-1 HEAT I NTEGRATION Field of the Invention The
present invention relates to: a systemfor heat
integration in a process for producing ethylene
carbonate (EC) from ethyl ene oxide (EO for conversion
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for use in the heat |ntegrat|oh 3ystem 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 EQ et hyl ene
glycol (EG wunit. 10Background of the Invention

EG i s produced by the rEEAR INTEGRAFTONpr oduci ng MEG as
the main product. MEG is predonm nantly used for the
manuf act ur e of polyester fibres, polyethylene

ter € Dto a Iesser extent, in the
15cool i n@héylgi@é@n@fmmezﬁoﬁehepé@@s Wher @ |stysE€ﬁ1V§§r APeat
antifreeze. EG is produced in a conbined EQ EG
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I nt q@eat keBm & iéﬁeegixﬁhéd 6969‘3?&:.5 dohvatiddbhy i88b i hono-
up into four sections: reaction and CO2 renoval
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G purification EO reacti on sec
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cat aloysks g@&?ﬁég@! &:CHRAr 2hor 8sd Ak 130Gk teRdana

pressure - ‘The reactions on the catalyst
pr odgb@ratesnsh dan s/ @tiydene ol yeeht (EGhivadti.s

ren?%&@gQ%und of the Invention

EG is produced by the reaction of EQ, 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; remcval plus EQ recovery; light ends
(LE} removal and EO purification; EC/MEG reaction and MEG
recovery; and MEG purification.

In the EQO reaction section EQO 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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steam at the shell side of the reactor. The generated
steamis used as heat nmediumin the plant. In t he
EC/ MEG reaction section, EO is reacted with CO2 to EC.

WO 2085635t em t he reaction is carried out i nP“ET’FB"Oms“"“
reactors EC-1 and EC-2 that aré tined up in series and

in which the bulk of the EO is converted. Residual SO
cangerferneduonr et, stmanc v ehtedhéehl asjtddaldfartheeaeaotvr The

the EC finishi reactor.. The E act qr,
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be renoved the reactor _via a |de draw and
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possible to integrate heat between the EC-1 reactor
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in the,-erdesh aaPerdaiord Real BVENYE ArdWQIRY Ic®oling and
provi ded a heat integration systemfor renovin 25heat
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Chi |4 efbd igqyi.d for use by one or more Consuner Units,

in acatalytlc process for produci EC fromEO for _
conver si dm itheosVEGMF &l &vl@éos%?e‘ﬁh%d?ﬁﬂq giegezated 1n

15 EC Jugég%féa%c@?%e{ St aé%g@er‘afcur_»snpaé@%ﬁq{ JhaRaBe

EC- 1 ctor nterme ate Loop wh Isin
conmeirimrsd ogp 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

20 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
25 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
30 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
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with the EC-1 Reactor Cooler and with an absorption
Refrigeration Unit, and which is suitable for

conducting WD 2007/ 085635PCT/ EP2007/ 050743 - 3 -
Internmediate |iquid therebetween, the absorption
WO2pI748363% i on Unit being suitable for gener aPCHEP2007/050743
Chilled liquid, and a Chilled Piquid | oop suitable for
conducting 5Chilled Iiquid generated in the absorption
Ref rMingeratdoatdnl 1gficl theeebytoaen ortioradbsCapsunar

Units,. . he st.em hei ng such. t hat the absorption
Ref FRJ&HIEF 8RR 1 te B at SR ot SF (9 T AECRED Rt 11ed
Reaqtigfuitip generate Chilled liquid for the Chilled

l'iquid 10l qo nd. Consuner, .Unit(s),. rein the sysiem
addi t i onQnggc‘gﬁﬁbﬂ%‘gél@"éﬁu%B&ng‘Eot:vagf]?gre R ﬁﬁ“éﬁ"tm‘?

i ndepandent 1¢§01d ngersaiiied Whi €he i sbsatigtaline Refrigeration
alternatively or.in addition tqg the absorption

Ref Mgér 4PFoRSBIPY , o3P BRoGi HERREaRT (Fohrhe EC- 1
15React Okhe systelNseMiEisRich thet Stisd esbsyighittibanal |y
conpri ses an I ndependent stand-by source of Chilled

| qlﬁe(erPéﬁtﬂgns@Htamsas aeebr AapeRRESA I ithealbrti on

to tfhe 2bsOokB! heRe RAfd icdANakHONi ki d, tdOMt e eer Al EATl iquid
chilled liquid, to 20serve the one or nore Consuner
Uni tleop and Copgumes ditiddiSdre Loop is suitably a

closed | QeRrePhefRE a3t drh @ g vl 9N FA/Iriisesl B Bhutdown
bypass of the Internedi ate Loop whereby Internediate

Li quiaeLeay hpainpver teiarendestbgpabing cioussas vhafbyap
by tgﬁiﬁ?%ﬁ%gOQ@t@Eﬂ%%&&%lj”br”&ﬁ E8ABE ok td R®e absorption

Internedi ate Loop. Preferably the Internedi ate
LooRdfirdlogdes ianbypiss fsfr teaoxhagr pedtonf 18f fahgeE&rion

Uni tp whereby I nternediate cooling Iiquid may be
con&hcteg to the absorption Refrigeration Unit for
heat reneval wberehy Pypaystefeadditionally comprises an

independent stand-by source of Chilled liquid which is
suitable, alternatively or in addition to the absocrption
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
Coocler 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.



30absorption Refrigeration Unit. WD

2007/ 085635PCT/ EP2007/ 050743 - 4 - Preferably the

i ndependent stand-by source of Chilled I|iquid

conpri ses an i ndependent stand-by absorption

WORPI7Y8I63T i on Unit. Reference herein to a st BRHERRPO7/050743
source of Chilled liquid and™ t® a stand-by 5absorption
Refrigeration Unit is to an additional, independent

sour ce amdetlrably hdte ilndepantait &5 Lamichr byt andrbg $6r

operat.i.on t rRLI | |
not &?F’?}) lﬂu%)%era ﬁ:gr?%%ngﬂ ﬁ%%é tt %ﬁaggr}rsrgnent
use abisoaped ahi Raf ¥ fgaiegiiocad UniﬂTh&em-GIldéea@nfeaangl 2r

e i,nternal or t t he Reac

Pr o ORRE Dt HEVERS IR AC o [ e A and by

5 Pr efaefsaaktb}tlbheRE&ﬂgd:imdbm Ugbol B s dmcaak:ledmnahn
EC ] actor liqui e COTpr .| Se§
i s AP OATF (P RS 1A PBFe hENEG T RizagPIE 88 2
15pkﬂﬁ@ﬁa5?yfBBEOpéxaﬂﬂdh'Mh@ﬂ1the fsdrpidiact @efrigeration
conprises from 0 99% nore prefer 80 to 95% of
Che triktartsr BaE: of 1 0dd 1 SRETHHECE cTybl A BPYEYS
proddemnkat Gegowaloradtaahn of ﬂegﬁew.n and cont r ol
of reactor tenperature. 20Pr eferabl%%the S emo

10 | nvent i o N€oRpT i sREAGLGH (PMNEEY™BY ROt ex;‘ernal

pl urd] idhe @kb-e0RbASEoMAIDIRT2BE1QNERSIETAN Qle@@ﬂtbﬁ:obooler
Units wherein the contraollers Erow de signals relating

to BEG pxtezeedr PBREFTRPOhINCoRSTHeRe TN SPodERand,

to CMUSQd &hS aAlr €Nt ctldH 1S qd Al réc ¥ iwkalchOBomprises
thereof, and/or to control valves regul at IE&% oper ati on

of tehesiSiRyddawnand ol bauithesolRet EPB ot Reactor.

15 Ref rﬂhgaefe&l:ta]bqn VALt recycle iR @habky- coORtdAdrelcompireses
cated: on th EC-1 Reactor; in the EC- 1 Reactor

||qufzgpqr é'@yé:peiwﬁf elp@;fgmxyaferably 80 to 95% of the total
reactor feed flow. The recycle thereby provides for

removal of heat of reaction and control of reactor
temperature.

20 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

25 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

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

I nternmedi ate Loop, preferably between the absorption
Refrigeration WD 2007/ 085635PCT/ EP2007/ 050743 - 5 -
WRRe7ABE3% he EC-1 Reactor Cool er upstream of PEHEP28EI/050743
React or Cooler; and/or on the ©mlled liquid | oop,
preferably downstream of the absorption Refrigeration
Uni tnandangpstiree #0-Gf REansuneCodlen (pptr€amt 0O thval REgl
are_blocated in the ut down_Coaql.er. .bypass. and. in the
o BPREEP R e Ty PRaaF et e S rind Sh e B iA ther
bypagsfetsblegidwaist reaies fiethatsbddrgtiidnf Refri getdieion

Shut down ol er; and/aqr .in the -.1 Reactor, ligui

oo ERE SRR IR OleCRESINTe i (a0 BPtEafdyBhvas, axe
a 10bypass Di die salsabphi 0boRef Hygeisat kaa Wi the
Preferablg the contrqllers f e. each progra ddéo

meadF ETBEHR e [aPartnE2Ed {a?%rﬁfbd‘-ﬁeoé FhgouRfeooter
reaglphs§PNVEr sdfN st theehtedifnqtiofuidt EIPRI €6 Uftes OF
flowin the Internedi ate Loop, flow.in the ECG1l
Rea€hBEAPYR P e PEY 8% ot B t B Gt lufE36H OF hd* &t | ed

Li quidyL0oPup £OMMAl @ tWichR BelESRALdtore c38tBeE NhndyWh tith a
send anh output signal to a controller, Control Unit
andPyPass @l cer rasarptient beFetfitvate Follithy of the
Shut downpLopl £1h1f +AW kBat PS118ESTdRAIRIE LPOYrMiRES o
flowin the EC-1 Reactor 20liquid recycle and/or
opef&BBBARSOR YW%G@&@E@LPBntReM@Ty@Cbt]P@ﬁuGEi gnd reactor
Pref.ehably; 8n MBASHLELE! REaLELAL | findedaRLBBNEE flow in

| oading and EC-1 Reactor conversion is selected from,
t enpbeafntermedintes Jicow, afidov| b the EC-dnBepstaprkiquid

25pref. F?Ql Yr L EIMRL ALY oF EhE ]}’let&%rigltzgﬁeLoop,

r
controflers are tenperature or flow controllers or a
contgiongkirenwi hlereofespegitd vpr et epabity arshttrobeadsat gputput

thes'gh%legcgo%oﬁqg%fgyﬂ lggnkkgfiqﬁféxﬁﬁd?Eg to a control
ten'pe ature contro ers én contro ers for the .
| nt eredwei Sberegolrts d c@ddogbphatherSBOgiownefpelarurglow in

andt%%o%hgggﬁégléégsioop bypass, flow in the EC-1 Reactor

liquid recycle and/or operation cf the absorption

Refrigeration Unit.

Preferably a measured value relating to planned
loading and EC-1 Reactor conversiocn 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 Ligquid Loop are temperature controllers and
controllers for the Intermediate Loop are a combination
of 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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The system of the invention provides an Internediate
Loop of Internediate Liquid to renove heat fromthe
EC1 - 6 - Reactor to drive the absorption
Refrigeration Unit with return of Internediate liquid
VO 20U f urt her heat fromthe EC-1 React or PCHERROPINS0743
Internmedi ate Loop is used in conjunction with a
separat e Shutdown Cool er in a bypass 5of the

Internedi ate Loop to renove- BC~1 Reactor heat in case

t he absorption Refrigeration Unit cannot provide

SUTdd fcie@t tsq@ﬂw the bBSo SN REE AL ferddtdbnduhOt with
renove the f heat of EC-1 reaction. Accordingly the

heatetefrnt pE E@qmﬁ@a@fcerlmdoé%g@m% tyrshgeeheat from
Ch'ér{ee%cl—'lqﬁééjc@&v‘h'aﬁﬁ FRY DR 4aedi 8 WL 1kNused in

Consuner Units in other Systens w thout conprom sing

or TMIANGELPR G Uik PasPBATSTe Ehutiern GRalaFoinon lypass

Consg PR @Ht&frﬁ@dla%sﬁbb?tf@'}eﬁlﬁwg Bt LReactor heat in
Enbodi nents of the invention are now illustrated in

1559 ithet RRSCFREHEr RREEHOSaLiort URDE (938 NP8 PEAYIRE

Exagd 8tidRe ESIHRS tehenei thredtngdigrd hldgtiat €3t femde
prior art EC/MEG unit Figures 2 to 5 and ures 7 to

10 th9 lfé‘tlllaf‘éa%n%cﬁcr?énfga%?l%eAﬁ@‘ai'djr"f&lé’g hej beat of

systingnd fOREM maYSbeMisdd ttla:epzsam@rmmnedﬁwﬂ 6
illustrates the sedgarator for use in the systens

t he'tiffeABYoRe RAGEANIYNEES M SePSHmeE S| F:Oeﬂ‘é‘i‘%‘h

Ut ii)ivdt)bén@r w@ﬁ&ﬁmg:oﬁl@l”remiéﬁﬁ ,oghehem@é:?efg bpéeailsash of
e an ext er na an can e or exanpl e

sea%eEF -3 ReRgees iox 9@%‘%’?%’& PElFFﬁ’m d and Chilled

li qmastﬁmlsuléawl)guaw inert, conditioned liquid such

as dem | sed wat [, Qr t he |.i ke. Suitah

ot ont EERAMPERGE S e ST REAPRoRre i Aghystiated'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 & illustrates the separator for use in the systems
of the invention.

Detailed Description of the Invention

A Utility or Cooling Water (CW), hereinafter referred,
may be any external water and can be for example seawater
or the like. Intermediate ligquid 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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and varies between a reduced tenperature which is |ess
than that of the EC-1 Reactor contents and an el evated
WO 2007/ 085635PCT/ EP2007/ 050743 - 7 - tenperature

WagMTosseds f r om heat exchange with the EC-1 RRGEER007/050743

contents. Preferably the elevated tenperature is high
enough to drive an absorption refrigeration Unit.

Sui tabbyrLhitd eshsvilgdind fcems henta dxchbngrchangetiie @Ed-d
5an Les n t I ' ' .

s o RELE TR Br PRy AT AL Ey hfibdre 4
el ey den@nytertat diré veesnol absordiriomn redirigecatigre Unitth

Conguner, Uni1.(s),. I n.one enbodi ment .of . the heat N
o SR bR Gt led 319 APTAR A oRes SFGHERe inuie
conthal Feried etuerhr al réfiuded eginpairataper ahicm d less
control valve tq the Shutdo ol.er__and _a_contr ol

Vel SBRBFTRIHT S RREBHEE dBet T ISRt LR SLevated
opt tenpetyrard tieaha tangi ghah henta Sehbngk Whth @drbumer
control valve for the CWsupply neans 15to the
shutBdWhStool er. Preferably the one or more Control

Units sepf énsidaildimeneontr the HateS nte@ge8ni 69 sdteem of
anount of Internedi ate Li EUi d diverted_ to the Shutdown
CoolkBf ARBERHETh A FAONE FRPB It lrguPl By PRI Hy

theyshut dowm £00| e Aol BHIBE thecdipivial vhavkerof tidt he
Internedi ate Loop. Preferably therefore the Contraol

Uni SRg}dgen deeslathansk feAPNEEOWHTRLY Sa PRERG &S hehR UFRRY

by @RQLESIA EESo SV 3n@S chhOBb i SRIPG ThidRHLECYUSBIRSL to
the extent of opening or cl osYllfgf of "control valves to
oYt Vs

t heaSRANEBMN Tt anda sgnbpet kg the €W supply means
meaRs tRe 286 MeaaiHicdRe rCoel8ferably tHR eher 8kl sotde

system additionally conprises an ECG-1 Reactor Trim
CooFeptiet Veius dndg at héorehper fUutedf vahEegcrq control

Reach@r amSht abt Vit nbhl BL£0R] §8id YiGRIRELSEE tRet he

EC-1 Reactor liquid recycle. Preferably the Trim
Shutdown Cooler and the amount of Intermediate Liguid
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 opticnally 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

liquid recycle. Preferably the EC-1 Reactor liquid
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Cool er and upstream of the EC-1 Reactor in the EG1
React or liquid recycle. Preferably the EC-1 Reactor

uid WD 20071085635PCT/ EP2007/ 050743 -- re
‘89 P 8858} is | ocated downstream of the Tri ny@%gp@?mggm
the outlet thereof in the EG 2B Reactor |i qui d recycl e.
In one enbodi nent the Trim Cooler is under control 5of
t her&ydl Reawttorolllequid reeytse doonstokier ofiftich Trim
tur [ f C.1 .Reac s
conceSTE AR JEAE EAMAC s therBBel Choagian, Higei
t her@cyei«ool er CWsupply to fine tune or control EC1

React or t o eﬁr%%&%snﬁ{'ﬂ?eer%ﬂ %OV&FEWE_‘ a, pref erd ectq:ol
recycle rE)ten‘perature range i'S Sl Tows the Syste
mai nf athe aEC-€l Lﬂaa@docobiqugd dret o oile cbnti:nliesr tWte.cEECJ.h

React or te eraturelg ase ar gﬁcre ver tbellow

a set'poi htSeTH%S *&958a7 ’ﬁ?“‘u% STt FSF °rp‘?%’f R

\I\helnﬂheeﬁd(§taemﬂg$1aﬂ.nsbah| eshtatola vlaQeat fon vhererim Cooler

arrbl nt 15 er s are | ow a erat ur.e
Fivreeshy B oang Taes frcndal, oS aceee e flgiG

t heréf&ym@o@ér@remmlreew@aneﬁ W |prereiiredl L-edycle

Preferably the EC-1 Reactor uid recycle controlle
al 6 EBRERLUEFS FRRGE -t B Rihe e i SVEPBoRo maintain a

Con&éqhiﬁéd%ﬂfidge@%?t fBit¢he Fitisdewe ROODOR&Ectdm a
particul ar advantage of this enbodinent the Trim

CookEFPREALIN® IMFLSASE BE PREESase QYRTngToPeleid EC 1

setpoint. This embodiment is particularly preferred when
the system is installed at a location where ambient
temperatures are low and the CW temperature is low (e.q.
around 15°C) 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 Coocler indicates further
cooling requirement which leads to operation or increased

duty of the Shutdown Cooler. Conversely if the controller



10

15

20

25

30

Reactor tenperature by virtue of its independence of
other units, whereas the EC-1 Reactor Cooler is able

to 25provide a greater cooling duty but with-less

‘Ereci sion due to its dependence on the Internedi ate
B3YW70863% 00l i ng. Preferably the Trim Cool er P¢BEF2007/050743
operated up to substantially ot ~approachi ng the

maxi mum CW fl ow, at which point the controller on the
EC in®Reeates ldsguicdodOnecyedw miownst r §hen BiutdwnGanler
Cool er, i ndi further [ requi.r.eme '

| ea g %%ﬂgép(g?&a%%ﬁloﬁgbrtﬂ?n%‘?e etg'&élﬁt%yggpgf h@%ﬂ%\/\%n
Cooferlexorw drypelspedf andlet oo maadlingr duWp continued with
2007{19859%3%]1%@2007/ 050743 - 9 - indicates |ess

cooli ng Ffequiremert, the Shutdown Cooler is turned

down or,Infarf Wdllternached evedirdnt Shatrdowsm £dolersd s
bypassed d the cooling duty continyed with,t Trim .
Crorrena e, il ERRAPP M0 et PaLkE 14 TocHted in
bypass Bymasd dfterTbype oot #kedifd ancadtioiowal weoritxrol

| ocated in the pas ter ss  takeoff. An

hQaTe CORat® CLRRAREE 351 DBe | Lr PR a2 dhE, TEH FAFiT  Jhe

t hecdht fd Lol Bfe ikheéheontiml comllare bypakbeidr ¢on sl leid by
bypass.is contrall ed 10a flow controller ugst reqirépr

b
of "PhElew. ComEaller NBBEERAN B WEnECsT BERTESRLCY

Tr i ME0SLEF rd NIl vieS a€00hE OT 86 dyb12rt eAPEE alsirdntrolled
controller | ocated downstream of the Tri m Cool er

(doRMse r eARBT2HHE FOPRECWHRT el aTRd o6y IpHBELFRBi Ms Thite

EC trReacsOlet | Qibvdisteedi! 6f SEHLPDint! BhkBESthe by-pass
15enbodi nent a control valve for the Tri m Cool er

suppPryO#RS note féqi Reacter cbiftisl 1y cEe: FtredRt orln this
| quhHohfryet & t@Mebat Yheve TS D QdiREOboLEr CW supply
particularly preferred for systens where the cooljng
dut ySofot heeqeinadcse epntsel o £G51 Rgectarylbiuite

Tri MeCool 81+ dripeiu2@ . aRH i 5 Nemtht et GREpEE: doienclypr
cooler”is 90%. This is because a rel qtlvelg hi gh flow,
of PrEAPTHeH ekoORYEASMBe W harat Hihetpodved Aptyedk the Trim

CookLBgelSi & eOulh F @A o ashbauy-de RERCHQim EAYLEr is 10%
recycle streamcan be diverted around the bypass) and
t hi gndvbhesdetyr rafsitde ERat Reacrciocdes €6 28%hi ofhide 1s

accyaubgkion ¥E¥H£ﬂ4@iyf59ph°E13%iéﬁ<¥¥¥m?606¥%kscwcwﬁn be
valv I CW

If there 1s no control e for the Tri m Cool er

suppleyjnteined ppedrerifed eshatophing ot reIquAPde (B8 e EC-1
Tri m.Gaeler ng&ﬁi A eMs RLaUM ?@H 1N %&%IQIH:'Eth 9r &Y dhe

very low tenpératures and possible crystallisation of

EC bwypass) 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 Coocler CW
supply it is preferred that the contrel 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 Cocler

outlet in case of low ambient temperatures.
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30the EC-1 Reactor liquid recycle streamat the Trim
Cool er outlet in case of |ow anbient tenperatures. WO
2007/ 085635PCT/ EP2007/ 050743 - 10 - Preferably
controllers and Control Units continuously nonitor the

WO280/8BH3§al ue and send signals cal cul ated t BCTERIOT/050743

the measured val ue to a setpoilft - Preferably a Contro
Unit as herei nbefore defined 5conprises a processor,
and a nekpeferaider conntpblend drde qunacedstnitshe

menory. bein rogr a d with software.designed t

enabPBEERROwF D dBIh Or o EBE FEI T ITD "ohe 20F coibaridnals

neagdil edlysbdieso stecieras thenpedsiitsd valuel ow si geghsint.,
erature.o

ith t poi I h 10f |
and opt i EFTFEARMGRA CORAEP) SRb(IS Jitg ARgrore affined

di sebapansys abaovdaisshel, ounti he meniqrot nindeal tentasll of the
sending a signal to directly or indirectl eguLate a
conPrOresaPLe. e mempiPet e REIVAIE DM Ehp Attt s
Shutidengn&Qot @reriblac itheapeot&€sdr 118 ERefetmophé ONedpy of
15additionally regulating the | evel of operation

: g
t he FEBPATARY HBGR \HIsEk JPALEET PRy s temperaghge or flow

embedigARNE fihen healetpaliadl 30108 Sy &9 @empBeature or
I nvention detects excess tenperature in the EC1

Readtler . r 8gdi PP Eddivt RERAFLeRdt b fuantifying any
| nt g3 ARAEBLACY ObvePlor2BloR €88 gkt hedivarat, dehgct s

di sturbance in or interruption of the Chilled liquid

dene@fadbpacensignal W GEspctiyury | Hfipsady ppoulate a

| nt iaRdbat §a iy dui £h,0fexbhie18DEOT ALd R RELE 89paLE Ofhe
Unit or in a third enbodi nent detects insufficient
heatShggderat fonlen athackdvatReblee ofr oo leni ppegonally

I w98 BRE R | Ofegf 1Yt 19452 TRLE1&re SIS lopgdRation thereof,
as hereinbefore defined.

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 liguid demand by Consumer
Unit (s} reguiring 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 controcller 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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shut-down or in turned down operation, requiring
operation of the stand-by supply of Chilled liquid to
Consuner Units. In the first preferred enbodi nent the
control | er on 30the Internediate Loop at the EC 1
ROR0076856Dol er inlet sends a numerical si gnaPCTEPHR7/050743
| nt er medi ate Loop Control Um &1 ndi cating the measured
val ue as normal or deviant, WO

2001/. 88563 bRETp RO/ OSOadﬁiatéﬂ fram ¢éheceetpspondstor
to or delatesfromth in for. e I hows .
correspB%%l ng Gt ceoxrgéessg ﬁg%‘grO% uerxeces i)éf%g?e?ﬁéuge’ whilst
conthel tentoolldie dmithentdtatreedicorE Jospr aasrtoéamh@f the

Sh | d | |
o SEHEIPHE o A L PESap S CBhe FOIUA T TRALERE: pEpael to
nor fthe OhtdenédidtaTEasw ednyadbleiniftorinedaapleagnosmeal or

nternedi at e Li l.ow or. zero-fl.ow, ntrol ..
Un|Peyééng?ﬁ2F$%ﬁ4iﬂal§|gn£P§ %ﬁﬁp%ﬁﬁnqﬂimﬁécgﬂﬁ?f@ﬁdlata
si gnakues ﬂl@@n:sﬁ aldresifgnal , the Cceoeiol W@lﬁevéaéiVJ.ng
signal s an glv ng a 1Qresu|tan% si.gnal he control
val ¥ermalt AEINH B rIREiGAE "B 0B %ﬁgesﬁ r?d‘gf‘ﬁ Shut dowpetant
Coolsgnk®, I 6gUESdivaMg AB¥iahs0sighdine a&nut;demng@)ol er

Control Unit which calculates a si gnal conpri si ng. a
f uncCESHATBRT t HEIRfRY itehithe GRRFrahVakie rfdsfhpahptermediate

Si g%lop 9P§§£‘9§gt¢1€e GMutdbahedosi&nalo reghebhelow, and

control valve in the Shutdown Cool er. bypass to
r eg@l&e tPnEbe ndlai el n Cqoilaxf FoRF ¥t t tswé}tlabmﬁalculates

COOler gﬂglnEbﬁ$fH§Eﬂﬁ'%Q@%Béﬂioﬁléwvﬁﬂbtd@%lant signal and
nterrre late Loo In a particul ar. advant age the

systtém @‘Bsuﬂa‘éanﬁv%lfﬁﬂadn and sRNds ek Tk aseeyFderal to
fOf tHN LAY QHS vme 201 @RV ahutaom tdss RS bybaast 2,

nor eover provi des snooth t errger ature control of
t he regulateadnvernediatice Ligpdd Ebev efx . tienShokdpHpwhooler

Cool gy &n%.lngmné &ShdtieShubaoys ﬁ@@lﬁ{t&m@%tyﬂ%g

theé\nterrre rate Loop wmth control valves In
bypass t dnt hepShuicolar Golaatagadthe 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 liguid 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 ligquid recycle
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25in the Internedi ate Loop. When insufficient cooling
is provided via the absorption Refrigeration Unit and
the Trim Cool er, the Shutdown Cooler will take over
automatically, via action of the controller in the
VE20p7/P6% or | i qui d recycle, for exanpl e detREFERIPOT050743
30t enperature. The action of Yhe conbined controllers
and Control Units will keep the total Internediate

Li el teier qukatinedi sonsicup ana wbel EGidpReaetrer Cli qui dhe
recycle WD 2007/ 085635PCT/ EP2007/ 050743 - 12 - and
t he? NI Pe§PEL 8  toop and will supply more CWto the

Shut dowyrCekeEecond emddtiiaatsacosft eabosdt neNthe Chilled
controller in the Chilled Li %ui d | ogg,from,t he . b
abskrPtichdorer Erger B¢ APIFRE 108 RREE BEOTRGREY YOt £8) the

NONEd et RASYE P OmdRd sk & alehBUreq vdEuhidilaedng to
Li qui d Loop tenperature downstream of the absorption

Ref fheititliled Uhppidnkoriteapsrahir fedStRddsrst oF 58e

beigﬁk6¥ﬂfﬁ%n %Efgggéfgﬂiod-Uﬁitcﬁhﬁe§9956¥%tﬂhéﬂmeaspred
deviates fromthe Setpoint, for exanple correspondi ng

or Y8beprass fedngenperat ek davdiaghy i hge nofpRespRonds to or

dev;j ti i 1] ed )4 qui di
Uni{i%g?é:% sengggagé?%gr?a#'t gogo%#?g?p%awn e oF
mai depres fddwempeoatbypabwlided iagsoppnpbnor deviant

Refr i i.0 i . ' ' .

L DHEIRI L by BRS04 B SERGUALE o), anc
15i sendase dignait épnedintrel edpye éepraintEn gy dadeT

to pperatiaqn of t t ' lLer a r '}gpne{ﬁr th
def]P RS |1 eaafp?asfgﬁgupgr&l%\% taé:g?nbgggg'sieﬂ% t en% ©
absappbipn RefRefgdgarabhotiinit nna tairnuasi detestathiash an
Consuner Unit denmand decrease r ol
exceBSFe5T odt i g & Ae b?%%a% Oo%ﬁtmg%%ggéf?i ggyéc?zlt?agns ko
Uni bpkeaticy dfo thedshiztddwipr&eil@nt atsi berefnbefore defined.

e GhOST AL AUBRLESE. oot HIE Bbohergn

whi gbfisgetation yianinndependeritoreder ghishppdysumer Unit

| ocgg%gn&ndé£¥%égg;lo%dc%g géda¢é¥§%ié}cessive 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
enerqgy 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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25parallel to the absorption Refrigeration Unit,

together with a controller downstream of the stand-by
absorption Refrigeration Unit and in comruni cation

with control valve for the independent energy supply.
WRSOWANEBD| | er detects a devi ant measured vall’G@’Eﬂﬂ?%ff"s‘”“
as tenperature 30greater thanld setpoint indicating
insufficient chilling of Chilled Iiquid and sends a

si gaabotptidﬂe mmgelravabueurﬁm ttchehiindepégdedt £ eneirgy in

sup te t.he. st an

S0bonbathiied tiknea7 1858k Yusei By GoDGRREF Fnit (). In a
Ref phgeighlon aidﬁtatntta@eChh]i.b piépiides lobwilngdi bigied when
Chilled Liquid |loop for use}ﬂ%}%b sumer Uni.t

par FPREF 4P RRAINCEEEhPESD qﬂﬂt eBCTi %?%F%ﬁﬁn?r

reaghbAN; RS £S5 <@l hawdi L abhea{T0md e Egoﬁlaea@ﬁp:rled
or 5when insufficient heat is available to provide

Chi Migdifi Bes ok SansymesnYukerdasiand -demand. By
provi di ngyapr SPROIHRY 128N aBebFhEs MR ideirh t 258 @nlt and a
st and- by absorptlon Refrigeration Unit within a single

Ref sitgafaby orbSyrteian RRETERRTHetPT (Uit WabBpry2c rale
100@%&?&8?k9ﬁ§B?QQﬁﬁth ehet 881 Fed 1RRRGHOLupBNeEad he

contro e heat integration system Preferably the
st apgebptabinderdrsienidyr pekhe | B Ufieaqterdr ROERT byhe

| ow hERsYr Bt fﬁ@fnealhqn%sﬁmoﬁ refﬁtténpn PEEQE%SBW the

prOV| es a cooling 15system which provides for
i ndependehy abserpiicf Refeigeratiendingt tenpgeidenrky low

|nde %gggg% CPOLE ol of the Chilled Liquid tenperature,
and“decoupling of the two systens at |ow throughput,

for exanfhe ptes¢mtr tinygntdbnt tbere brrelmrovgddear Aegooling

dOWnS 0 erat b? h eplé%nlgaeﬁe;f%%t bha ér?&énﬁ ‘E%?xt%%occ’{‘f the EC-1

oper ct re Specl i cal
reactor temperature, 1ndependent control of the Chllled

Liguid temperature, and decoupling 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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i nvention provides for integrated heat renoval as part
of a heat integration system and conprises two
different Refrigeration Units, an absorption

Refrigerati on Unit heated by waste heat coupled with

VA 20078888ndent st and- by 25absor ption Ref ri gePGHER07/050743
Unit heated by steam The lat}%r- operates in solo node
when the plant is starting up, shutting down or turned
dovite fanidyetrdacieni Sysoemagt echepbrayandiabl e Thomapheity,

EC-1 Reactor, and_the fornmer, als [ wh

neatT SRATRLeaBl et T cH e 1 T JBReGeRs ey FrefdiiBly
%a][ﬁlflec Worpdviant Rger Ddetdtd onnUalti b imeosiratd-ony when
efrigeration Unit | s capable of runping.the_ WO .
DOUFIDESGISBERFERB bY DRIAS 2019762 FRF [ 1ijut AEPg g imately
_SyS%(h%ndiItsi,O a%gﬁéoés%ggi@t}h@%iﬂ:apaﬁét ytadimbyexanpl e

in e range . to, o capacity. Preferably the, .
S A G SRR BB | L (1A SERnAROb RS SRR AR PRAE
EC- is ReadiratSohUARI Néa st Wie@at@E EbAD Reutdrd Mat elyining
550% duty, al one or together with the stand-by

Ref#F gkqsst itHRNUAPPIORHIR Y Y S%3ndVbY - RER iyt £356n the

UNi §nidSadvh @RRNAL 98 Sbetfadnathenrt Bey ESt gnRaaeingr hest
running at | ess than approximately 50% duty. In this
casEenia ISHAIISRATMEDR P erEnar P8yt PEnaptipalimped by an

si gohd s HeRh110r APy Blg IR £REEDE Snd BREHREATR)E i@ ion
rati‘onal 1 sed by an operator manually turning down the

st abil byl Rethe gaeapF sANThi 425 thigé ékeléﬁ?%rfwolc‘a@e 1s
thag ; syt %5390bbBgat &d 31 9 BRGOUBHYe OPS Alshion of
avoi di ng undue consunption of indépendent ener .
supphileperidantc epleiray gupylies for Wpﬁéﬁ@f@v%yp%siltﬁ e

Lo ﬁgpefp&e Hos101£085 UREL, Wl wcdanauebatufl: A

respec eat I ntegration at throughput of up
to 8eevapletbsityiceapavitly. reepadie thCheaRestegration at

I SHERRHe b 3500 gp aiitgs Bl b

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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20sim larly increases and approaches 50% and the

st and- by absorption Refrigeration Unit can no | onger

neet demand, whereby the Chilled Loop controller
downstream of the absorption Refrigeration Unit
WOCRORABESS an i ncrease in Chilled Loop tenper RFEHER2QHEF0743
t he absorption Refrigeratiom 268Unit is brought into
operation by operation of control valve on the
|nt@hﬂﬁdhﬁ@ﬁéﬁiﬂnhnum&breaﬂpﬁﬁnﬁ|ﬁf abeospandnby absorption

Refrigeration Unit. Accordjn S tdown Co

Con?‘FgFl?ﬁE"l‘@rﬁ;n é@lﬁepg}“ﬁﬁtf%i‘% rﬁg?{eﬁré%uaf Y 'to

{ﬁdkﬁaeﬁéh@h§m&iﬁm\wb|¢hqbe& I:chliq{.tCB(Hdp cher588oby the stand-
roug ut refer y an_oper.at or n I set e

set P8I APSBFPEHA &5 qlgﬁrEth Tiﬁjpg30§©%o¥PE?ug pu

dowpshi8aM:8% rd A& AL O Ehéoﬁeﬂ@cﬁiri@@a%teisOBffV‘ﬂ'xe rate of

2007/ 085635PCT/ EP2007/ 050743 - - her__t han

t he 186tpapft O%fstﬁ{@‘?ﬂaﬁassyp‘éb%r‘iﬁﬁr&‘?eﬁé‘f‘-gf’ ePatt on
uni t.dewnshe£am controller in order to force the

Chilled Liquid load to be carried the stand
absor pt i BACRet T ugEtoRTURPE . Egﬁlfﬁg%QHﬂFoﬁéﬁﬁﬁ?s 50%, and

5na'1lr'1%|re895.f1§0&ér9§h& %Jﬁ@h%@i@@'ﬂiq%%u@%fs the s@éem to

i NCrease t and- absorption Refrigeration Unit
contadtiwatenthe abS@RtéoﬂhB@ﬁghWa‘b’foft Bitc 2 Reapibrion

exc%&&?e@gﬁ%ygfdsﬁfggﬁﬁgvnglgeggﬂfhééﬁ HgydebﬁdtHEQQhﬁkdown

causes th temto 10 activate the absorption
Ref degdeat sot tné tabsomtdesi RebaigewpricinUndlt By gepdually

hi d
over, 6€xu%g|%¥3 Cﬁfi%?%ﬁdﬁ%ﬁ SEHBSO é?Byr@& aBdnkPLeam of

absarption Re rigera y gradually reducing
t he tChi labedrpk don dRemeeo:@rtnpol Pett desstimdéam of t he

5 absor pti ﬁ%gff? CLOGT 4 Lﬂ@,gtenﬁ%n%ﬁ ‘bl UHAR TUSBRY

> of the | Yon may be us
catalytic process that makes EC from EQC 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 EOQ, 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.



10

15

20

25

30

catal ytic process that makes EC from EO for conversion
into MEG Preferably the systemis used in a catal ytic
process for making MEG that conprises a step in which
EOis allowed to react with CO2 in the presence of a
NLUPUIBSE t hereby effecting formation of a PEIEPRYRH050743
sol ution containing EC, a hydri# ysis step in which the
reaction solution is converted into a MEG aqueous

sol ut i onpbyfayas D} WHeNn@CEC Raatber rgactates sol ahi tnlet
and a distillatjon,step_in i ch | fied MEG and

ot HEJEPTBEUEE AT et SN ot hES i Ay b rap Ry fefle mo-1
obt &eRedobr 08 £l MEQ aguears EO! ¢if i s dayedust EOl mikbmre
Preferably the catalyst is present_jn b bblg col um
r eadt’6M BoBETRLT I 1H 80 ELBLE TRt difiFapeq Coz rrom a
Prefraighy tbs Syipredsbs, opgtat vi Wolllitdopr O£6S Sa Pul
tenperature in the range 50 30- 200C,_nore preferably,

70 PrORGELnHOR cIp BTt diiy dogate TS Ers (eGFEPET hERYLY
100 yeclie. (YELROH108563aReE FPPROTHL Iht4Imedibte cooling

Preferably the EC-1 Reactor oEer ates at an inlet, .
t enpéiom and FhetBein fijpderd 213208 o miTRLRFOhging 2
EC 13 3830k0E1 1SaSHPRY | efiiRupBYr ehEQRE@r1 He244e0US g Y

m xture froma punp providing a desired fluid rate,
Cop faayale Slevyermrdgesdfpitesot  fenraapalesf0uri 3% of

{101 RUERIPLENEELD O dbdflaqiohednbbung 181 & oEEolprovide
Reactor Tiquid recycle (from heat exchange with the

| nt erersdicat ecedbhy ngpd dRrperdtuie FPREFGodier Eh&l so

fro Qr gui g ey j O K@t 1 rSiloa Bk Y
the%@%&g g? P%%%?%Orgo?ggggféb?#gtw corrplri sgs 50 to
95% feguletaspbe t B0pe r@Bepfinchfeasst ave ¥ detd FiCfle@gactor as
fl ow wher Lt t .ovi.de_r [ : 38

t e RETERos, BEFATE s VIRACA REE) nEaRbe 98y

Pr ef Brefid nattllye thiei Re@uoberShuggiowat €gober exrpbrtdieyTeim

| ncr S O \ie t?ﬁa§£é10€ﬁ¥§a§ 5e§sré§9€£ﬁ%r§¥#faa%t 50% of

def i hed, provi g a hi selectivity. Preferably
t he Reactury StfutdewAC€bokerctanrd t he Trim Cool er are

Capab ol LS IEE R Ad £R81nI0FS ol iy

heat systegnaty e 20systednam\s lvdospdr doep sgstemnt|igsdgding

looptﬁgséégqiﬂggc%gkn@ooler, the Intermediate Cooling loop
and the abscrption Refrigeration Unit. However it 1is
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.
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the ECG-1 Reactor Cooler, the Internedi ate Cooling | oop
and the absorption Refrigeration Unit. However it is
necessary to ensure that the EC-1 Reactor or the

Chilled Liquid Consunmer(s) can operate independently,
WRi2897/988i&cessi tates the different Cool ers aRHT/EP2007/050743
Refrigeration Units being opefdted as a closely

i ntegrated system enploying the two absorption

Ref ri geré ilmawdJfidugdi bhehetheatysteregfathenisystieinras

her |nbefore def.ine e, t te 4 0
heslnven??cEPﬁnﬁgﬁ %eslgpegg |%ﬁ#§ %%?FS%? ?Iﬁ%ég%céf
stabpenatﬂmm s UHe rédnbe b r& hde HGeld @éastbptby flexibility

decou n and MEG. sectj o S

D00 BASR IR0 PAEE0LaS LT JE RaPATFEERERT hat
theaayshem;@ftrt&%ppmeatnon @f ovidesekonnt bemédiste Loop
tinme three d fferent operati on_as

hor BERBLAS? i B PESE SO ari A SOPRR Befhg

heahnt@?ﬁgfﬂéﬁcﬂb|ﬂm@ﬂrkantnt6-Kéﬁﬁlﬂhé avebadyant ege
the a i cati on of cl.osed Internedi ate Loop provides

forC§H§BFﬂth%%IcqmﬂﬁﬁjF&FFon A snooth heat integration

i's inporgaathésx kleﬁﬁgtrta@leﬁegf\éﬁer&thamh@omﬁuaﬁti@m may be
conpetitive. The heat integration stem of the

i nvé’ﬁ?i‘féﬁeﬁa‘yl% anoﬁ'»élﬁ-gﬁQ CI-1-2 1) any Reipigeration Unit

abs isPih8iin REA ré1gerAtd QhibAl bpasatddOWh ithet Peiftiple of
whi ch operates on the pr|n0|p?e of evaporating cooling,

f1 ueyarPrpbingreaslirg fAaidnabr Y RF9SFULR 8BSorBRpEPtion

for ;thhenf Lukdrpdieffiakhy ¢eQiiNopfd Gy ﬁ@b@in@nﬁhuld
the absorbent 1s a lithiumbrom de sol uti on 15whi

a stisomgtabserdethe fahsogkeat. iEaz hl Hsowprenide solution
Ref Lhgehat 5og y&énf%ﬂ%&ﬁgﬁtt POr &k@&é;s Halhl abgsgpaion

different el evations. The | ower shel Is divided into
an &sseorberathen at?méx/m\paftléﬁsSémuerﬁWﬁ | énehalipPert

sheld; (G00SLo! 5) 0 & JRNCHALOLoARE ARNPNSLlvTHed into an

Refrlgeratlon Units for use in the system of the
i nverpsioghepr ehdram|gvaporator 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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conprise a single desorber only, not a nmultiple, e.qg.
two- st age, desorber. Heat of evaporation of cooling
fluid is supplied by the fluid to be cooled. A
ressure gradient is achieved by absorption. The heat
87885 om 25t he EC-1 reactor and/ or ext er REFEBHETH)743
are used to drive the Refrigef8tifon Unit generators.
Preferably the heat integration systemis used in
conBamct¢xnnsMsﬂabaetmﬁrpﬁas£m3ﬁnamasepatatosemg&nﬁﬁaﬁ)
fl ow [ fromthe E r|

2 SEEPR: L omsaena s e, B Hhe, e aomedp aray Jo 'dhive

EC-ﬂhanthtpﬁmm@n&l@@nparE@emthuururdlmgeaebywa¢ﬂmﬁxng the

flow.to a_second .EC.React or -2, such _that the

DhababR, 8, S5 1 BERE 08l iRt R Batot b %

18 seﬁ@ﬁ@tiﬁnlﬁ93$bab|andFﬁpééHEﬂﬂg/ﬁhberSﬁﬁﬁahléf gas from
operates, without a_liq |d level in the sec

conbarL M Genre - HaPPUS AR eaRBRAE o Fem £he Liquid
Reagboyclé hid elmpoarandi g 4Weid iclvithtaochi gui the exelctor
buildin& f and fl oodi ng the 5separati on vessei?]C {g
upsELEFILA IR PR BFSSFN Gk irimiid RPEGFaT r et Pt
Vapedeydisengagenment fromthe liquid recycle is

important to avoid cavitation in the reactor
ci r cul at PERESAR) Yotb€efto| APdTR SRATaReE LS 1PFiad in the

recyehe. qA0Pr efpl abley the ﬁé@cﬁ@%@xcﬁ%@ﬁb@i@és'rﬁeans to
| ocated in the side draw fromthe EC-1 Reactor and

conprP3E’teelifs Ahesseparal i Titkes drgusort et dfxyehe
dr apcout kehcof s O0Mrdke aFE1 s RepLd0fd 'p)hta%eacBin%§ﬁexlu‘: O o

phase conponent for cooling and recycle to
ReacpBling and oiRFYgaS- FPqELTL 1BRAGF Phade SeFPRANTRS-11quid

feeqwaoghéyétgl@fegmﬁ%%t iFQBg1 Bo EG & 1afad %e%ﬁl%‘aﬁﬁ EC-2 and

conponeht as feed for further reaction in EC1 or
EC 2. gAssPhsarcameaeatorsi feedi fabIfurysheseneathien in EC-

S'dq drawelsom the 562 BeaclO8r ¥ &fi8kaBhY LPEsdNO in a

p ase separat or conprises a
side draw from the EC-2 Reactor.

Preferably the two phase separator comprises a
normally horizontal vessel defining a liquid 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
iiquid 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 liguid 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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20normal Iy horizontal vessel defining a Iiquid 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

OYR PAOT/88S635r the |iquid phase, gas-liquid phasRCTERIOQTHET43
phase conponents, 25wherein TH§3vesseI further

conprises an inlet device conprising a prinary
gas-diisquiidbusépar at bninghiketffile anr fhgediquid spagas The

SPacs AN et bh! BB dhy Bt anged JLde 8agn, gas
spaceé un separator having 3l r end
t hateritwdioedt sdthehiquirt firmmethendnBét W&\hqﬁ whieeeby

vessel d|n he I| s uch t. S is
def flnéﬁubete\:i\{é l}’?he qﬂ ldogg {gﬁtigﬁl e % %%fgl'
t he RﬁEﬁBﬂab&QdEhlﬁWE&f%DWHN@ﬂEI$nngha outlet end space

W2007/ 08562?1P%ZT‘_11[15P2007/ 050743 - i) ]g%? ri b ion__
cal P65t FRE% hthe 19 dif 4 8pddele¥s °svter| &t P8R
calrmﬂqmﬂmabhbeeseﬁuféttWheﬁeb@ngageeﬂﬂwsgﬁﬁggﬂﬁbmawmeﬂ

d fromthe inlet device ere
oxi (1 eS| FRRT P S i 605G Hgiinele via a
SPr Etfﬁﬂ&ﬂiﬂey eameevemﬁi@wm/@ bel Bchhevedtdat @rs@eeﬂamey
ensures t hat ;here is.no liquid |evel ove

0 gas-FH4RFY OBFAEE BRTFRE WL dfy 2g5enesd Hpdindpe tvo

Wi t fpﬂasﬂawsrépa&at;w RERSOgAS el guirdrféowrdaierexanphe
via a cyclone effect which may be achieved via a

spec#%HQ%ﬁ Phepgpedt beki et nozzl e such as a coni cal

nozzle. The tWe-BHASE SGRAALY nEYYbLE OIPIdeSHE riddV Qht ex
breaker in the |iquid phase outle he

=
t wo-Pirile 6 89dr 468 wRACIhelisslgsppnadtpFee-phase separator
US- Bl eﬁnafé?rg“%% aWBifin £ $hliR8! ?1@ t bheecd1@%fts of which

separat or 15operating on a sim principle, the
cont%ﬁﬂE%QﬁoﬁmﬂréﬁeérEe¥%E%ﬂﬁbF§ﬁéaeﬁé?e|?F?ﬁﬁrabiy the

ref e 8006 ¢ S ebababkys t henSBRRAIMLAT gE9UDI4i$RF Feparator

hori zontal gas-I1quid_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



10

15

20

25

30

conprising a plurality of baffles and a plurality of
cal m ng sections to confer flow patterns providing
liquid 20renoval fromtwo phase flow m xture.
Preferably the CO2 recycle flow is reduced during
W&m@d"‘a@%ﬂ operation of the EC-1 Reactor toPERERE7050743
good gas separation in the separators. In a further
aspect of the invention there is 25provi ded a novel
separator for separating twozphase flowin a side draw
fromthe EC-1 Reactor in a first conpartnent providing

[T gl e - d <
or bt A TGP sy e et figke PunoRI A EA KSRBELsing
EC-Rluzaldfyt aht cee abierphasentirodwin bt FGRl/20Reant 1yl

i's 65fUHsewn@§ebﬁféﬂé“E%BQEﬁ1£@¥é ??gviéélﬁzgﬂéﬁghgé%% ing

aspect_of the invention there 1§ provided a cont
systefG-dr Reanton|ldasgnghent Gansume pUnitrisd gderand, to

sys&&mﬁmfsespb.efr&rr%ldeﬂiége%rcg%rhﬂmi% pkH{éPééE,V
of controllers, Control Units and/or controf1 val ves
whefd/or ke eontrd Velyesr mgulatingmeperatdpat phgthe

EC- dnieRphotobtadidig 2Rd SO05MTEbn Uk £ 4ierde TBR%ni 0.
5controllers or Control Units or a conbihation

t hePesfrerabhyl/ epnt i 1deasr are aopssdr ayhandingedpee at i on
of ddmnaut down Cool er and the absorption
Refrigeration Unit. Pref erabllﬁ\;[acontrol |l ers are | ocated

as her eifHBERBF AYEMtAEES Ak feehares R M ggesnhFml

f eadyprtRm ebriéepdrttbohd oy £)8sCoh8 e ekOof
advant ages gnd features, of correspond; ngcﬁcf:aorrponents
r ef S EFPPBOTI tFRIPOBRPER t U HERE HR ™ (THEeGPREFHN OF

systiEmheat heneeqfioncsgeténed hereinbefore defined.

In a further 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 EQ for conversion into MEG, as
hereinbefore defined,

Detailed Description of the Figures

In Figure 1 EC-1 Reactor (1) has inlets for aqueous
CO2 (2a) and EO (2b) and outlet (3} to separator (6) for
preoduct EC and unreacted gases and liquids which pass

through separator (6) which feeds product fluids and



In a further aspect of the invention there is 15

provi ded a heat integration nethod and a contr ol

nmet hod corresponding to the heat integration system

and control system as herei nbefore defined. In a
WP eMe08ssEpect of the invention there is provPEEBP207/050743
conmput er program suitable for &habling the 20heat

i ntegration systemand the control system or any
conpmmmﬁcﬁdmbrféuﬁdsotpetﬁe)rﬁaadienst epsE@as2 heramtnlref(dn e and

defi u as f h {wvent,ion
ther%eel Clpersovre 5‘}3? Hfg\g %f stoﬁé gLat% Sré egra{g) ith pump
syst €m @%emltataachan@atrtﬂ) s:y:slrermue peaxgr!mﬁdme a

processfar r.od g, EC from.EO ion into

e PRt ot B UBETT TR Dot & FARCIEECRIET gh 18y shown
5# he ﬁgm-@s R?(::Iggégn:ggnp Hmij&éul tlﬁga;:t:ase(ﬂe)ct:ﬁasel ; 11 eéfemited.

or aqueous ou e

separ atorIu 8- 4GP é @%u@tnmf?é dqﬂrﬂPé R G @)and

I qudsétSaMe?:h Hyaseph ba boig N Heprisaksr t6ogcwhiRdudtrad®ooler

product fluids _and WD 2007/ 085635PCT/ P2007/ 050743 - .
21 - (Rpdedtdd RRRGEAT toPtte B@ddrenalt Bete xiandeomith

( 4) Bk ¥R RS 1L68AC BPM A | 1A 1AS hbhE Uéﬁcm@@ qutchS)
np (7) via heat exchanger ((18§ to renove

101, bef o%%g?@t'mﬂ ﬁg’fFégEEat.Ll%a[E't’&r ﬁhgm?wrarcqqlﬁé? (8b)
up i Sosdraum 15ﬁtShE@d3wRe@5$IHr (tﬁz)pa@%t KM) tHi Sa GAfRAss from

recycle is heated. In Figure EC- React or
| i quirteresaiate Spopepit a%%osqfsplé@ﬁlawa%rﬂmpwkeg@s cw.
to Beelh ReatdQyr @Q@heéo&fgg (125~ 1 sReaeh0bd a8kt AB@) from

is in heat exchange with
EC-1 Reactor Cooler (8a) in EC-1 Reactor liquid recycle

15 {5).
Temperature controller TC-1 is located on the EC-1
Reactor (1), TC-2 is located on the EC-1 Reactor liquid
recycle (5) downstream of Trim Cooler (12), and TC-3 is
located on Intermediate Loop (9) upstream of EC-1 Reactor
20 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
25 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 B8a.
Flow controller FC-1 is located on Intermediate Loop
(9) upstream of the bypass to Shutdown Cooler (8b) and
30 FC-2 is located on the EC-1 Reactor liquid recycle (5)

upstream of reactor cooler 8a.
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Internmediate Loop (9) in turn in heat exchange wth

10absorption Refrigeration Unit (10). Shutdown Cool er

(8b) | ocated in Shutdown Cool er bypass (11) as a

»ypass fromInternediate Loop (9) is supplied with
IREpEtiERt CW EC 1 Reactor Trim Cool er (12)PCiTgP007/050743

| ocat ed downstream from EC- T Re&act or Cool er (8a) in

EC-1 Reactor liquid recycle 15(5). Tenper at ure

cont r ol | 8- TCGdmwmiumicmtasedidh Efel EBactRaaendr s¢ngs

TG E

donsdPratth o B dSoreroifeants Wity ReokESbs)

I nt édaeddarecyolp a(r@:) T@pit aednsexﬁdi@ﬂgrﬁdactor TC-3 and CV-
20 I 8a) . . d
OSSR Kigh, YPH{FrRlabsl 3-SR0 e gF ronas
on Isigendediat ehisomon®ropanaitel Ytio t}h@ kyda¥s3t oControl
Shut do I 8b CV-3. i t th Shut d

ool Bty ploeStm s, wishoer of el 1o RBA R PRFEL

t o Shardownt&oov-er, (¥312) canslufiedtes dxnhaweéloanﬁhEC 3 via
EC_% eggtOé?%%?UId re gkg ég) uDSH%gQ &ogﬁgggéa{es with

cool'e

I nt mdaaaepé@m s1gnals( 9p upsd | epgnDfcohenbypass with
Shut down_Cool er and 30FC-2 is located on the EC-1
ReaCor RPAGFET rEqitik r(egycaﬁs{?ba?ﬂ%fsmcf’&gneia & V-
8a. 5 WO 2007/ 085635PCT/ EP2007/ 050743 - 22 - TC-|

conmuni cates with EG 1 Reactor and sends signals

to
TC 2. TCi? EBRMRFARcHESIPLACRCEYSRRMENS BHG quRgactor
r ecyeh@eBdufe is adi=SaNdeqgaignals wien' @c3 1aadt6¥td .

TC-3 communi cates with Internediate Loop (9) and sends
5si IPAPSTREUEAr B BRSSP IuRi FEE1RQINY. Zyé’ﬁ&air ¥ at start

Contypl lgnbbe;aée@fmrn'c%&@% W2 N dent N EnhECednbhel

passes signals to CV-2, 1-2 communicates wwth FCG1 and
TC Falive WVilahel pAKTIesl GHEPELL DA 3 2taR@PIogimately
CO"WH%'%%E%%u%@trRéZEE%ﬁ”@%o@@§S@§a§|éHE“Shdﬁ@oGM dooler
FC-2 communi cates wth
(8b) will be operated by opening or closing control
valves CV-2, CV-3 and CV-4 to absorb part of the coocling
duty.

Control Units ¥Y-1, Y-2 and Y-3 ensure that the flow
in Intermediate Loop (98) 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 0,
fractional or 1 signal (a.b) to CV-2, and Y-2 receiving

the same signals and calculating a factor thereof (l-a{l-



10EC-1 Reactor liquid recycle (5 and sends signals to

Cv- 5. In the heat integration systemthe EC 1

Reactor tenperature is always regul ated. Wen TC 1

detects tenperature in excess of a set-point,

tWRPYANEY3Sat start 15up, it operates Tri mCool"é'F’Eltzi!‘z"j"sm“i‘

openi ng the control valve CVv-1 to a desired extent

until, at approxi mately 90% aperture, Reactor Cool er

(8a) and Shutdown Cool er (Sb% 3W || be operated by

openi ng or cl osi ng control va ves CV-2, CV-3 and CV 4
art_of the_c

t
ni (&)1 £BYase Gening” 3 " AT SREFL Vo, 1 paqrrh to cv-3
I nt ewmm:ah aégulax@ (o@)enmgwms:veenst ant, by nmeans of

progra or|t i f cantrqollers TG 3 and
A O EE T e R L T S S Bl
sentReactBrs rgqad:let xemptns Mtﬁahactlﬂﬁ&ﬂ-hy rea@ﬂves‘ a

F 1 receive nal a hes, a to

5 sendstape 3 gl &fte 0S8 %f‘tzet;h e e Eb‘?h tm?ﬁ?ds
Y-1 a:adlgnlaat tocldse pveﬁluﬂaaﬁloﬁaliyaMdn&aaheby J:If the

sig ) Lr 5 ciional, s (b
ronireed ¢5 BREERR, 8 oto AT NeE G Pephe 1 inat ko
(a. bypero CRYS 2f ramdoMallyecei vi ng the sane SI gnal s and

cal cul at 's‘igug e [P GRs! Bg%:.eaﬂfio 1t é(élhef l}ea% gé‘%ﬁ J.ﬁ)‘i)o

determ n fraction
10y eguseiites ofetiirdnykenEvos. 1rFIc@wtc@1ﬁxrm [E€r1FRractor

ens hepf_110 C rﬁrg?,j -
cong&%ew@%r%:;rg rle\ggt:gle‘gé;a]a %ggﬁé%tl{ )éﬁ{jg%m nesIETE !
t hatReasdor| and i eempgaeri yhth jan E6ndsRenafiognbpmperalivise

CV- 5sdiiatht ONGdrlebatiAGVET SRInNal tol P& 51 @dab kécélhaets a
thefIOW|stooIow 't sends a signal to o Cv-

f r actSmFEREYLS F‘rr@lﬁte fyom et @ﬁé?ﬁ?? dri i at %ch'e]ﬂ and
151 Nt eQiMal0ORrom TC-1, and generates a signal to TC-3 and a

signal to CV-1, 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

20 Intermediate loop control valve CV-3 to Shutdown Cooler
{8b) bypass, and alsoc generates & 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 Coocler bypass, and FC-1 receives an

25 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 Locop flow is

30 maintained constant.
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10system of the invention in controlling EC-1 Reactor
tenperature. TC-1 receives a tenperature input from
EC-1 Reactor and conpares with an EC-1 Reactor
e%er ature setpoint, generating a signal to TC 2.

07083635 ves a tenper ature input from EC-1 REHEP0TN50743
Li qui d Recycl e and 15signal fE4nTTC-1, and generates a
signal to TCG-3 and a signal to CV-1, opening CWfl ow
in case ihersjusal3 Aeqabstvs Tuphimigoni BeTfrigeCooier Unit

(12)é nggﬁvrg%éﬁceé 5%%?&8”9%@ e(fé}ogp‘ft%f %S%V%Ing heat of

I nt 2' L60 and signa
geneeat:tesom Brgmdinteemédi 8t e oleniiny f20kWhMhgr imdilad e

| oo ont r vaI e CV- oI er

by oReE8BEe! atd neBeYod Lo SlEd WhurBoalhat SBda by
to Sbsbdptz\mmmgﬁlawbhammsd1}0)T(1'253paeadd lay SCgitaled
to gv-z.re ulat flo |nthe nt er.nedi ate Loo

o St B (M e B g Ve 2Ba2) an detieshature
recebmesmneﬁSrm-emrmdl aheM.wpnfdnw rlaablp EIDLCJ:\t/pﬁEEs

(040 ares_to a ol nt an na (0] -
oBaeRT s R s B0l Al Bl Bnn LBt R iate

FC— 2obECedy egp T dIALC YE| Qbé@@ﬁtfdr@ﬂdﬁ&h@ekﬁﬁﬂbn aumdlt (10)
onpares to a set&gﬁnt and sends a signal to

\/\hePQByaFee]EX/E?%S PEAPFITRE AT ag™ EBﬁ%‘E‘ a‘i‘ﬂlt (10) .

WO g@@ﬁﬁoﬁ§6§5§§fﬂt&%&0@3f95@3ﬂ§tron4Jn1t (23) | ps RiEiken by
3 is shown absorption Refrlgeratl on Unit (10) which is

suppPABREFERNt WEERD)(2Adr 2PEnbYi HPHSE BREReER! (2 -

f r Ol‘l‘b}ngfe%ﬂﬁﬁé %&dﬂoqllleQ Tt oy 19 ldbatt@%l bAt enetk @t Biquid
| 1ed liquid generated by 5absorption

Ref rliog@r é@ibrﬂ%m%tr@fm of sspardehy BPSCAPERen Refmigeration

| oopnE2l)28p m%nQEhEeg%ﬁh kRR1abHI 6e CV-7 on
Controller (TG-4) on Chilled liquid |oop (21) passes

si gAarspepdgohest adht(2d) dalek. (BRGY- bcyn APEPHESR at e
LOOI@e&%}LgHPﬂ{&@mrﬁft absor pti @pi F&f idy0etakhonz2 i dna

(10) 10and at bypass (22) of absorpti'on Refrigeration
Uni wepegptes 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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St and- by absorption Refrigeration Unit (23) is driven

by i ndependent steam (24) and is supplied with CW

(25). Tenperature controller TC-5 is |ocated on

Chilled liquid loop (21) downstream of stand-b
WOSSPBPEA Refrigeration 15Unit (23) and conPGh{ERZR0&E50743
with control valve CV-7 on independent steam (24)

inlet. Stand-by absorption Refrigeration Unit (23) is
driven by steam (24) and genemates Chilled liquid for
Chilled liquid loop (21). Tenperature Controller TC 6

| ocat ed gn Jdihe Qgﬁl &ty 20hNEpd¥a48a50 flgﬁ;@fdoune

Consuner Unit sends si gnal s to control val ve
CV sta@@-ah:«edteémmﬁﬂm |Urnqg| 23lods dr1yperamionr aath of

?HH@{!{O»@E oot P2) g Mafs u‘i:ga@% ONe 1 FOBSEFR i o b‘éﬁ‘t(gfpy

l"'ocated i'n pdral to Consuner Unit (26a)
on ehi o8-l i quid | oop (21). Additional 25Consurrer

Units arg assqebat %mawregiﬁm@@gggséqm@a@w&eduty,

controllers and control val ves
abs&hpt #Qﬁprméﬁprlg’é?%mmamptl sUnigp (193) igding @PHFQHJ-OD

thap,gagdhdty €85DEE SFBW'FE&;QJ:@ 2) and TSEPAMEGr (12,
sub-units that function togéther as a single 30unit,

for Fégunpl® axg huneatbigednaeeidHe®n-in order to manage
a great eﬂ‘:.gCﬁ‘@U”’Eﬁo@'Jpe@Hﬁ:Yon 6f 4he héht SirddgrdRion

turn down operation or shut-down, stand-by
Ref BY§E#BQTorthenivversgion 4nj ﬁ°’btpré?]étlf‘8na%srfb‘9§ﬁ8f‘dom
fCOOhSEr{@éhatEbﬁUUﬁxQ) (109 itBmpeLstAldeQNTPA tictidiyesl a

tgmperature 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-7
to operate or regulate Chilled liqguid flow to Consumer
Unit (26a). CV-7 may 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 (Bb}
located in Shutdown Cooler bypass {(11) as a bypass from
Intermediate Loop (9) is supplied with independent CW.



5At greater than approxi mately 50% EC-1 Reactor duty,

t he absorption Refrigeration Unit (10) is in operation
and Reactor Cooler (8a, Figure 2) and Trim Cooler (12,
Figure 2) are in conbined operation. Figure 8 shows

o er8981¢30f the heat integration 10system of PEREP2007/050743
i nvention in controlling absorgfion Refrigeration Unit
(10) tenperature. TC-6 receives a tenperature input

f r onEQut | ReacforpTadesSosiee 0F2)Cdmss loeat i doy28a)eand rom
conpare I i ess t erat ur

out | g% ge%\%%&ncir ggseﬁdgpal%%co% eac%597hl%ltu§ recycle
oper &abke. or regul ate Chilled liquid flow to Consuner

Unit (26 nay 0 fore or _after
Consurreraiffﬂ'l? ]iafélg Y cBfer SR TdCFCE' el 8 ggga%eg on the EC-1
5t enpReattse mputrcf—nzorms heocatd®torofthehgcabsrepticn 1liquid
Refrigeratio and_conpares _to Oset i nt
DSOFBEY 1 FEPr HseraEPBAR N (Com (018 mbehr (I8 Thrpo 1s
sendsodaté@nert IrdeMelibOe OPSIb 1Y FpsAYeEANGE ofc VRl ctor

to the bsogé)tlon Refrigeration Unit (10) or open the
3 wayCebrtr6i2\al ve (CV-5) to the bypass (22) if TC-4

shows a tesperfcl Wal veespett i vl Yodite@ 8h heb$ ﬁ)géé hewbund
the set poi nt . ure 4 EC-1 Reactor uid

10; acyERe TEim Sastes ddZby CBRR o fntermadiete eprd)
Reachoka 001 &fo (BR) byb&sd R@as}tﬁdo@@lob@)blé.galabﬁ, idv-30 is

heat exchange with Internmediate Loop (9) in turn in

heat legehetgen iiteh SBOtEpYBr pRe AT F‘Qé‘ﬂ’lalsﬁeﬁﬁt Foe imdgt to the
(10) Re§@9$gogﬁhtqwne(:oe§9} kLRt efhd ’vShot oW &0l elon the

bypass 11) as a bypass from I'nt er medi at e Loop (9) is
ppEfe B@Q¢ﬁqqu§aggﬁgeﬁgcgg¢e ({) between the Reactor

152007g9§(§§§)5l;’§£ﬁ/ ERORRE0R 1M o0 RS -(1BG édgﬁﬁ@{f’éarﬂ_ rd4m

| ocated downstream from EC-1 React or
Cool Brresa)takeEEL]l aResbeotnleyuifd trdey epeles) -

Tenper at Up£o.¢ Q18 TRC 190 | 85 | Rk BR tHeeKfediate

Loop (9) upstream of the bypass to Shutdown Cooler (8b)
and FC-20 is located on the EC-1 Reactor liquid recycle
20 (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
liguid recycle (5) and TC-~10 and sends signals to CV-40
and valve position controller XC. TC-30 communicates with
25 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 (3) and sends signals to CV-10.

In the heat integration system the EC-1 Reactor
30 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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5 Reactor (1), TC-20 is located on the EC-1 Reactor

liquid recycle (5 downstream of Trim Cooler (12), and

TC— 30 is located on Internediate Loop (9) upstream of
EC-1 Reactor Cooler (8a). Control valve CV-10 is

PO EEGH a bypass around 10t he Tri m Cool er PETHEP2007/050743
CV-20 on Internediate Loop (9) parallel to the bypass

to Shut down Cool er (8b), CV-30 is |l ocated on the
Shut down Cool er bypass at thgzinlet to the Reactor
shut down cooler (11), and CV-40 is located on the ECG1

Reagt tIhErQU!);tg TIREYCER €od1diet(wBen vhhe)% a5hOdetects

15Cool er and the Tri m Cool er ownstream o
by pblky dakeserss f eheek rvaintof 1tr$¢ﬂd@o@| giynal to open

Fl avy-q@nuRokh efnd:z@a].sgs' She %%heqlmﬂé*&%&ﬁméb@{%b 'b@geas

(9) upstreamof th gpass t o Shut down Cool er
FC- Q(Pqu§1PSC§t%cf16’|‘Y theowh threBeimCaclgyded recycl e

20(5) upskretew afn HRREEREqIGRR! EboP9) is angyslo
communi cates with EC-1 Reactor and sends signals to

TC-ERguUlpEegp WnfnifdAtdateagtehaptiow Reaekreess ifuiad set-
regyilng, (91 SehisTG %Q?ﬁ@ﬂ 2P ed8s8 | @P3loS L acA6iH) 130d

val ve position controller  XC. TC-30 comunicates With

25 | nt erRBdF RS TAGHES (B} Ht@rRediaie JoRas (8) gl s to

CV-reguiiatda. cmammccaoe&ew&la bt &igddicate i—rQ‘Hi:c(eg)a of
and sends slg aid:i to CV-20. FC-20 communi cates with
11

EC-3 S8&3BPH} SENAE Y 1 19nes) T AP fd5 3¢ Fraatdopally
CV-itfichl intheadematthe NE B atiia0 Bhé ydRtolkrhshifiacknReash 8
30t erature is always regul ated. When TC- 10 detects
te ature in excess of a set-point, it comunicates
vvi th TCﬂI'a0¢nsmiec lthatt BCtgiDremaline BV-obfrroDCrgrsisag

I Lhrg t Wh
%fd' ct{e ']fé 3Q)Wfl F'O\r/v %ﬂeegggsv%ﬂve pog?ibé? Ontirf’ﬂer
seﬁ@'s élmgﬂain ttheoperp @/-cF0T@h2C frnidndCead exrd fappllliow

Vi r I ﬂ%]sss Gr 4 Ng the flow through
chCJTIrklg‘rang ¢ %%oﬁ%rﬁy ow | %Q}I[I t'ernmedi ate Loop (9)

| s al waysqv@gtﬁ éh@ds YR then10f ddtee best aitegyation
eﬁfoﬂ-éﬁg'199bﬁ€10dt1n5%8H§r5&fTﬁ%nﬂb i ARG
Cn/t;%pgiggééé”"%c—xo receives a temperature input f EC-1
P rom

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



The tenperature in Internmediate Loop (9) is regul ated.
When TC-30 detects a tenperature in excess of 10a
set-point, it sends a signal to open CV-30

fractionally which increases the flow via the Reactor
8B 00l er (8b). To ensure that TECI(EP2007/050743
remains in control, the set pditht of TC-30 is adjusted
by val ve position control ler 15XC. Linits on the

out pwmpef-eFCt 202 arrk FGIR0 aadesapps i s tgnalesp CHede,

ContJh%lz.Je%g {EQ% (gslgjaec%og 'fﬂ#%e g fﬁQPM‘@ BPe%f% ngagt, the

heat 1 nte S I Avent
cont r ol | IngFEQufte R‘eam Gihotnerrpbsarprtmn 'IE@.Lﬂ:G.gleeaEt'LUBSUmit

t t_f 0 d
L STAGR" EES o o AP CAEY, R SRS G ot
5 a Sirgaalt iba ff:erﬂOIntTeGm%(ailraeeerLqu@ ﬂarmergatmrehenput

1o Bstenhgtae, Lo e SR tes EluG Werhet e

val \ebsiotptasa RBErSgegmﬂldnequest $10 nciaeegmdse%bgothngled
via_Trim ol er TC- 30 rec§n¥ers1%£ erat ure

ot G PRPel b £ & rpeEo o ATBE Tature

Si graintlre 1 C¥r3QTCop®Nidiy Ilnmtaemaadaﬁé ez.d@op(sqwbnmlstream of
val ve CV-30 to_Shut down Cool er #} ai%/ ass. FC g
10rec@‘qﬁ@srpgﬁorlnﬁ%#m%ﬁfé%aalﬁé } #2955 FL9RAGS to

30comael a1deSetPaot dNdnseRESdPatsd AP 1(9) C¥pdfream
whereby Internedi ate Loop flow is maintained constant.

FC Rf rdserpiion %%sﬂcqeé%aﬁ Priw (e iHifersnaiahp
2007 ,Q83833PCIhERZD 074 QRPi43 4 oRBthe OFIMATLS 29 Bf

setpoint and sends a signal to CV-10, whereby Recycle
[anﬁqqq§gtp§nnﬁpﬁghggﬁﬁyyg@ngpaﬁt(10) by a Control unit (Y)

15 to maintain a constant flow in case any of the
refrigeration units fails.

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

20 liquid locop (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

25 (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

30 one Consumer Units (26b etc) may be located in parallel
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In Figure 5 is shown absorption Refrigeration Unit
(10) which is supplied with CW(20) for renoving heat
of 5reaction fromliInternediate liquid flowing in the
Internediate loop (9). Chilled Iiquid generated by
JILYPHIOR Refrigeration Unit (10) is passed RS/EP007/050743
Chilled liquid loop (21) to Consuner Unit 26(a).
Tenperature Controller (TC 40) on Internedi ate Loop
(9) downstream of 10absorpti gp Refrigeration Unit (10)
passes signals to control valve (CV 50) on

I nt LeoR: r tyi
Refﬁ Zy%‘ryatl gﬁ Uni t ((%)6 1Psly (?fierlgét i ?@{)cgelsog’gr e control
is &wm@@aéncowrﬂwpﬂsstﬁzaz:)e @ssaptatgst iwdith

RefEé£¥3336h99n§k¥émﬁé}g%up¥ ébﬁg}BHiQLSL%H%Ig%%%r&§t6hlves.

mai ntain a constant flow I n case an _ .
ref ri gerTei 6hibhing dugy| of &samtbgn dforigeirahion Units

Ref f1®er3h1 98 w'ﬂig(hz%)matseﬂ.rﬂ \ﬁ‘i? B¥mp AdRPROGENE ST €am

(24) and i's supplied wt Tenperat ure
con$¢RANEL FubsINitS |tbe‘at W%%FP%@%PW@ adlsp

(213 OoWrehr eRime SN HuMexaQﬁfoﬁlQEhﬁ[bﬁeflh' gea&t i@
Uni t (23) and communi Cates wth control valve CV-7 on

i noRRARFe At IEeXEAN CoMpumar dinitsdyhy. pihesdEfpreniial

Ref pi&fualel @8nthd ) a(p%&)i.eﬂsoxdrﬂh\éGB Pé(s§te$1%mrég4§m@6td1
generates Chilled liquid_for ?’ qui d | oop

25(‘2113rat1‘éﬁpé?%t‘iﬁ"ét€8ﬁt Fiev é:rhr‘?E?’Bot? osé’é’t saibH ?%e

out aigdorgft ibRerPf HicRSa b eurft t(he)Consurrer Un|t (26a)
sends Si naEs to control ,valve CV-7 ﬁ? ngn
T ni t

Chi I | ed Y GEPEST®Yp HP2D) d‘&W&FFEBb’?’bP
( 2628 andvinye Ré haiget@aienConsuni23) Uns t in (opelraelion amy be

Ichhuc%dw“ 800 éé‘%eb, Figure 4) is in operation partially
or fully.

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

Figure 10 shows operation of the heat integration
system of the invention in ceontrolling 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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- 29 - to Consuner Unit (26a) on Chilled liquid |oop
(21). Additional Consuner Units are associated with
correspondi ng tenperature controllers and contro
valves. The Chilling duty of absorption Refrigeration
Wi 2087/086689 23) is so high that each may conBFTdR2007/050743
mul ti pl e separate sub-units~tRit ~function together as

a single unit, for exanple any nunber of machines, in
ordebntnolmwﬁﬁyf aogmeatebsﬁxpminnﬂRaﬂﬁigedatyonTWmit {10)
di ffereptial I essur n [ n e
enstif L siBot R i pePaPont ke TR R Feur E Poian

to sub- unntslg)ireakfsd.rspshOﬂnRevﬁmgerm isepah:lator(ﬂ)f)) At

start-u tur Qp ratlon shut
of POREELE o B ReSBFoR s Pl din Mas A oSt ARG a1y,
Coolhak-{ Buidri piirea: @kvusﬁ|m3bperrﬂqunm m?ateakBy)15yis

an. a ximately 5 G
ReacbaFedlRl " (Mo aBEaFEORoh AT ASae RUDRPE | 10)
i's |r€c@ﬁ|§fﬂfu‘@éﬁa:ﬁﬂ3 Bﬁa&b?fl@%ﬂldﬁéﬁaﬁdgur EC-43 Rexktor
Trim Cool er (12, Fiqure 4) are_in co ed _op
ORI GEReS OV bR MBAE of 3 e e LI PELPAEELS 138)
systeeeafl (8bp pféhﬁéﬁﬂso@tbangﬂﬁtq@é |aidt@mﬁ1b.§@lith OThe

Refrigeration_ Unit é ture TC-60 receives
t enpEIREGER PRARS firSH 6Btl (P prbasperatga op et

CongjereteUnbd) (ARf)e:aReG @QEE§£E§ Wd b 1eenssael ARidmount
process 25tenperature out | et setp0|nt and sends a

si giv4l 986 Tv- TOtELnsceest BuBblesguith & iGvie SHOP fRtet

fl oyetyQ ConsoMes M dsed6@hro 7<9a1m.})h ®alfgeat €98) into
before or after Consumer Unit {26a) -40 receives a

t enpéiaaidr sPRAPUE3Ir othatse 180F hERT nﬂﬂ e?c)éeElasseEg?rom
upstiieaiuobnihenfiefd I Ry @bla@B WBhf. Liguid exiting 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 ocutlet (36) whereby gas
exits together with liguid 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 liguid, 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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(10) and conpares to a setpoint Internediate Loop
tenperature, and sends a signal to CV-50 to open the
MD 2007/ 085635PCT/ EP2007/ 050743 - 30 - control valve

t he absorptl on Refrigeration Unit (10) if TC-40
g’ﬂ&\ﬂ%”“ﬁ %¥nperature nore than the setpoint. PETEPYOTE50743
6 is shown two phase separatoBl(30) conprising EC1
React or sidedraw gas/liquid inlet (31), 5gas-liquid
i nl Examplg ck { 32Fetli qui d space (33) gas space (34),
EC-1 Re I c ut e rec nstltute
t Wo phagg; %ﬂﬁegﬁﬁg g%%%ﬁs % %?%QET gt operation
showf) the BTl Bwawebr éﬁ&)CaﬁEtmsﬁ nhmgsbaﬁdéﬁ iﬁﬁblflc

Bleed 9 reven st nt gas a cunul ati o
one sl RS e 2L BN H " RE B R ST Y of EC-
i nl latReimAIo&E rudZyagnduextd Slrdddf&fd.bhyén\ii ehDuIécetwa(t%&)

s_ent aln Ies with lig

fr oA et Epnsins GRF (iloeaed: AshoHeA TG be no
gaf@dassma)z}uwm blbﬂﬂixdeﬁlitﬂtﬁ‘cﬁad 1e3) dwbete iﬁsﬁf%%ﬁ.)e&lﬁd

i sen rom 15l i qui d and enters gas space

Li q@?gf%fft ﬁf’f"é? f'(’g%)a“i StATETBPor BUERRT 19 and
exi &pela&tmbsdra@hhaw&wﬁl&tglt&xelolms& Regbtér f 1 ow.

Q/erfl ow wej r_ :37) ensures that there is no liquid

| ev S wher eby gas exits together
W th |'i amidl @msdrvarphasga®asod @Y def Fodare0 fr 2
exanpl e via a cyclone effect. This can be achi eved via

as 43719, aasspdguie. geraiHictalvhisht PREC eSS IR aaliquid
| i quéskl %%?'ttﬁb@\é%t@ﬂt b?ttﬁé’)@eﬁmkerpﬁsv% daeheaRdon

drawn into outlet (36). Exanples 25Exanple 1 - energy
ef f PeFEaRy area and thereabove a two phase gas-liquid zone

in the top ¢of the separator. The separator therefore
requires sufficient height for separation and 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



Duty of EC-1 Reactor Cooler is converted into Chilled
liquid, this energy would otherw se be wasted. The
heat integration systemof the invention represents a
saving equal to the duty of the EC-1 Reactor Cooler

PP 245483/t | d scale plant this is of the ordePCHEP2007/050743
12MN WD 2007/ 085635PCT/ EP200%4 050743 - 31 - Exanpl e
2 - safety The invention all ows decoupl ed

i ndeperrdemie epdr akion af aﬂmg1ECpma5babiqu1duﬁid@onsusering
Uni t 1S r Gy tanc 8- Ther eby ther

be H%lgggg{blgg%C£é$ Eig %ﬁ? pu%%éﬁdy(ﬁhéags Without
|nsLﬁdvxnaﬂﬁanhShbsthmtﬂamiyd&naadgﬁsoa&fknwﬁu@yther with
Unlt( nd Iso t here cal .No_possi bjlit f

Cons uﬁ?zaq;cf)lragb HREP e (H c?’g‘?\t OIEEbJr?q e‘é 6\(X/at er
avai | abl e at start-up, turned down operation or

shut -down of the EC-1 Reactor. 10Exanple 3 - Separator
The prior art separator (6) of Figure 1 is a standard
gas-liquid separator which operates on a liquid |evel
in the bottomof the separator having a separation
surface area and thereabove a two phase gas-liquid

zone 15in the top of the separator. The separator
therefore requires sufficient height for separation

and needs a |l ow 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 20requirenents for the
vessel are a certain maxi numresidence tine and a
certain maxi mum superficial liquid velocity to ensure
vapour di sengagenent in the bottom of the separator.
The application of these design requirements woul d

lead to a very flat pancake shaped 25 vessel with a
very high degree of turbul ence that would lead to very
poor vapour disengagenent in the bottom of the
separator. Separator (6) of Figure 6 neets the

required residence tine in the liquid phase and

achi eves the
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30required gas renoval frominlet (31) in inlet device
(32), the separated gas exiting directly via outl et
(36). Liquid exiting outlet £3%3 +s therefore
substantially W) 2007/ 085635PCT/ EP2007/ 050743 - 32 -
gas-free and exits as single phase liquid flow,

engufi pogrtpay ECG-1 Reactor |iquid recycle punp can
operatewthout cavitation. Substantially 100% gas
exits together with liquid as two-phase gas-liquid via

oujlet £3 2 - ALMS 1. A heat integration
sy%fen1éogg?gn%gﬁgarﬁgggnoﬁyﬁgggt?85 Fﬁgﬁ%&ﬁgE%ﬁft of
Reaesotiandfgemeant E0g1Chebkedr! hadi gehera¥s@qbyhanged

or_ pore C?nsuner Units, in a catalytic process for
prbudei Agt BE ¥FBRPEOCNEr OE oRPERS F6R SBMAE0 UNEGSwhéeian

t heasystemc LSES - t gf, ECH1 a :
oo o P88 TR TR REE FrofiPRo Borpt Cofiversion
Retict@rMEG wherahn| bher sgdiamecbmppiwkischni 8C-1 Reactor, an

C ORI igation w.th the Reactor oler and with an
abso?%tgg%ciﬁfr¢ag}3fi8ngﬁ%ﬁ?t,°5nHeWﬁW&ﬂgi cahj 36 the
f mC€DrRblgEEdg, | ntermedi ate |iquid therebetween, the
absorption Refrigeration Unit being suitable for

gener at}hgleherPediatqul-aop which isgpd go@mbhiiedtion with

|40 | uct i illed Liguid .
oL8 HAgoRo2 ChalLe L8k, SPPHLEh) B8 EPbEL S i fapacion
usénity, orred oshieh ei Cossib@bléNEds, conductihg syuskefediate

nebt SR Eebetien, cEid MR3RTEriPe BeRELaFEaLhPPI a1t
ljﬁ%%fgféﬁiﬁiﬁ&é}E$£e@eﬁéﬂ&iﬁn&0@Hi§ﬁgdc?9§Hﬂﬁf
and a Chilled liquid loop suitable for conducting
Chilled liquid generated in the absorption Refrigeration
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
Reacter,
and wherein the system additionally comprises an
independent stand-by source of Chilled liguid 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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20wherein the system additionally conprises a Shutdown
Cool er havi ng an i ndependent cooling source which is
suitable, alternatively or iR &ddi-tion to the
absorption Refrigeration Unit, for renoving heat from
the EC-1 Reactor, 25and wherein the system

tio | endent stand-b urce,
of CﬂChl I :}gé—lﬁvl qu{@{éﬁ%% g] i ar%)laccQ %e?%a?%véf@l%r
i nvaddidinontHe Trites mbshiatd cmbcfgefmcgm@é$ o WbdssfOF the
generatin ch|IIed |IanId to serve the one or nore

Co n & 1tion Uniedthe Frigr bt oFmegis ben
aCQQth%@‘Tldng'ﬁéb BM“H&H&E&%EHL#%@#ﬁ?g%?%tI%ﬁ f%it

i ncl udes "a bypass of" the absorptio
whévedinyi demadriradilntid cowt iept | mruialaiayobenaproed @ the

to SRef r.i n Unit for heat renoval

atbl}'% ypasstl{%lagoesrcﬁ'tplt rb?%}fﬁe Tigeration Unit. 3. A
heat | NEePealt G tERNAr G tidg dF@ids korc@ahm or
2, wherein the EG1 Reactor Cooler is located in an

ECCT3R8adr oM herfiing theefidd ifatt aofiakes e sméated in an
dr @W—:ho@lré%c!t'oq:u'lqc{/ﬁc&/cf_le% d'lcﬂnﬁlﬂeﬁﬂzcéém asCéé)f Oslde Riraw

heat integration system according to an
1 eod3 li\miidw reayerlies efrcan pine @#d-tly Rfacomtrol lers, a
pI rali of ,cantrol val ves and one or re Contro

Un| t's P?aljf RS ST VS b AR HENG R fny one of
relcaiing 10 t6C3) R%a@mrcdn%qts@s NG ICARSUEF ddni t (s)

demand, to controllers or rol Units or a
coRBRACLdfIshe feBLurald/itor afo ceaviincd wadlwess and one or

regulat | 'nglt%%?.r i3 Ohd q. Smﬁf §V¥X‘the l%rrnstagadrooém %

absor ption rigeration grati
systLgmaasc eediatg nio t@n;EO&rle R@‘a Hlead MHakifry 4ndMUdHsumer

|t|q ﬂlh% cgggrlses an EC-1 Reactor Trim Cool er for
re Ot B A g SR Fan&r &ML Ol SfiTe BCCPRER: dinits or a

| oeahpd ndewos! LeaPeQff tE%dﬁGrlt%ﬁ%@H%ké%“yéﬂbég“kegulatlng
upstream of the EC 1 Reactor in the EC-
operation of the Shutdown Coocler 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 ligquid recycle temperature within

a preferred recycle temperature range.
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25Reactor liquid recycle. 6.A heat integration system

according to Caimb5, wherein the Trim Cooler is under

control of an EC-1 Reactor |+qabd-recycle controller

which in turn receives signals froman EC- 1 Reactor

controller, and sends a 30signal to a control valve

for the,Tki r supply.to control. EC.1 act or

|iguid ﬁeéggkggﬁé% g%??%%és'%H%qwﬁf%%§§¥%4éﬁ’Egaﬁﬁe§'

t emperatior eheargés a- b¥pass arodnkeahd ntrael AddAtr and a
cording,to. Caimb5, wherein there is a bypass

t
Z?/%Bﬁgqrfa’ e VRV é§o|l€Fa§ﬁ6F a0c Sher SIYPERsve Whenejanttde
incbﬁ@rBip%ﬁiveWﬁ%EQFEdtHgy%%%tkﬁ%a%%lﬁ%lqﬁﬁﬁfgiféb by a

t he bypass is controlled a 5ffow controlle

upSieeanrot rohéeECupsReaetrop fc thlke EC-dn®eactant raloler; and

valve. | cated at the inlet to. the Tri m Cool er and

N b P e NN o S s B
coobodelrednbythet eBREEBLUKE1GBNLEOHRN TragAtedler inlet is
downstream of the Trim Cool er and downstream of the

pof At thRsiedt R¥ 20byrpasatusporastend LEC- 1oRederodownstream
i ggi escyele 8 [ntegration.system

aconr i eg F eracobbaE pacio et b H IR BOSREEre che
coRprpasagre]ounsphhseESepaRatot ool igepar akicRgleWetream.
phgse f OM/iF a Eide graM/fron1the EC-1 Reactor in a

fitst compartneREeBFabianngYeErPRgargoradipal &or gngcone of
antl &iB€CcoNEo CONPIAETENEN R OV dbRBrast h to

a second EC(%eagFor EC-Z? sugh thgf thﬁtaoegﬁaégggFow

t CER2patRacior feparabieg weerphaspr &Lewabhyat Bede draw

se t r at it ho kguid_lLevel .in the .
cornnn bRt ELEBa D 2, R Y hooBRtEE hPaly Boviding
20ECI2l Revetpel e t ber BOy1 axniidhngetbadr tekpattachtpirdviding
| evel buildingﬁﬁgwand flooding t he separation vessel,

arfl UL REFTY r 6o aPe6PIgakCt REACERE Ffgdi dsuch that
regyel ®vo Shade CONGE O o SYEL EMREQELEPNEEOLELAY2 NRBLein

I ntegration
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.

g. A control system for controlling a heat integration
system as hereinbefore defined in any one of Claims 1 to
8, comprising a plurality of controllers, Control Units
and/or control valves wherein the controllers previde
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 the absorption

Refrigeration Unit.




system as herei nbefore defined in any one of Clains 1

to 258, conprising a plurality of controllers, Contro
Units and/or control valves wheggin the controllers
provide signals relating to EC-1 Reactor | oading and
Consuner Unit(s) demand, to controllers or Contro

Uni or c Lnation. thereof, and/or to contro

val%gé rggﬁlg??%ggsbgﬁgr&PF&ﬂraFlPﬁesgﬁﬁﬁﬂbWﬁ CoFiteel system
andatherdbsgr pbi enyRehei ger atlh@hsUai Lo g, 36 3 #&ch%% for
of the heat integration systemor control syste

accof AfNGIRE BRyTeAB BP eraiksalprecessi fox prodesing MEG
forrpemdesi P9sEecfrom EO or in a process for producing

MEG from EO via EC.




