phase gas-liquid via outlet (36).CL Al

M 3 1In e Fee@ 14 He cefr 2R IO Sy stem® &OW?ﬁz%ﬂ“‘c}? the
re@&éé@$%ﬁé9@1@- ECa lw eact or aidul genst atd g v dd £6h unit,

liquid use by one or nore Consunmer Units,”ina
cadmdl ywh cclpr D essl f @pl orbouciond EBG fIroME@ frgdiate liquid

conversion into G wherei n. the system co i ses .
AU AT AL T B st Sl e R
EGsh i Re8ct Of o r affeh &t £F MRgli @i £1 LeopL phidy, is in

conmuni cation wth the Reactor Cooler and with an ,
absor pt #of Refhibbeat I bauifi toormtikgiRte i 05 UFeRBre-1ng

;8§%§9¥9H01k3§1&” gﬁ&?Q&@éeiﬁigHéda&@@fﬁ@f%ﬁﬁﬁ@fri@@ration
ption rigeration Unit being
Unit for use by one or more Consumer Units,
the system being such that the absorption
Refrigeration Unit uses heat generated in the EC-1
Reactor to generate Chilled liquid for the Chilled liquid
loop and Consumer Unit(s),
wherein the system additionally comprises a Shutdown
Cooler having an independent cooling source which is
suitable, alternatively or in addition to the absorption
Refrigeration Unit, for removing heat from the EC-1
Reactor,
and wherein the system additionally comprises an
independent stand-by source of Chilled liquid which is
suitable, alternatively or in addition to the absorption
Refrigeration Unit, for generating chilled liquid, to

serve the one or more Consumer Units.
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suitable for generating Chilled liquid, and a Chilled
liquid loop suitable for conducting Chilled Iiquid

w@enansiteadl i n the absorption Refrigeration Uni PCT/BP200%€50743

by one or nore Consuner Units34the system bei ng such
that the absorption Refrigeration Unit uses heat

generated. in t. =y gen i

I Fj_(}ui d pfg}éﬁeﬁ%ﬁeﬁ%%&%ﬁgﬁ%}ﬁ%ﬁop aﬁ:réﬂtr(fg;ngl?medrl%qm 1,

ghmrtegsej,n vd*}mrco | eﬁrrthetﬂmedsiyeeieemmndﬁiitricdnmelsy ac Grypraisse fa the
ut down Cool er_ havi ng .an i ndependent caol.i

WHTRSHE TR T (561 O A et et )7 67 S adth s Iy & he

ahsyptipn Rafrd geratdonditidot ot d emidtg digati Jo om

the EC- 1" Reactor, and wherein the system additionally

lcp‘%ﬁpﬁ_lfis%f_aaﬁni?fhdé’piefnd@ﬁ hasn d- P Sdurde ™TY EHRASed the

i qu Ul e ernatively or in addition

to%%%%\gs%{r]p%%fo%%?%lgoer} gﬁlg{n' Unit, for generating

(L:JPQJ I egqlrhéwtitqdj,ntt@gmm thestone arcamtiendCons Wherim 1 or
nits.2 . A heat integration systemaccording to aim

1 Clagifbri VR +ht GHees ot IR P fin an

f: fotsgfﬁPSP@ PLEON Refiigeratyon Unifcmhedghy: 448 of nediatdraw

ing liquid my be conducted to the absorption
Redmd getatidnrespycld of rdreathe diovial Rerctmy- bypass the

absorptjon Refrigeration Unilf. inte ti
SyBtem Adeardi M Tt St T breBas Tl S gl or
EG:1aReact ofo Coplwiiidls damat beks na anlatxliReast or

l'iquid recycle which conprises a side draw and |iquid
ree9Rt O FORFL he EYaReEEt oF . CANEI QAL nERt Vet St atForPT

Syﬁ$§g1@8§9£9.n@n%@s?@%?ngnoghé]é%ﬁ@&éiié&égprdW&&@

conprises a pluralit
signals relating to EC-1 Reactor loading and Consumer

Unit (s) demand, to controllers or Control Units or a
combination thereof, and/or to control valves regulating
operation of the Shutdown Cooler and of the absorption
Refrigeration Unit.

5. A heat integration system according to any one of
Claims 1 to 4, which additionally comprises an EC-1
Reactor Trim Cooler for regulating the temperature of the
EC-1 Reactor, located downstream of the EC-1 Reactor
Cooler and upstream of the EC-1 Reactor in the EC-1
Reactor liquid recycle.

6. A heat integration system according to Claim 5,
wherein the Trim Cooler is under control of an EC-1
Reactor liquid recycle controller which in turn receives
signals from an EC-1 Reactor controller, and sends a
signal to a control valve for the Trim Cooler CW supply
to control EC-1 Reactor liquid recycle temperature within

a preferred recycle temperature range.
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controllers, a plurality of control valves and one or
nore Control Units wherein the controllers provide

wGer@nass3s el ating to EC-1 Reactor |oadi ng and EBONEP2UBT/050743

Unit(s) demand, to controller350f Control Units or a
conbi nati on thereof, and/or to control val ves

regul atj f}%aocp%rr?éég%tqfor; @Q/s%@ﬂ %%%r@qqﬂgertoa@ciaqu tshe

absorption Refrigeration Unit. . A heat” integrati on
sgﬁtmm@&rmgs @ dnypaorte aafomdaltﬁr@ Trign £oolwhi ¢nd a
addi ti onal | conprlses an, EC- 1 or_ Trim Coal er_.f or
ST g TG CBmIRER T 11 e IO RedIGE LT he

| Q;Qﬁ{&%ldqmé eadBLfed hey BEGd b%fgﬁfstsoUMrftrroarl@d by a
upstream of the EC-1 Reactor in the EC 1 Reactor

| i fgfvl CFCél:tyltfPJeleIG upsA fedt Ginttdiy 4G on Reastterh cooler; and
accordi gfaq\% @éégqﬂ%&'& té}fel de £Cag) ecrhel S'rim

under- cont F of ~an React or qU| recycl e
cands ot edndvhiteh dantturln waelosd \e8s Siggrialisn fGarhean EQ4Ht is

React or con roller, and sends a si | to a control
T A i e st et st unstrean
Reaet@fe | 7 £l S SLYE] £nd ARBIAL A L0 Wit RiHE P dief arHe¥k the
recycle tenperature range.7 . A heat integration

SyisY € S coF th s th <l B m 5Reaq,¢m§? ey ibreegycke stream.
PYRase 9w e did i SOl Sl At R LOMAP S ANE I o

| ocat e he control valv

| acpd Bls i 0 t@e7bMﬂﬁ$StidhaKH&rdﬂmpxhimmgiéltwm phase
control |l er upstream of the ECI Reactfor cool er d g\
coPRPRT 2 VRF vECT sSERRER et Gt tY hePh i 2t T+ tHe afﬁlr# raw

Copl £ @H? E@E CRDL L oL Vah Ve f@r5&“%3%¢5@6%5ﬂ@”pi64f&1ng

is contro y a tenperature controller |ocated
doﬂmqtr@aneoﬁclaetd'rh?@ﬁ Cooh@ra apel eohnesemeartofnt heroviding

|?%3%ﬂg¢§%§€%2§%?%e %fg ég 8AgsEéh£e§§%orHﬁ?giprsuch that
the two phase flow to EC-2 Reactor is stable; wherein
preferably the separator operates without a liquid level
in the second compartment to drive the two phase flow to
EC-2 Reactor, thereby avoiding the risk of a liquid level
building up and flooding the separation vessel, and
upsetting the removal of gas from the liquid recycle.
9. A separator for separating two phase flow in a side
draw from the EC-1 Reactor in a first compartment
providing liquid recycle to EC-1 and a second compartment
providing a two phase flow to a second EC Reactor EC-2,
such that the two phase flow to EC-2 Reactor is stable.
10. A control system for controlling a heat integration
system as hereinbefore defined in any one of Claims 1 to
9, comprising a plurality of controllers, Control Units
and/or control valves wherein the controllers provide

signals relating to EC-1 Reactor loading and Consumer



8. A heat integration system according to any one of
Clains 1 to 7, additionally conprising a two phase

W@ epansices for separating two phase flow in a BCTHEPZOAIF0743
fromthe EC-I Reactor in a fiB6t-conpartnent providing
liquid recycle to EC-1 and a second conpart nment
pr.Qvi.di ng p t ReactQr
e e e T ase T o (o EE3 Reactor &
s tcadmibei; nathierrei trh qoreaffor alyldy/ drhe os epartatodr vedercast esgulating
without a liquid |eyel jnt econd artment .t.o
driRAF Heh \ﬂgypﬁheszsvrﬁt Yo & rR@élccfgc S SRy on
avQl g ke drl skaiaf. @ liquid | evel building up and
fl oodi ng the separation vessel, and upsetting the
réiovalUsd Qfastife driathelntegiad 8 ywisdeng separator or
separ r ! pcng,s [ e :
froorﬁlttq‘%oe E%?ﬁrt%gg%%éﬂ#%éa I rst goorfrrép?r% %n%n%rglvi |ﬁi\éb' 0
| i gupxbdesy cf @r trdd:dirandE@ fSeworid conpar tarvgmocess for
providing a two phase flow to a second EC React or
ERLOAG R MY &F%“t% Bifade f1 ow to EG-2 Reactor is
stable. 10. A control systemfor controlling a heat
integration system as hereinbefore defined in any one
of Claims 1 to 9, conprising a plurality of
controllers, Control Units and/or control valves
wherein the controllers provide signals relating to
EC-1 Reactor |oading and ConsumerUnit(s) demand, to
controllers or Control Units or a conbination thereof,
and/or to control valves regul ating operation of the
Shut down Cool er and the absorption Refrigeration Unit.
11. Use of the heat integration system separator or
control system according to any one of Clains 1 to 10,
in a process for producing EC fromEO or in a process
for producing MEG from EO via EC.



