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rich in CO from .hydrocarbons ranging from natural gas
to heavy naphtha. The process of parfiai oxidization or
POX .is a noncatalytic reaction between the
hydrocarbons, coke or coal with steanm and oxygen at
high temperature and pressure. Tt is also possible to
. obtain the syngas by combining the SMR reforming and

partlal oxidation in the same reactor according to the
process o©of autothermal reforming. The hydrocarbons
treated by ATR are generally natural gas and naphtha.
This ATR process results in syngases hav1ng a low Hp/CO
ratio. The syngas also comprises nitrogen when the base
reactant is natural gas. ‘Depending on the operating
conditions and the use to which the syngas 1s intended,
the composition of a Syngas may vary in the following
amounts:

Hp + CO = 75% to 397% by volume;

CHy = 0.5% to 18%; and
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a2 turbine (usually a gas or steam turbine) and where
the heat comes from the heat of the exhaust gases

25 stemming from a boiler for steam or hot  water

production. This combined generation of two types of
energy results in vyields - of high efficiency in
comparison with the Separate and conventional
production of heat and/or electricity. Thus, to meet -
30 the increasing demand for syngas derivatives, for steanm
and for electricity, production sites are increasingly
sought which  may simultanecusly provide syngas
derivatives, steam and electricity. -However, one
current problem of these production sites is being able

35 to meet these environmental constraints by limiting the
release of carben dicxide. An additional problem ié
finding a Storage solution for the carbon dioxide
removed from the gases produced by the syngas unit




5

whi |l e having an inproved reliability, reduced costs

and
pr esent
prod@c2ng6£9a8gas2 on a site that_also co
conbi ned heat and power unit, Wwhich enithE%/?§§886/050050
carbon di oxi de. Anot her object of the present

i nvight lonhaging pnoﬂhﬁﬁo@edlgeﬂﬁgﬂfgi£9f 9£§§g%%3gﬁ%5f and
i

respect for the environnment. The object of the
invention is to provide a 5 nethod for

conprises a Co

sy o i t . al so
nepe il £o E%ﬁr EMYE 5 ttle carbon dioxide and

and power unit,
does not require storage of

Anditeer cbbeeet ds tRsPLIV a met hod, for producing
Sygr% ,Ocpndc% site that pg?és:s%%gon%)?‘f%% 1@ cathi FrRrdPReFide a
and power fi't, RANCLF18Hi t syhpesl e carban dioxi denand 2156
al lcomprioets od  obmbheedPhER:r at e _sypgas_ . .
P B et RO ahinieh enits

i C
t he carbon di oxi de. 15

pr aducad. W thin these objecti
relates%tg%%b@#egﬁgglESr produci ng a syngas using a
syngas production unit conprising: - at |east one
SYRgashprodusti-n react o 25 _produci ng from

] oF gggséﬁgﬁ?ngoﬁﬁyﬁ§Fﬁﬁnh9éré@e@?oaide a

'~ hydrocarbons! a cru
10 an eggﬁg; gﬂa BROGxPGt Pasyaonprémsi ng G3Re - tRat also

devomperf oes r anmeig &R i.d_crude syngas . 30 '
prpgygiggc% as t at,naﬂﬂ%imléﬁ%r'gggrbd§¥jgai%hb%% emits
that —mai nfy~eonpri¥esiecarbedags r soyclmdniins stherage of
syffascaproutidxinda eact or, on an industrial site
additionally conprising: - at |east one conbi ned heat

35 produci ng an exhaust gas conpri sing

15 2 d(yomer uni t .
| (%2“, RE - cRJaeti cies f op reneyidy €02md £105y t I%%rh producing

20

25

30

35

Caydsis, Onon exhayst the site, in which?
d: V\D%OOE)/% %g%ﬁgﬁisfof-s%c‘%?%e%ﬁo@ombmed heat

et

| §35t [N Df UPhEs exbidabt cyedes Lobtpré scagbOR2 dioxide and

allows control of the H,/CO ratic of the SYngas
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Within these objectives, the invention relates to g
method for producing a syngas using a syngas production
unit comprising:

—. at .least ohe syngas production reactor
producing from hydrocarbons:

* a crude syngas comprising hydrogen, CO and
COy; and
* an exhaust gas comprising CO,,

- a device for removing CO, from said crude syngas
pr?du01ng 2 gas that mainly comprises CO;, said gas that
mainly comprises CO; being recycled into the syngas
production reactor,
on an industrial site additionally comprising:

- at_ least ocne combined heat and power unit
produplng an exhaust gas comprising CC,; and

T a device for removing CO, from the combustion
exhaust gases of the site,
in which method:
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orne hand, the Syngas production reactor that makes it
possible to obtain the crude syngas and, on the other
hand, a device for treating this crude syngas 'in order

to eliminate the carbon dioxide therefrom.

The syngas production reactor that makes it possible to
obtain the crude -8yngas may be a steam. methane
reforming - (SMR) reactor or a@ partial oxidation (POX)
reactor using hydrocarbons to produce the crude syngas
that comprises hydrogen, carbon monoxide, carbon
dioxide and other compounds. It may also be a reactor
for implementing an ATR process. Due to a combustion
being carried out in the syngas production reactor
(combustion intended to raise the temperature of the
reactor for the - implementation of the synthesis
reaction), the Syngas production reactor also produces
an exhaust gas in addition to the syngas. This exhaust
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The device for treating the crude syngas'i n order to
5 elimnate the carbon dioxide therefromis preferably
a nethod of washing with am nes that generally uses
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Faevin _ g introduced into
& cold box, 1in which its various compounds 'are
Separated by cryogenic means. The cold box produces at
least one gas that mainly comprises CO (that is to say
that preferably comprises at least 98% by volume of
CO), a gas that mainly comprises Hy (that is to say that
preferably comprises at least 97% by volume of Hz), a
‘gas that mainly comprises CHy (that is to say that
preferably comprises at least 89% by volume of CH,) and
an off-gas that comprises a mixture of Hz, CO and CH,.
Recycling the cCoO, upstream of the cold box makes it
possible to reduce the amount of nitrogen in the gas
that mainly comprises CO. The off-gas, the gas thet

- mainly comprises CHy, and the gas that mainly comprises

Hy may be used as fuels in all the combustion reactions

carried out on the industrial site and especially in
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carried out in the conbined heat and power unit.
gas that mainly conprises CH4 may al so be introduced 5
into the syngas production reactor in order to be used
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According to a second mode of the invention, the syngaé
production unit comprises a device for adjusting the
value of the H;/CO molar ratio of the syngas. This mode
is implemented when the industrial site aims to mainly

30 produce an oXogas. The device for adjusting the value
of the Hp/CO molar ratio of the oxogas generally
comprises a hydrogen-permeable membrane. The choice of
the selectiﬁity of the membrane makes it possible to
adjust the H,/CO ratio of the oxogas. The membrane also

35 produces a hydrogen permeate which may be used as a
fuel in all the combustion reactions carried out on the
industrial site and especially in the syngas production
reactor and the combustion reaction carried out in the




‘conbi ned heat and power unit. The perneabl e menbrane
may sometimes be preceded by a drying device. c
According to the invention, the industrial site on

i A8, production unjt is located conprises,
mlgdzidt?on, at Igast one .eoﬁ‘rg: ned heat aﬁﬁTz’Egg‘?OG/%OOSO

(CHP) unit, this unit produci ng an exhaust gas that

. . . . Cned
compmse®d at er “unit. ermeable membrane
. QkBat AGGRY dhHget 0 he |ny§gtgpnggg ionbl
heagt %d Qwer unit produci ng an exhaust (S
conﬁ??spﬁ' é@fsngf PoeEsApF ¥ at drgasy daeick.the
follow ng devices: a gas turbine, a boiler for steam
or a conbinati on of

prgﬁ%%ghgﬂgeatgte@g%'gﬁ%ggﬂﬁﬁﬁhcoﬁﬁﬁna@ﬂ@ﬁséfiﬁhe site on

t hese devi Ces, especCi

S st ¥RAFBoither siindrs hersdean ort utbi peiand dhaeed comprises,

[ i f e t ine w.th the 15 steam
o taLancnl bhegdasyl U Dot KoL et ah epvidce
'Thgnég;t€£$ﬁnénﬁ RIOgHABADY aknewhadeti gas CORPY iceiRe i ses

- anC@ir Booprasagr «onpgst 6440 4 9as al .lﬂ:roEriqugfedegFeeat and

. ai duced is introduded wit :
B B R G0 At IMAURE e8I HomRRdS 2001 8, may

10 corprptiom gasésaptodireedopasset HoQuehyithe 888 ces & 9as '

' | od ectricity, for exanple by nean

Eﬁﬂﬁk%giﬁgegaatggilgke F&gl é%@%ﬂuggﬁﬁﬁ%iﬁ%ﬁﬁm is steam

ge‘}%%r}ey &t ufalcoglsnagdoor difngHexsd heefiEss, ”ﬁgﬁteggaslly

thend neembigAcibRe patunal gas fay,be, mxed wit tha &leam
THAEE matl i

| east .one gas chosen from the gas
corrprbllg,lgs ElI%lélls UEEP A i devitdee fors remvimg 00Ok the

15 f rsgmant heosyagas, whheh 9ag t hak f@érﬁﬂﬂrb%?][‘ﬁvriitﬁfﬁggé” steam

he,  device for renoving rom
g&%ggg?lgt'hgﬁééls I3&hr FRRRYNG 1P 1R Froawely bynbhe device
pGPMPLaainen devi oeiﬁndc&@pié@sdﬁ I - gaﬁnérzgggt g%oco'ad gas
bei I m_.producti on cons, , )
F?géfghgée%g%gh@&&gf%éggo@6&S§F8ﬁuqﬁg“%§3kﬂ?ﬁgﬁgqgg with
hatt Y t+BFRT ShM vermehudtiico: steatve BF SthOi kQ@Fbine and

; ' f t changers,
20 geher atdno€ONSH St Sgﬁesah, 2082 e0f Eg%‘% EAS00RIC S gas

25

30

35

s 29 n 2% .
ifg{”élgiri?egg gmig?hdiaﬁ@ ReBFCpicdtEedfby thempienbysiieans of

Thd s bbteenatay . be Teenbimed \éviﬁd}dabé{?eﬁg?;a%g”eggﬁine is
S essure produce : -

(Guser g SheaQLgiesae produced by The ol fer e -

the invention, the naturai gas may be mixed with at

least one gas chosen from: the gas that mainiy
comprises H, produced by the device for removing CO from
the syngas, the gas that mainly comprises CH, produced
by the device for removing CC from the syngas, the gas
enriched with H, produced by the purification device and
the off-gas from the cold box. The boiler for steam
production consists, itself, generally of a combustion
device producing heat to transform water into steam.
This boiler generally consists of a series of heat
exchangers, for example coils, in which water flows,
which are in contact with the heat produced by the
combustion. This boiler may be combined with a steam
turbine: thus, the steam pressure produrced by the

boiler passes into a steanm turbine so as to produce
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and el ecT&ryi city. According to one 5 partlgﬁ?q'éﬁ" /

[ [ l'i ed

variant, the steam turbine may be partly supp

Wi tehl estteaim jpryoducerle by st hgpnheat rﬂevegm%%onbgt h%ither o
SyRQAs, dyction,.reactor. The conbine at “and -~

power (‘%3%) urrﬁtSﬁ?&ﬁhc%‘ér}é&%%us‘fhlg?dse@r_toldaltce(sorrptesm and
COElgge nigitthe cambust | mdehaéihrﬂjte §@féelen§idaﬁ&’£bibz§/e which

| ' vide heat, esp ,

Coghoatron of CndEura YA, SRERAFEY. oo henaIins the one
> nVeRtiGRathevantiant ri dlhe sbteamonpriisase an&?ﬁ']@f ffdre1y
" eswbg B fon g A5o800bsL O exhaust gases
ca ggle of bein groduced on thesite." T .

maEes iTYHG iBEQ HetiPRatremdton heTeghaustoigasesheat and

. ; d i si he .
deppved f(Cdh)a momu@t_»bag?n@g eécg%giﬁstt i%%@eg%%?ggl ><;omprJ.se

eX@@yﬁﬁugiggfggggbge u%%}%ﬂ% Bpaéoaggygéﬁ;i¢ﬁeo@@vtberein

10 ?g%nr?:lé%g@irngimrtﬁvia@tﬂheae, gasescimusty ther ebekssPeon of
suidalt£l f@Lstreating gas that has such an oxygeﬂ
content. It is inpossible, for exanple, to use the
device for renmoving CO2 fromthe crude syngas because

a Kimedel 8y ngasoxdlihCopbai fig, a er)’&rPaDibonOf. SOX Q'strial
Thiss dev}'sye f.or rermgfli ng. CO2 may be an dni %Z’ V\ggﬁ
g %kprﬁtslﬁﬁl efhafBVaftnefosdr remeotess @, from the

SN .
19 adsobti aar o o prorans B oETHEIRE Brdhuced on
o e b araR MBI Fikehe 18 mastHae atol dasat all
0] ) S
oo q%{@%aﬁqsgase@nnmm smmgmagiagr Q@g[;m{/éiacgq?ﬁg,and
Corarbad hehe Sy sne?” PUBHLED, Lt e
. S : _
ggxgb gg 8Plel?e€?ﬁﬂﬁli£lhozwm@nishe135 tontgst ilon eshaumst of

20 gasggent tie stjt&eéictéﬁgﬂraﬁgif Pigﬁéé{?jéﬁl( e L?QF”V%%%I% gga%tﬁg\e/%gases
?@%ﬁ??g&&%&ﬁ%%%ap?%dﬁggﬁaﬁl@niﬁqroﬁrphéingxhausttgase$as
deRFednf camgene worthimed heats andpBe¥ehle, for example,
to use the device for remoeving CO, frcm the crude syngas
because a crude- syngas only contains a few ppb  of
Oxygen. This device for removing CO, may be an amine
wash using MEA (methylethanolamine) or & process of
adsorbing carbon dioxide by means of screens or a
membrane permeation process.

A first main feature of the invention relates to the
fact that at least one of the exhaust gases comprising
the CO; produced, either via the syngas production
reactor, or via the combined heat and power (CHP) unit,
is treated in the device for removing CO, from the
combustion exhaust gases of the site. According to the
invention, there may be treatment either of the exhaust
gases derived from the Syngas production unit, or the

exhaust gases derived from the combined heat and power
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[ t he
WD 2006/ 082332 - 9 - PCI/FR2006/ 050050 unit, or
exhaust gases. stemming fromboth of these wunits. The
choi ce is usually nmade dependlrégg, at the sane tine,
on Whe2 00@/ ospdaent of each exhaust gas a 4050050
rate of recycling desired in the syngas pro%&éog?ﬁSOI
reactor. If the exhaust gases stemm ng from both the
synRgdas , prcadutd’(e O i & ¢ a@QséE‘esEQﬁYHhH dfggﬁt b%@gl p%:hese

wni to eat ed, by the device for renovin
§S§r%)ltthe ex aus?t JaSest vf e st ema‘fl?lerﬁe@ﬁ?@déxl@ausat the

ga§afeo ke gyngas Popdumit et rencdn Iscpheferald ing on

i OF _
enowihag sCOds@m shemndmhustdoan both the

Losreden iy Ui oty Lo g colbined Bent T
R

P haeafRoFee ity

exhgnghs @&&&&c@ﬁobh%n%}tt %nd15t 38&&9 ef@' X feat H[ﬂ power -
Bt ha

H? |n\1/1ent| on is that the ced

_deV| 28 £ SR iFefdA Yf 4 r Bih ttHiJéE fgasesmofvlhlge Co,

syhges phedustliansungisandoar ﬁH@nbEB§ %&g@!c h?@baust
angl Hovwel,{ GHR) %5}!118 | fepg%cta JC atskmgage?cgerf g pﬁ@ferably

ngas produc
the sy g Yashs the rasthacised gasafreﬁCta@tddeﬂﬁ%d WYEYAS and

pr“‘ﬁ"‘@'qmmawt o iRE. eihalb gasth g Tt the

po sz)fém}”gg% Ee%%’t’hmg'st@zoffr@e syhregasombeacton, &hhSust

he 25
C@zammy dfe tiecatia@ by at | east one of t _

foll ow ng devices, and preferably by both: two
conbi ned beds of activated carbon, the first bed

bé& e danst eyt efleat the sof f lﬂheSQrﬁr%ntthﬁdS.L%r b and Co;
d th er and silver
L e e R B b F o riobtit 58" Reh e o Sgpaust
d86R65r ekt dhechayyees V\Agrimdanldatmolmurmﬁﬂt Y, 0l1a tbeoﬂnonche
Cha
conmoinds, andic ot g5 (SWES! LA, B oS0 UMD ey
Cg%&yéi dINGE 35 PEr | T A spﬁfpéat:rtmnn foFaaenoyi fge CO,

d
pﬁremnshetbehﬁﬁﬁtn@ﬁseBelggggﬁg§§@gy§B UQQEFQSDE ip the

for
gﬁgér%gé rr% f: %rl gebeqel*?%torrel nf¥ o&ﬁ@edmzntqum%%/nlgas the
AR . ﬁ%memamby;nUhEC@ﬁﬂfrom the exhaust gases may

comprise poisons for the catalysts of the syngas
reactor, this CO; may be treated by at least one of the
following devices, and preferably by both:

¢ two combined beds of activated carbon, - the
first bed being impregnated with sulfur so as to adsorb
Hg and the second being impregnated with copper and
silver to adsorb H;S and HCN and to oxidize AsHs; and

® a deoxo reactor charged with aluminum to
adsorb the ion compounds and comprising, downstream, a
charge of catalyst based on copper and palladium to
remove 0;, C;H; and NOx.

During this treatment for removing poisons, the CO, may
-be compressed and undergo temperature changes, for
example by means of a heat exchanger, before being

reintroduced into the Syrngas reactor. Generally, the CO,
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yﬁg gevice for renobving CO2 fromthe crude syngas and
the treated CO2 coming fromthe device for renoving

r200 xpdraust gases arggnixed before  bein
Egg;% ed aiﬂrﬁso t he syngas pr odﬁ%tl on react’drL/HHaPE6/050050

~anmpunt of CO2 produced by the devices for renoving C02

s ebyd ethé Ngoytbe EYBOEREOAUCHEN Leactor is
Lgﬁ;mmgjj ed, as a function of "the desi Feg_rﬂ?/ ® cruae
rati g)éaof Eﬁe srflﬁg§§.ea¥ﬁdcé:rq?aicr?ﬂblélgesf,rqmethaddsmlcal for
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i Il@%%,i n.. i n.this case, “sone of
ﬁo%@lﬁggcl eé:.sle%lf:ggjrtéil Etgh? 0" BN&*VaPFannctaen| sasctoone The
of “"PHBCEE frdirsediusect ey deivé casvioesr eas@vw&lgq%g CO,
fronett he GRS <RI OGHCE 100 ag?néggbbneg%ggf%%ag actor is
0 £P.uiésmaybeco_rrpesed5% . i A .
Pe%é\g%:?egH% 3%51[11% r&Act aNGhien tde Wymgless ineal iy cof @ktio
crafprschm s, Sh @At BEOTRLERS A IIEN 1P e
Ifat;end or__ the_synga . : ‘
,li\cco:rldi%r?lgqﬂzl%%oﬁgh%aﬁslecu? r TEse?S t R® siebwamedbing df a
205 ¥ He HP uﬁﬁﬁpna)inbeth:mmbedetos@tn%om eigﬁgg.cgfghli% not
o i opal.l Opr ess e mX
g au;@%sg%¥cg?%%ﬁ§eg%yg$_eVBSfLF‘Bitrar?d:tﬁ%é%?ng%%ne of
p;%%uc{z(?gonpif%%‘é‘f%ﬁi - Bvi dhe odéntcosiucbrg x_tdi’r@i’ﬁllnh@t o\j?pg%rom
Gasee o e o ung o PRI A R IS (e
speci . !
gﬁig ggfr%%?gng?l)} %’gg&g%g,seg fbpafe rimppateoycled as a
pE§aessnt ﬁMED(ﬂﬂﬂHﬁﬁﬁ@?F‘§@§@£§§§8fégg§??§5ﬂg by means
' ; f the gases. .
nopor ] 04 b TR CAER SAoE Piha nventioom L ehantiideD for
rgg?osﬁpg@ﬁepﬁpdd@téyngasinay be controlled by the
recycling rate of the CO2 produced by the devices for

[ [ from
' C2 fromthe syngas production unit and «
trﬁgg%/%ﬁ‘gﬁl%eaohé’éﬁ &7 eruriasd,n the syegastddbine of

ptb@udﬂﬂbnpgﬁactﬁéglFg%sfﬁgﬁgﬁ%ﬁhggoggrggggﬁg%%ﬁ%%o?ﬁgis
'égo%ﬂl%%éf)?o%g% frﬁ%‘f’not?\%t%?%%%%ntc%mprﬁés exbbestmyasese of
1¥XhaURt ageers recydlest i Hyl esige t BaN 1200% s hey syngas
WY RGN 1€, reactor prior to introducing them into the
device for removing CO; from the combustion exhaust
gases of the site, especially if the removal device is
an'adsorption process or a membrane permeation process.
This compression enables a subsequent improved
treatment of the gases.

Finally, according to the method of the invention, the
Hz/CO ratio of the crude s3yngas may be controlled by the
recycling rate of the COz produced by the devices for
removing COs; from the syngas production unit and frem
the combined heat and power unit in the syngas
production reactor. Thus, according to the invention;
it is possible to alter thé amount of recycling of the
CO; derived from the treatment of the exhaust gases. If
the amount recycled is less than 100%, the unrecycled
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exported outside the plant for applications requiring
the use of (C02, the indust ri al site then beconing a

Si two tavage wazdigzes useabl e Accordi n one
glﬁ,t;,?,( FR$Q0&/050050

advant ageous node, the syngas %ﬁroductl on
not conprise a device for adjusting the value of the

H2 /00Q) mlyarberaéi ofed heyp s u nmenbr ane. |
I ndey since {Shlﬁe)O et hodua%g%?d;ch% %Eagﬁeﬁoﬁ/eﬁl?a]ghcatlons
rrakes i pgss Fe 19° c&Ht r 6Pzt hechap/ Codnaticoaat shee then

ouermafngt ke ﬁmaﬁzmj qsittedd S Meachdle dd, 3\1 th .

t hepef (Hcﬁra[iﬂ:%ﬁj Lﬁz ‘%?ﬁq éf‘ the device for adjus élg ©

the vaI ue of the Hz/ Cr atq I &r@w@@l anit may
RBFarferamee thedﬁmaectfcrmnaﬁ@@smﬁ@ |@Y1elt Pﬁaﬁy@géﬁ the

prag,tml AB1HRI trdiS AN, PXQAGaS. Figure 1 illustrates

the method accord t?lncg (tjg ﬁl% %é%nﬁl o1 “Ry drocar BEAdrane .

undergo™a catdiSt FESr erdERPdg acsorgangi atooxiiat lletl‘te@ltlon

aurokéer nil pefofivi ag t(OAT&ntfg:gCttlh%n E]ﬂﬁ/&?:aé?g?’tgrt the

S pr.adu the crude syn
aog%é%%tgdu%gs (:atﬁl exh%%qaﬁaspio BCESRPri siemgtde gases is
- derhisfREIronPoheiobabust | nem®fe t BRe hnéq,rlggarﬂpysaaiggtlng

astHdleks 1Gand, pot e ant . The, crude syn
|s treat % in thetlﬁersn i 'a&% ﬁ@ﬁov?ﬁ lOCOQflolt'/mleéﬁmpler a

Coeephet M%%mgasmaﬁuﬂidtt&:ecﬂoggr Ity syngas

efrﬁ:ldmnitlb& ubie GR2-dep)&f %;%@ syngas 19 is then 25
dried in the dryer 13 to increase the renoval of 02

and water and to prevent their presence |n t he coI d :
b&iorre The drhlexﬁtgaas:ekG ithe r epiedd N 4 Jpqg tgoa the
| AntBg | d tenperature of the ri €d “syngas
161's trlg) lce &ég ag% sépdrEeg doné @@ Falarhicherofdmwning
36 c OBt (Q&lda@mdo@%hutbthéfﬁgyceﬁeﬁoﬂﬁfn halamg)
rmeaby 6AMAK as that nmai n conpri ses

d a ofnfsggesc?s H‘Rg %ff- 5150 vﬂ’ﬁy @i Fhet mrude
zﬁgﬁ?ng 3P§m¥e(a@6m¥gril yaldﬁmqbne@blmé hen" &kBslist gas 4
g risisg atiid XEHEB50

? r ek@vegof? Igrggﬁc?f)@ﬁu%é%flopflthe

35 fuel for the syn
(L)%‘;%t@ga LOhbUsEFdnaredeilsn int cut reathents). The

mmeayhga? 3ands pewestdai tin Hhg MgLbaneg pf‘éngerémovmg
SN GXEER T5PMuces & CO;-depleted syngas 19 and a
COz-rich effluent 12 The COz~depleted syngas 19 is then
dried in the dryer 13 to increase the removal of CO; and
water and to prevent their presence in the cold box 7.
The dried gas 16 is treated in a cold box 7. In the
cold box, the temperature of the dried syngas 16 is
reduced so as to ~Separate the €O from the other
compounds (Hz, N, and CH4t. It produces a gas that
mainly comprises CO 18, a gas that mainly comprises H, 9
and an off-gas 15. The off-gas 15, which exits the
stripping column (commonly denoted as the "flash gas"},

is a mixture of Hz, CO and CHs which may be used as a
fuel for the Syngas production reactor 1 or in a
combustion reaction carried out in the combined heat
and power unit. The methane purge 31 which exits from
the bottom of the CO/CH, Separation column of the cold
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: [ | um of the cold
he bottom of the CO CH4 separation co
5K52006/082332 - 12 - PCT/ FR2006/ 050050 box 7 may
al so be used as a fuel or as reactants for the syngas

os@agor 1, dependi on its pressure val ue 0
g;ﬂ%mggndltl g(r)]s required fg? The cataytiER2006/050050
reaction. 5 The gas that mainly conprises H2 9 eX|t|ng

f r et He m@ydalb@XBEfﬁ@b@eagggggggﬂ%Pgﬁ h%?&? Clants for
pu %f|c§§ n.process .22 to p P "
hydrogen Eg &ndPaR“BfF+§as 99&0¥@¥501031deﬂb 1n¢ on  1ts
ga®TpssuThe viiugasad ithdisednastaolQ fH@ﬁ% for the

u actor 1 and in the
fggggﬁégEggrggégglg “in the conbi ned heat and pomer

unit. The industrial site also conpr{ﬁeshzaforgined

i e
heﬁhea@ﬁs ﬂﬁaﬁ%ﬁ%ﬁ%%loﬁoég fg roéhgb8ﬁ§t2n§h§r89 thge cold
gasg%hat ﬂ%thy TE8 ﬁléésaké grbgen1pb31¢mbdtbon process

Th 3 U@lpréﬁmm®dhtgﬁ—p@£§%§rhyafa éﬁ|s ex ausxhaggtgas 29

n bon oxl. de
e R eSS e of $ram 1 A gpngasaﬂ s s

uge the
privtict i8n FeactsomoaEhi predhatlﬁabn g% diad % ?’?1

iR at for _remnoving rom
Icgcr?‘to st |tg%n2¥ﬁ%\%§1t:gg§s of 1 ghgo %WelnThJF}%edéRﬂn@énﬁ@i i Reat
prefePRYiSF dRdden fromthe devices for removing C02

that make it possible to treat 25 a | ow pressure

Exiting from
efrh l.u ts havi, a Iom10xygen content.
tthr:ils 3121\” cgz g1 SH Pl feaforRhbERS gasoRBinadd Feat and

opeweirchuefitl uént Lk d\mucahdl f&hg@mxt%%g‘%ﬁdé\f% Cge tained by
2 e r

fgﬁ@%P%glgéfBFGH&F%ﬁgagéhéﬁs 2pPBEUCE] Gheusias, thats 80nly

COSTPFreRcHi ReuP effom £he2)caimy sk COT‘FPI§S§ﬁgtb36 a{:Cotdé:rces

1 f | Lnt oduced into the
TNt h he hyarocahont 243t Ea58Y GunCemhanstngas-2pon

nay© ﬁ%d%n1FPéa|ﬁ%ﬂ9qqke@ﬁmn&phsrmﬂmdd1wnw&thgOFﬁﬁg%st
cpas eat frehathve dynddie GlhRloRIgduci s contapped L, . o
r oxygen {not- shomnf i
haus gas r o g .
Eﬂgpl { "is treate by the device 10 for
remov1ng C02 fronl the combustion exhaust gas of the
site. This device 10 is preferably chosen from the
devices for removing CO, that make it possible to treat

@ low-pressure effluent having a low oxygen content,

- Exiting from this device 10 is 1 COz~lean exhaust gas 20

and a CO;-rich effluent 11, which is mixed with the
COz-rich effluent 12 derived from the device 5 for

removing CO, from the Syngas production wunit. This

COz2-rich mixture (11 + 12) may be compressed by a
compressor 21 before being introduced into the reactor
1 with the hydrocarbons 2. The CO;-lean exhaust gas 20
may be emitted into the atmosphere with a very low CO,

content relative to the other products contained in the
exhaust gases.

Air or oxygen (not shown) is supplied for all the
devices 1, & carrying out a combustion.
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devices 1, 6 carrying out a combustion. WO 2006/ 082332
- 13 - PCT/ FR2006/ 050050 Figure 2 differs from Fi gurg
1 by the fact that the conbined heat and power unit

[ ' ' [ 63, a ilLer 61 and
| s WO ands feea3mp of a gas tugbine 63, re 2 e
a steamturbine 62. The 5 gas ?ur bi ne 63 gﬁ“é(%&l%% @80
conbustion of hydrocarbons 2 and gas that nainly

conprises H2 9 fromthe cold box. The boiler 61

[ bi ne 63;
I egei the ust gas 24 fromthe gas tur ;
itgﬁgﬁgﬁpp iéig)%%trﬁ Bt ¥93RE pr oeicdde sfaam 3Bat the

whc@HPigeds dirato andn polerstigam ter bisne; 62.49; 10, o5 der .
t ogpeOdUEB igleqr i gj tb%lé%% 5 henst eam tur ba:ne %l?%rg%y The
al so _be supplied wth the steafm™4 Spriddided B
watf' &P gBanﬁg‘ei 0 CPGFRAES vt eotrbe siteaeit F hydmgrtbgns 2
carty Lout the tcasney CERPELUED. B8 BCT T datiicox.
28f5¥h28¥%e%2§1:&%%%ﬁ§%§3t@ﬁeﬁéﬂégﬂﬁy geand4 ofrom the gas
hyd¢Beseofs 2 iands ggﬁp;bh;géd :Tfﬁ&g%dh%ces Ie ei?'rrzlgc%ﬁ?duces
; 2e;.col.d - o . '
O nBCL  fon '30 55 THATLHAS paramy wsetht of2 in
t HeF 3t PEAJEEPT iedecout ciby QBQ'_bqueers_@@ar@n@lurbin% 62
pardy yaXos bBesaophysh] ﬁﬂtﬁartﬁ' e%éc_out 2%%& S nkg;ethe
production reactor 1. The el sCtr iFdRey Yo sk
t J%bleﬁesc%lél%d“@%o MR e te it eth@r re ausest | psgﬂ@%ggﬁeam
sidtle ¢xitopey atkeelReldn cal g p ntmaaz %@;ﬁg;dt ﬁg) ey
dijf;frerrespect.i vel f{lom Figures 1 an ‘ N
fact that sﬁ?iweeatgnﬁﬂ%so i YWY tPzpriodides aievm@?g]g}s.. 6T e
COASequamiing, GheopetathoxXo} smegpkaged h?ﬁr%ca%%% 28 4

. fgésa@hﬁ§tEﬁgjﬁggég%g§§%%%|ggggggbﬁéggwgggmyihe cold box

rplEeB o an it o ot
Whhtbhmay B rused Ligl‘if; hjf"i% piﬁefg‘gﬂﬁf%o%. CfReiggngas in
%ﬁie L%Qiﬂ%ﬁf?@b Egggpiagglﬁyfgrdtybngodb\uisoze_th chefraed out
e e S T
%%F c%%%egcﬂw%ggg%er étgleﬁlé/rnlé% n%"?/ a‘i%l‘ﬁ abPomsly tihee expgased or
roted thisidmdere thisarenbrane 26 m@edhenbe Jeplaced

with a sinple condenser, the condensed water

er ed
rfg@ées 3 and 4 differ respectively from Figures 1 and

2 by the fact that the syngas unit aims to produce an
O0Xogas. Consequently, the cold box 1is replaced by a
deévice 26 for adjusting the H,/CO molar ratio of the
syngas producing an o0xogas 27 and a gas that mainly
comprises hydrogen 25 (and a smaller pdrtion of CQ)
which may be used in the 5yngas production reactor 1
and in the combined heat and power unit 6. The syngas
may optionally be dried by a drying device 13 before
being introduced into the membrane. According to one
particular mcde, the dried syngas 16 may straight away
have the desired Hy/CO molar ratio of the oxXogas. For
this mode, the membrane 26 may then be replaced with a

simple condenser, the condensed water recovered
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WO 2006/ 082332 - 14 - PCT/ FR2006/ 050050 possibly
bei ng reused in the syngas production reactor (1) or
in the conbined heat and power unit (6, 61). By

| MWcerE0Ué MpidEe met hod as desgribed pr ev#gﬁfég?%w%ooso
C

5 em ssions of carbon di oxi de are conside
and it is no | onger necessary to find a means of

st @dsnsgbtﬂ}e m@r@@wwﬂ la@f‘%h@d‘éﬁrﬂg%ec rpoé on hod. tor

|st es it possi bl e
cons}un'ptl on%eh 8@8&3?80%?“ £8F euApl énmat lﬂb'al 6gas,
napht ha or Ilquefl ed petroleum gas (LPG due to the

regycl o h S oduction reactor. 15
meﬁctlﬁgqnaueﬁ% Mt TETH0E S GHS ShRASL (G he L s the
° cPMARSEREF arﬁftaaf@@nofdlctmelai@venta 0BohSibbakbiy 'r%duced

pOSSdb|fttQL,@btr@ nlg arb ry Jate,of aroun
%OOé% Iﬁg CO%{%ée%&%; fr'ém %ﬁgdex’ﬁad@?ans of

gases <9 aprﬁ‘ﬁ%ﬂtothe i ntegration of the
vari ous uni ts the follow ng advantages are obtai ned:

i % ef ncy; covery of al nost 100% of
t@%ar%ﬁgﬁﬁg%c &2 tgjeecréﬁgwcﬁ tte CbEteniidsi oakes it
i R DRI ¢ eltloabﬂecme;qse sly@erc@msmﬁngm%rnatéQngyaggcﬁ&)ons
et ¥ eS25E61 n ecrea

and S Elﬁsillgﬁgu?%l e ex%a%%jfﬁaﬁr g%@EEfE‘Fﬁ% RBtRedeum
actor di ng o T4 FRveMS onedrslihe axﬁ/am,agen afhe syngas

ematddung: idre mecstease of the H2/ CO rati o downstream
of the device for renoving CO2 fromthe syngas

production unit. This decrease is obtained by

r dEveE| e mMpfo@mwabfouaed%yn@%% thalq L{gtq%%cqmlt is

gases LoMt@ini g % I}ﬁlr rec cllnglnth

Séﬂgas product| on re%%té? e é&é’eBFéHE}cédS hbkat it is
P13 ecoheemtatinons caWbo2006£682332 rak® - of around

PETHEB20060 950930 311 the CO; derived from the exhaust

gases is recycled.

Due to the integration of +the various units, the
following advantages are cbtained:

- improved energy efficiency;

- recovery of almost 100% of the carbon, hence
decrease of the CO,; emissions;

- improved reliability;

- synergy of operations and maintenance;

- - econocmic benefit; and

- decrease of NOx and S0x emissions in the exhaust
gases.

The method according to the invention has the advantage
of enabling the decrease of the H,/CO ratio downstream
of the device for removing CO, from the syngas
production unit. This decrease is obtained by recycling
CO; from various devices that produce gases containing
COz. Via their recycling in the syngas production
reactor, the gas produced has a lower H, concentration.

N
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EXAMPLES Several sinulations have been carried out

based on a syngas production unit inplenenting an SMR
reaction by 5 nmeans of a natural gas having the

f abd axd g ogasgsi tion: CHA: 196-~-696 vol YechP2FrP0BEOT050050
vol % C2H6: 2.327 vol % 10 C3H8: 0.192 vol % C4Hlp
(n-butane): 0.377 vol % C5H12 (n-pentane) 0.010 vol %
COEXAMPIEX vol % 15 The sinul ation was carried out for
three different cases: - the base case corresponded

to a site that included one syngas production unit
anteoied kopbrrédtineat have power @airticidn @i chashdren a
V\’assnybr_{@aé'e YShh &g o 2R: thencPR k)t i REoduCceYrddierion by
conbi ned heat and power unit. or stenm ng fromthe _
ARt g&¥es @4) PRbRFRhe s¥ARas DEHMuct FBR rebeibPWing
t acdoyo sigas: production unit. On the other hand, the
cx2 (1 stemmng fromth r ss ., for renoving CO2
fromtheﬁ%r ude syngas ms%rdg'c@gqeér&h% - case 1
correspbnded to the sane sit.8%s vial% he base case,

but w té}zﬂgecycl ing of CO2 derijved,firom the exhaust

gases of the syngas production reactor to the syngas
productGs®aiunit, but in whi%eH*h&d® stenmming from

the exhgust (4asasaft)the conrimeddhgat and power 30
uni t not _intr duc?gl into the Sﬁ_:%gas producti on

r eact or=5tth (PAPEREERE! *t he Vo2 %s"&rhfi ng from t he
exhaustCo,gases of the CHP énidt0lwaigm tted into the

at nosphere; and case 2 corresponded to the sanme site

as in the -35 base case, but with recycling of CO2
défievegifwdmtibe wahawarybeds oft t Horsyhgase different

prduction reactor and CO2 derived fromthe exhaust

gases of the conbined heat and power unit to the
syngas Tr ddifct PEFeunCESeWD- 20865082983 - te6 @ Site that

PCHJIRQRE/ 580%Fngas production unit and one combined
heat and power unit, in which there was no recycling of
the CO; (8) produced by the combined heat and power unit

' or stemming from the exhaust gases (4) from the syngas
production reactor to the syngas production wunit. On
the other hand, the CO; (12) stemming from the process
for removing COs from‘the crude syngas was recycled;

- case 1 corresponded to the same site as in the
base case, but with recycling of C0O; derived Zfrom the
~exhaust gases of the syngas production reactor to the
syngas production unit, but in which the CO; stemming
from the exhaust gases of the combined heat and power
unit was not introduced inte the syngas production
reactor. In this case, the C0; stemming from the exhaust
gases of the CHP unit was emitted into the atmosphere;
and

- case 2 corresponded to the same site as in the
base case, but with recycling of CO; derived from the
exhaust gases of the syngas producticn reactor and CO;
derived from the exhaust gases of the combined heat and

power unit to the syngas production unit.
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For these various cases, the preheated natural gas was
i ntroduced into the syngas production reactor which
was a steam nethane reforming (SVMR) reactor, after

hawongobeyngdgagene a hydrodesyd furizat i O /Ra0RRIEY 059050
renmove sulfide traces therefrom In all the cases,

the recycled CO2 stenmm ng fromthe device for
removing CO2 fromthe syngas production unit was al so

i nt.r.ad i.nta the SMR reactor. This recycled CO2
magogi%@%%eldag&ﬁﬁﬁe§§gﬁﬁ“ afh?heﬁ%h?%%% aht Uit e9as was
hearedoducé80nandthat sgdyeed prickuattiibe tehesofi Whedh was

Wi Lh i | sbasesk ¢ of e ct t 25 .
ba%.s%g T éndeV|ce ?%?E¥é%§ iAEN%EE %%%%#ﬁﬁé %ﬁ%%% %aVlng
syRBEsTdRReark Aridednash furt zagdeni t tpesidhe tw remove
preduceda syprdass haweR@ra o2 cont ey ofhess than, 50tne
ppn1b¥%golu§§. ngln,case 2, the gas turbine 63 was a
Sof &rYRATS tHe SHEUELNY| Arodsddiel SR fAE GRMOVESY CO2
Leﬁnumngjﬁiﬁsyngﬁsth@rmﬁxg?uﬁm gases @ésahﬂjﬁﬂﬂbhﬁgéduced
e n ni_t ) n_am_ne. _wash, e purity,
of T8 SR et s T80 S0t BE Ve BT e Gk Mg First
t eppEpege¥edand under about 0.55 bar relative. Table
1 enables the nethods for each case, and their 30

econom c inpact, to be conpared. Table 1 Base case
1°72%% 2eacprdRER pasiednatn6b8d0 8Bdoinsgeduced

HZ.rledthltmEd ’%Lﬂﬁés 9ﬁmlgéfﬁﬂzﬁsg§§g§%goga§é§ad@a(tt]aﬁ1§)sts of

expor e Sy . . producti on

unéﬂ%e Sﬁggr#?aﬁ%r &n%g)?% B9h 17.2 8.7 4.2(*) WD

2006/ 082332 - 17 - PCT/ FR2006/ 050050 by the conbi ned

h%ﬁhaQﬂgnﬂ9¥@fof”yém3¥ﬂn&'8%252%8%‘EﬂQ é%uéezgygggé'Zas an
amine wash. It made it possible to produce a syngas

having a CO; content of less than 50 ppm by volume.

In casé 2, the gas turbine 63 was a Solar Mars 100
model.

In cases 1 and 2, the unit for removing COs; from the
exhaust gases of the combined heat and power unit was
an amine wash, the purity of the dry CO, obtained was
99.9% by volume at room temperature and under about

0.55 bar relative.

Table 1 enables the methods for each case, and their

economic impact, to be compared.

Table 1

Base case [Case 1 | Case 2

CO produced (18) Sm’/h 9500 9500 9500
H, produced (28) Sm>/h 24530 13835 8260

Steam (141) exported
by the syngas t/h 24 20.6 18.8

production unit

Steam (311) exported | t/h 17.2 g.7") 4.2%)




exported Electricity (232 + 231) produced by the . M
9 8.69(**) 8.451**) conbi ned heat and power unit
Nat ural gas used as a reactant in the Sn3/h 12080 7728

5550 20psgas2pBaduction reactoy (1) Nat et /@a0 06550050
as a fuel in the syngas Sn8/h 1900 2209 2350

pl P A A A+t he natur s _used. _bv

UULLIUII 1§ a..utu L T tTTe-rHet ¢ ;
th:eb%y %ﬁ%’i C%ng%%: 9937 790 productijon unit

(12— \RQWQQrHﬁk%p crude syngas and SnB/h 3316 4741
7)06 PedyEhedsharmral dast(?) lsedihsl a flueR8if the2I.7
SnB3/ h 271671’41202-@902717 canbi ned heat and pgwer unit

Nat Urlectgaissitsed 282 Sm /fh 16697 |12654 10617 bot h
uni 23 J Amourtucefd €2 ttenmpvedweby | means of tlhe, g gfévijce, 45
(1L0) cbmbinedonéng &k& fromthe HnB/h - 3118 4775
exhaust @asas yrieduced and recycled as fljuid (11)

Rat 8aehirk €COYETH DI é%ﬂ e device (10 for

rEMOYi PPaltkn P01, 80,80 (TEQMANE COBREFLIAN 5505 | 555

syngas production
reactor (1)

Natural gas used as

a fuel in the syngas Sm®/h 1300 2209 2350
production reactor
(1)
All the natural gas
used by the syngas Sm*/h 13980 9937 7900

production unit

CO2 (12) removed from

the crude syngas and Sm*/h 3316 4741 7006
recycled
Natural gas (2) used
as a fuel in the Sm*/h 2717 2717 2717

cembined heat and
power unit

Natural gas used by | Sm°/h 16697 12654 10617
both units

Amount of CO; removed
by means of the
device (10} for

removing CO; from the | Sm®/h - 3118 4775

exhaust gases
-produced and
recycled as fluid
(11)

Rate of recovering
CO, in the device
(10) for removing CO,
from the combustion
exhaust gases of the
site
All the CO,
introduced into the | Sm®/h 3316 7859 . | 11781
syngas production
reactor (1)
H»,/CO ratio at the
cutlet of the syngas 3.1 1.8. 1.1
production reactor '
(1)

o@
i

85 80




exhaust gases of the site Al the CO2 introduced
into the SnB/h 3316 7859 11781 syngas production
reactor (1) H2/COratio at the outlet of the syngas

3. WOl 2808/b82pBeduct i on reactpg (1) WO 2 50050
18 - PCT/ FR2006/ 050050 Natural gas save%%%ﬁﬁé%fé’

86——over—bothunits Saving in natural gas produced
r gﬁ\fm)lygaﬁpéﬁﬁﬁﬂng c&5t/bf | (8406 - 6.[71400310] 6080
IS/ VAHEBEPPRED) UREEP: hiigher heating powdr) Capitft al

kpeAdVi0geiyi hebsraent (over 15/MVB/y - 1.118 1.55
pafgsapdodetadnfon anveMMmnir of 13% Decrease of
Kpoppeda My ycsseant (10$/ b)) (8400-- -0.192:-1136 145.19
y) Dectefseniof:,export ed Wi/ y| el ectricitly (8400 |-
D. 10240 A75ne(30%/:MM) h/y) "Saving in 002 |credit NMB/y
ssessed afowk0f/t 002 (8400 - 4,05 4.73 h/y) Tota“

avE st MVELYod 8o V] 72 13.3 iy (i nctudimg

[ eamwsOtndAt tdige deyd ce pl9), for  removing 003 | | .
years and return on
investment of 13%)

N ' oo O T PO

Decrease of exported MMS /vy

steam (10$/MWh) {8400 - -0.92 ~-1.36
h/y)
Decrease of exported MMS /vy
electricity (8400 - -0.10 ~-0.17
(35%/MWh) h/vy)
Saving in CO, credit MMS$ /vy
assessed at 108/t CO, (BZ200 - 4.05 4.73
h/y) '
Total savings MMS$/y
' (8400 - 9.74 13.3
h/y)
(* = including steam used in the device (1C) for

removing COQ,);
(** = including power used in the device (LC) for
removing CO,}.

This example shows the economic advantage of recycling
the CO; produced by all the units in the SMR reactor so
as to .decrease the consumption of &ll the natural gas
(used as a reactant and as & fuel). In case i, the
10 consumption of all the natural gas consumed by the
syngas production unit is already reduced to 71% of the
base case. In case 2, the H»/CC ratio is reduced to 1.1
and the consumption of all the natural gas consumed by
the syngas production unit is reduced to 57% relative
15 to the base case.

The graph from Figure 5 gives the H,/CO molar ratio
(x-axis) at the outlet of the syngas production reactor
as a function of the amount of CO, (in Sm*/h) (y-axis)
20  recycled in the syngas production reactor. It can be
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(** = including power used in the device (10) for

renmovi ng C02) 5 This exanple shows the econom c

advant age of recycling the 002 produced by all the

unigbs 2b0sli/be28kR reactor so_ to decre

consunptign of all the natural gas (usegiﬁggﬁioos/osooso

reactant and as a fuel) . In case 1, the 10

consunption of all the natutgdr®s consunmed by the

syngas production unit is already reduced to 71% of

the base case. In case 2, the H2/COratio is reduced

toll. 1 Aam&ﬂh&dcdnxumModubxﬁgablgﬁﬁgmatuggg gaﬁ syngas

co S uction unit is reduced to

57A§§ g%?%% Eﬁgt ¥8§§§ gf@ case. The graph from

F| gure 5 givesléeast HGO nrgay atimductiad S)reatctdie (1)
pfg@u@ﬁngh§r§ﬁngg§r@é§gy&$éo yeactor as a function

of the anount of 2 (in SnB/h (y axis) 20 recycled

in the synga® pfoBHBEFoRYREast 68) FemBaRSBROWDYdrogen, CO

2006/ 082332 - 2&nd @ﬁJYEﬁEDOG/OSOOSO CLAIMS 1. A

met hod f or produ0|n a s a syngas
production unit co?nggl? %ggqa %3% Rengas
productT org r davice () imndmemnglhgonxbydﬁmmar@@n§ crude
(yngas crysle &g;}éjgg?.) I S hydr en,, CO

T nd aﬂ é%%aust 4 oﬁ%ggsﬁ%gngg@ rlges CO;

%ﬂ!(%ﬁl¢oga$eﬁ59Fn@a€nﬁYfﬁ@mpsasdscﬁodebesgggaecycled

(&nwoﬁw'm@@qﬁrdmﬁu@ rﬂ@éc%rfp“l%es cx (12),

sai.d gas _that nai.nl onprlses belng recycl ed
D e SRR i PO a2y EpTeH SR g

i ndust r-i alamlleaﬂddbheomﬁhrlb)in@@lﬁp{da&i nQnd1%OWe§t dr?ﬁ?t (6)
0 I L. _an pomer ni t u0|n
e%ﬁégggggge%fb%%@g%g% §ihg EEQ E&EaSl g@?ce QO)

f or renov@ng<iixn¢¢onﬂlhb combustmorieyhausl,; gasesn ofthe

th@m@bg%ﬂogh%&@%g%%légge nohat, g9z, at Ieast one of

t he exhaust gases
characterized in hat

- at least one of the exhaust gases (4)
comprlslng CO; produced by the syngas production reactor
or by the combined heat and power unit (6) is treated
in the device (10) for removing CQO, from the combustion
exhaust gases of the site; and

- the CO; (11) produced by treating the exhaust
gases (4, 8) from the syngas production unit and/or
from the combined heat and power unit via the device
(10) for removing CO, from the combustion exhaust gases
of the site is at least partly recycled into the syngas
production reactor (1).

2. The method as claimed in claim 1, characterized in
that the combined heat and power unit (6) comprises at
least one of the following devices: a gas turbine (63),
a boiler (61) for steam preduction, a steam turbine

{62), or a combination of these devices.
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conprising CO2 produced by the syngas production
reactor or by the conbi ned heat and power unit (6) is
treated in the device (10) for renmoving CO2 fromthe

comniAG o8y ogadmmIst gases of the_site; a”ﬁcggglgwg/osooso

CO2 (11) produced by treating the exhaust
8) fromthe syngas production unit and/or fromthe

coﬁblned?heatmanﬂoaomBigunbgaymgdthgjgevbgglm(lqg f?%
r enmvi, g, g@g m 1t he conbus%hon exhaust gases

site is at Ieas %ﬁtl%h?gcy &d @ﬁpgaﬁheE§¥H§E§lqy) unit
pr@@@@ﬁﬁ@ﬁsreact@ﬁvxdg 2r Themﬁﬁihgdca§ A eheN syngas

cl ab-Balcighara [ M1 t_ the .conbined heat an
%ﬁ: uﬁ.lt'@ga e o L i SRR O Y et 2 gas
oI Bl g ia V‘@@@Présgésﬂtuf%hne (63), 35 a boiler

(61) for steam production, a steamturbine (62), or a

Cgblnaé on_of tgese devi.ces. WD 2006/ 082332 - 21 -
h%/@%@@% ﬁémﬁétﬁédcé§lﬁlé|ﬂﬂ$anaqﬂemlmeﬁ in

orthat chheacterized ifort habmbkengy ngas Q&Qgpckm%n_syngas
UNkdmp £PRRLI S€ vice. for rmV|n CO fromth

syng%% g?%d%cﬁﬁglgsggév%%%t rﬁ@dc%ﬂ%94%é%0¥xj?18)

and a'gas 5 that mainly conprises H2 (9) 4. The

mes hod gige Cl idmdd n ghai eri zed t hat
th deV|c% for rerﬂawﬁé s ﬁﬁ% hegéyn I%onﬁrléﬂ% 4
a GG WeVFRE (13) &Rata ddld mqas) pPoSucThen unit

mmwmes:l ai nreavwecl @Qm 31 4 urﬁhggggt e&léées%a's” that

uct | unjt conpr i"ce
2‘%‘ r%lt}? %gulﬁxlg]?y? ? q9tatly feial e ebapr £epsrioving
dewnby tittee ds@wgaes fotsalielrm]gm@gfléa@@oﬁr opebhee  (22)

f thQy Lce ( produci ng a gas
enrlched mngkgﬁg %ﬁ%ﬁd%% IME? i%gés claimed in
claimb5, characterized in that the device (22) for

pLﬂSrIfyITHBJ@e e 1IRE atsha@la{@dé'&y& 20, A LS =< aﬁ:' l}lélfeih%d in

n
ssu ng, adsor tlon PS rocess
% P%altli}aedvgil%‘gjc Fi hf o) Eﬁara@réfvzed ithe tdeat et mainly

20 de:wmp61$%3) fHor @slésfyan%fé@s&@é tg\@fnc_fym'mélorptlon PSA

25

30-

35

process.

7. The method as claimed in claim 6, characterized in
that the device (22) for purifying the gas that mainly
comprises H; uses a pressure swing adsorption PSA
process and produces an off-gas (29) +hat mainly
comprises a mixture of H,, CO and CH,.

8. The method as claimed in one of claims 3 to 7,
characterized in that the combined heat and power unit
(6) comprises a gas turbine, the fuel of the gas
turbine being natural gas {2} or a mixture of natural
gas (2) and at least one gas chosen from: the gas that
mainly comprises H, (9) produced by the device (7) for
removing CO from the syngas, the gas enriched with H,
(28) produced by the device (22) for purifying the gas
- that mainly comprises H,, the off-gas (15) from the cold
box (7) and the methane purge (31) from the cold box.




25 conprises H2 uses a pressure sw ng adsorption PSA

process and produces an off-gas (29) that mainly
conprises a mxture of H2, CO and CH4. 8. The net hod

as wd aowsl/ogpene of clainms 3,t0 7, 30 characterized

in that the combined heat and’fower unit FE8fFR2006/050050
conprises a gas turbine, the fuel of the gas turbine

bei ng natural gas (2) or a mxture of natural gas (2)

and, at l.gast on s chosen from the gas that mainly
co%{ﬁ: sé'[glael-a Iﬂ“@ghg?od&@ed gyaimeddevirce EIpifior B5 or 2,
r e FOVALRS tED ifzegim the syingas, thbe @ Rr | ;:Eﬂeoqi . t.h H2 .
( 2&8hbrpradiced %‘;irbee dif%l Cefi’p'élz%t%’ f%?lg%uri i/l né‘l\/&ttﬁléngasunlt

sthat mainly comprises 2, 5! NYa§ 193144 ovd t hlee Hp/CO
cof'@13BoXaripP ahdthresmebhane purge (31) fromthe cold
box. f WD 2006/082332 - 22 - PCT/FR2006/ 050050 9. The

rre&pod g% cl ai geg inclaiml or 2, characterized in
that "t he"§yRga8°pr ductréiedniin dedpr iSeshmdetieed zed in
f orhatlj ustd ngethee valbue Lfjddier 4/ gpg iE;,n Aar gi’;chg qu /0

t hgosypoasy : 10, . The, net hod as claine clai
. chacr)acterlé%}eéli% TURAT T YHR TRRAERR e Rfjeisaniang( 2die.
O value of the H2/CO nolar ratio is a
0 ,11. The nethod as

h ogem e e n 26) .
clyg{ m%g ' {:nlggiﬁgmhl , gfaa?lai rit2ef 3 that fharacterized
hydt ogER2ber ekl ehlighbremepé 263abbe preesdadeby @6) is

dryrargedeyiwe  )yinkp dje%ic-léhe(l thod as clainmed In
the preceding claim ~characterized in that the

exhaust gas (4) fromthe syngas production reactor is
15 nileed viheh we¢hexhasst gasimdd) iff ompthe ggg‘gﬁ]ﬁ% heat,
aRd sRAR YNy pgjor o ng intro Uced I Rt o e "
devi ce (10) for Irermvi&htg 5 “o8heRs toRs cdfbusficom the
eXHBGSS Prseucsfionheesicter 13 nEhedraihod B Cé;é}ia”[?% gas
i ngonetf pémt e, Pr ecgdi ai s haracteri zed 1 n that
tge.C@. 11, 12) pr,o%ﬂ‘g%d%%aytt;ﬁégde?x%f%% (Bitioprier to
o MoV Pnd "CFP ISR thie s yiasdesipe 0dady | @ unidndfthy co,
f foomt heecoohuabt 08 exPRMSE L he site is
conpressed before being recyg?gegé?og%h%he site.
13. The method as claimed in one of the preceding
claims, characterized in that the COz (11, 12) produced
by the devices (5, 10) for removing CO, from the syngas |
25 production unit and from the combustion exhaust gases
of the site is compressed before being recycled to the
'syngas reactor (1).

14. The method as claimed in one of the preceding

30 claims, characterized in that the combined heat and
power unit comprises a steam turbine (62) which is
partly supplied with .steam (14) produced by the heat
derived from the syngas production reactor (1).

35 15. The methcd as claimed in one of the preceding
claims,_ characterized in that the combined heat and
power unit comprises a steam turbine {62) and in that
at least some of the steam (31) from the steanm turbine




syngas reactor (1). 14. The nethod as clainmed in one

of the preceding 30 clains, characterized in that the
combi ned heat and power unit conprises a steam

tuny noddyds24ych is partly, uppl ied with. steam (14
produced by fhe heat derived romthe sﬁf'g%f R2°°é/°-‘-)'°°50
production reactor (1). 35 15. The nethod as clai ned

i n (@29 ofs thes@r Q@ecﬁl{ég a&h aracterized in t
O\Nef;é%rﬁl Eon%r 689 e drfy2 Trom

th 0 ed, heat a

tu&t})ll%ng‘%fr%ﬁl)gtéﬁa eﬁgf“HﬁF gapepeadt thoneivé.t he steam

(31) fromthe steam turbine WO 2006/082332 - 23 -

PCI5FR28Q (62) s used |n the device (10) for

r enpvi ng %(glé%%gér)ﬁl ﬁ’bﬁ‘?g oh extiusPigales efradesiing
0 si Feaing, m@mmm clai mecht ntege Wicbheatio of the

pr@@@déngyn§a§|QBﬂsascggﬁﬂg%g;lZe%ggﬁpkggﬁgaggﬁnghgate of

%b%l %r?@ ra'}tleCru tgég efl1Dby 12)e pecticed bys,theo) for
devememz@dj CtQ) ffref HHRNMOY IE‘ %g%&%@tﬁgﬁ Sf?ﬁ'l%f‘s%%ge From

progy Ctéo‘%ﬁo nEt and fhr om ustion exhau
fromthe site 1H t F&ELr§t syﬁ@§§spr S8t i Ure r eddicor in  the
10 (15ynags mt‘ﬁedumttimd msacderd e i n clai m 16,
characterized in that the syngas production unit does
.not_conprise a device (26) for adjusting the val ue of
th]e H2/ @@EhOdlgsr atlicoimgfd t he sy Rgas. 16 characterized

in that the syngas production unit does not comprise &
device (26) for adjusting the wvalue of the H;/CO molar
15 ratio of the syngas.




